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1. INTRODUCTION

The giant {reshwater prawn Macrobrachium rosenbergii is a
commercially important species widely cultured throughout the tropics,
subtropics and some parts of temperate regions (New, 2000). The
devastating viral infection in marine shrimps has forced many
entreprencurs to grow {reshwater prawns as a substitute crop in many
coastal districts of India.

But the pace of growth in this vital sector of aquaculture has
rather been slow, primarily duc to the non-availability of good quality
and quantity of sced. I'or many hatcheries located in tropical regions,
availability of larvae is ensured by cgg-bearing females obtained from
culture ponds or natural sources. However, lack of an assured supply of
berried females from the wild, limits the hatchery operations.
Controlled production of viable cggs and successful rearing through
larval stages are nccessary for the reliable supply of seed on which
freshwater prawn farming systems depend.

The rapidly growing prawn culture industry, among other areas
looks towards crustaccan cndocrinology, to assist in developing
techniques to increase crop yield by stimulated growth and controlled
reproduction under captive conditions. Controlled breeding in captive
condition provides the advantage of obtaining pure seed as and when
required and opens up new aveflues of large-scale husbandry. With
increasing knowledge of endocrine activity and control of gonadal
development in crustaceans, the technique of eyestalk ablation is
receiving greater attention as a method of inducing precocious
maturation in captivity (Primavera, 1985). ‘

Crustacean cycstalk is known to contain production, storage and
release centres of the gonad and moult inhibiting hormones. Published

work to date has shown that eyestalk removal is likely to produce either



érecocious moulting or gonad development, depending upon 'the
relative interactions of other ambient environmental factors and age of
the animal (Adiyodi and Adiyodi, 1970). Eyestalk ablation also leads to
predictable peaks in maturation and spawning which facilitates the
setting up of production schedules in contrast to scattered spawns for
unablated {emales.

Eyestalk ablation has been §pcccssfully used to induce ovarian
maturation in various penaeid sp(-;cies (Adiyodi and Adiyodi, 1970;
Primavera, 1985). Ilowever, very few studies have been carried out in
freshwater prawns. No concerted attempt has so far been made in our
country on rematuration of spent female of M. rosenbergii through
cyestalk ablation.

The objectives of the present study are:

1. To find out the role of eyestlalk ablation on rematuration of

spent [emale of M. rosenbergii in captive conditions.

2. To study the histology of the ovary during rematuration of

eyestalk ablated and unablated spent female of M. rosenbergii.
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2. REVIEW OF LITERATURE

2.1 DISTRIBUTION OF MACROBRACHIUM ROSENBERGII
Species of freshwater prawn of the genus Macrobrachium are
distributed throughout the tropical and subtropical regions and more
than 100 species are known to exist today (New, 2000). In India, the
genus is represented by about 40 species out of which 15 are important
from fisheries point of view (Jayachandran and Joseph, 1992). The
largest and most popular among them, the giant freshwater prawn,
Macrobrachium rosenbergii is indigenous to Southeast Asia, Northern
Oceanica and Western Pacific Island. The species inhabits fresh,
brackish and rarely marine waters and is the most commercially
important species of the genus Macrobrachium (New, 2000). M.
rosenbergii ié distributed from Indus dclta of India, China to Asian
" mainland in fresh and brackishwater areas. In India, it is available in
West Bengal, Gujarat and in Kerala state (Tripathi, 1992; Sebastian es
al., 1993).

2.2 REPRODUCTIVE BIOLOGY OF M. ROSENBERGH
2.2.1 Sexuality

Palacmonid prawns are dioccious, the sexes being distinguished
by a number of external characters (Patwardhan, 1937). In general, the
females are smaller than the males of the same age. The second chelate
legs of males are more elongated, stout and profusely covered with
setae. The males are also characterized by the presence of appendix
masculina in the endopodite of second pleopod. In females, epimera of
the abdominal segments are bigger in size and form deep recess for
carrying eggs during breeding season. The male genital apertures are
paired, present on the arthrodial membrane above the coxa on the inner

side of the last pair of walking legs, covered over by small tongue like

[y



flaps of integument. The female genital aperture is also paired, edch
being situated on a raised papilla on the inner side of the coxa of the

third walking legs.

2.2.2 Reproductive system

Jayachandran (2001) rceviewed the reproductive system of M.
rosenbergii. The female reproductive organ system consists of paired
ovaries, oviduct, gonopores and an unspecialized spermatophore
attachment area. Thc ovarics lic dorsal to the stomach and
hepatopancreas. When the female become fully mature, the ovaries
occupy the entire carapace cavity and also extend a little into  first
abdominal scgment. The heart is situated mid dorsally over the
somewhat flattened posterior lobes of the ripe ovaries. The ripe ovary is
bright orange in colour. .

An oviduct arises laterally from each ovary at a point just anterior
to the position of the heart, extends downwards and opens into
gonopores, situated on the coxa of the third pereiopod. The oviducts are
generally translucent and somewhat difficult to see, but they can be
observed easily during spawning when the brightly coloured eggs move
through them to the gonopores. The gonopores are simple, posteriorly
directed .openings on the inner surfaces of the coxae of the third
pereiopods. In sexually receptive females, cach pore is equipped with a
large tuft of long sctac. The long setac arrange themselves as a “tube”
through which ova pass out. Coxac of the fourth and fifth perciopods
also bear tufts of long setae, which may help to direct the newly
spawned eggs over the spermatophore and also to the brood chamber.
The tufts of setac that develop on the pleopods after the pre mating,

parturial moult are termed the “breeding dress™.



The sperm receptacle is a rclatively smooth and essentially
unspecialized arca of the thoracic sternum cxtending from just in front
of the third to the filth pereiopods.

Joseph (2002) studied the morphological and histological delails
of male reproductive system of this specics. The male reproductive
system consists of paircd testes, vas deferens and gonopores. The testes
lie dorsal to the stomach and hepatopancreas. They give rise to highly
coiled vas deferens. From the tightly coiled region of the vas deferens,
a more or less straight tube extends down the posterior lateral side of
the cephalothorax, ending as a terminal ampulla. The terminal ampulla
is the swollen arca where the sperm mass is stored prior to ejaculation.
Within the vas deferens thousands of non-motile sperm cells are
embedded in a sticky gelatinous matrix, which upon extrusion forms
the spermatophore. The male gonopores are situated medially on the
coxae of the fifth pereiopods, on the inner side. Each gonopore is
covered with a flap, which opens as the spermatophore is extruded,

presumably by muscular contractions, {rom the terminal ampulla.

2.23 Sex ratio

Scasonal variations in sex ratios have been reported in the case of
Macrobrachium spp. Raman (1967) has reported male domination in
the case of M. rosenbergii in the catches especially during May-June
from the Vembanad lake. Kurup er al. (1992) reported a male: female
ratio of 1: 1.11 for M. rosenbergii [rom the catches from Vembanad
lake. The seasonal variation was also found to be pronounced in this
species being of 1:0.17 to 1: 5.87, the females dominating during
September to December and males during March to June. Varghese et
al. (1992) observed the best result of oviposition by maintaining the sex

ratio of 1male: 4 female in brood stock rearing of M. rosenbergii.



2.2.4 Size at first maturity

Many of the palaemonids reach sexual maturity within a year.
The size at first maturity of M. rosenbergii has been investigated by
many workers. In rivers of West Bengal it takes two ycars
(Rajyalakshmi, 1961; 1975) and in Kerala one ycar (Raman, 1967) to
attain maturity. Rajyalakshmi (1975) reported that males have been
cstimated to attain lengths of 107 and 149 mm at the end of first and
second years of life and females 8%.5, 130.5 and 168.5 mm at the end
of first, second and third years respectively. Rao (1967) recorded the
me-an size of 155 mm as the maturity size in Hooghly estuary. Goorah
and Parmeshwaran (1983) recorded 118 mm and 20 g (5-7 months old)
as the smallest size of berried females in ponds at Mauritius. The
largest rc<:‘0rdcd size of this species is 340 mm for male and 286 mm

for female (Jayachandran and Joseph, 1992). '

. 2.2.5 Breeding season

The' appearance of berricd [emales marks the onset of the
brecding scason, while the time by which majority of prawns appears to
have dehished the brood indicates the end of the period (Rajyalakshmi
1961).

The breeding season of freshwater prawns shows considerable
variation. M. rosenbergii breeds from December to July in the Hooghly
estuary (Rajyalakshmi, 1961,1975; Rao, 1967) and in Kerala, it breeds
during August to December with a peak in September- November

(Raman, 1967; Kurup et al., 1992; Sebastian et al., 1993).

2.2.6 Male morphotypes
Different male morphotypes arc reported to be available in M.
rosenbergii. Sagi et al. (1986) noted three different types of male

morphotypes in M. rosenbergii, which are small males, orange clawed



and blue-clawed males. Each type of male morphotype is said to
represent a different reproductive strategy (Sagi et al., 1990; Joseph
and Kurup, 2001). Small males and blue-clawed males actively take
part in maling, insisting liltlc cnergy on somatic growth; while orange
clawed males are characterized by fast growth rate (Sagi, 1984;
Ra’anan and Sagi, 1985; Sureshkumar and Kurup, 1998).
Harikrishanan and Kurup (1997a) reported seven types of male
morphotypes in M. rosenbergii viz. small males, weak orange-clawed
males, strong orange-clawed mag)es, pre-transforming orange-clawed
males, weak blue-clawed males, strong blue-clawed males and old

blue-clawed males.

2.2.7 Eggs and Fecundity

The eggs are slightly clliptical, 0.6 to 0.7 mm along the long axis,
bright orange, and cach has a thin membrane (Jayachandran, 2001). A
typical mature female of about 80 g in weight and 14 c¢m in length can
produce about 70,000 eggs (Jayachandran, 2001). Large females may
produce up to 100,000 eggs (Jhon, 1957). Maturc females may oviposit
3 to 4 times a year under natural conditions. Many investigators (Table

1) have worked out fecundity of M. rosenbergii.

Table 1. Fecundity of M. rosenbergii worked out by some authors

Region Size range (cm) Fecundity Reference
Kerala waters 18.1-22.9 139,600-503,000  Raman, 1967
Malaysian water - 60,000-110,000  Ling, 1969
Hooghly estuary 18.0-25.5 12,280-101,700  Rajyalakshmi, 1975
Balgoda lake 5.5-9.0 82,000-170,000  Jinadasa, 1985

(carapace length)

Kolleru lake 15.0-25.5 20,880-162,078  Rao, 1991




2.2.8 Spermatophore formation and insemination

Sandifer and Smith (1979) described spermatophore formation
and insemination in M. rosenbergii. They observed that immediately
after copulation the spermatophore appears as two fused cords of an
opaque gelatinous matcrial lying parallel to the long body axis between
the female’s last three pairs of perciopods. As they are extruded, the
gelatinous sperm cords ar¢ sticky and apparently fuse into a double
strand spermatopﬁore. As soon as it is formed, the male’s first and
second pair of pleopods probably transfers the spermatophore to the
female’s thoracic sternum. Soon the spermatophore hydrates, it
expands and loses its stickiness except on the surface jointed to the
sternum. This expansion oftcn obscures the spermatophore’s original

morphology and apparently serves to help anchor it.

2.2.9 Moulting and repreduction in females

In freshwater prawns ovarian maturation processes through
intermoult and culminates in pre-spawning moult. This pre-spawning
moult is of great significance among palaemonids in which new
breeding dress is acquired by females in order to carry eggs. Mating
takes place a few hours after this moult (Narayanan and Adiyodi, 1992,
Sebastian et al., 1993). ’

2.2.9.1 Mating

Rao (1967) and Ling (1969) have studied the mating behavior of
this species. They observed that once the male and female get
accustomed to each other, mating behavior is initiated. The male starts
its courtship display, lifts its head, raises its body, and waves its feelers.
It raises and extends its long and powerful chelate legs in an embracing

gesture, It is accompanied by intermitient jerking movements of the



body. This display continues for 10 to 30 minutes before the female is

successfully won over.

2.2.9.2 Spawning and Fertilization

Jayachandran (2001) reviewed the spawning and fertilization in
M. rosenbergii. Typically, spawning takes place roughly 24 hours after
the pre-mating moult. Ling (1969) observed that spawning takes place
6-20 hours after the pre-mating moult depending on the time of mating.
During spawning the female’s abdomen is tightly flexed and the
pleopods cxtended to form a protected egg passage. The ova stream
down the oviducts and exit the gonopores as separate eggs. Eggs pass
out of the gonopores in slow, steady streams and are channeled
posteriorly along the medial body live by the ‘tubes’ formed by the

.long sctac surrounding the genital orifices. The passage ' may be
facilifated by a lubricating {luid sccreted by the oviducts as suggested
by King (1948) for Penaeus setiferus. As the eggs pass across the
thoracic sternum, they encounter the spermatophore, which had
previously been manipulated by the small chelae for fertilization.

The sperm cells are apparently brought into contact with the ova
by the mechanical action of the ova passing across the spermatophore
on the way to the brood chamb%r. As suggested by Descouturelle
(1971), movement of the coxae of the fourth and fifth pereiopods, with
their more or less medially directed (ufts of long setae, may also help to
facilitate egg passage towards abdomen.

During spawning the abdomen is flexed and the pleopods
extended as described by Ling (1969) and Sandifer and Smith (1979),
so that the first two pairs of pleopods overlap the sperm receptacle area,
essentially forming a floor for the egg passage way. After the eggs pass
over the spermatophore, they are paired up by setae on the first two

pleopods and moved into the abdominal brood chamber. The first two
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pairs of pleopods are essential for fertilization of the eggs and also for
their arrangement in brood chamber.

As the eggs pass into brood chamber they become attached to
cach other and to the ovigerous setae of the first four pairs of pleopods
by a ‘cementing substance’ which is produced by tegumental glands
present in the pleopods (Yo‘ngc, 19§5). Sandifer and Smith (1979) have
observed that even cggs which do not come into contact with the
tegumental glands of the pleopods develop a gelatinous outer

membrane shortly after releasc from the oviduct.

2.2.9.3 Incubation

Jayachandran (2001) reviewed the incubation of eggs in M.
rosenbergii. In freshwater prawns the eggs are carried underneath the
abdomen in a brood pouch cemented to among the setae in the
pleopods. The females incubate the egg mass for about 19 days in M.
rosenbergii {(Ling, 1969). The devcloping eggs are ventilated by the
fanning activity of the pleopods of the mother, to facilitate gaseous and
jonic exchange for cggs during incubation. From the 12" day of
incubation, the bright orange colour of the eggs gradually lighten and
become light grey, decpening to dark to grey by the 16" to 17™ day of
incubation. By this time the larvae inside the eggs are fully developed.
Dead eggs and other forcign materials are carcfully removed by the
female with her [irst pereiopods.

Several other investigators reported incubation period of 15-24
days (Rao, 1986), 16 days (Diaz, 1987a) and 17 days (Diaz, 1987b) in
M. rosenbergii. |

Incubation of cggs is reported to be energy demanding process
(Mathavan and Murugadass, 1988). The presence of developing eggs in

the brood pouch delays moulting in crustacea (Schone, 1961).
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2.2.9.4 Hatching

During hatching the mother prawn creates powerful water current
by beating the pleopods and as a result the eggs hatch (Ling, 1969).
During this process mother preens the egg mass with maxillipeds to
sever the eggs. The exposure to strong current and preening of the eggs
might trigger hatching (Balasundaram and Poyyamoli, 1984). However,
Balasundaram (1980) observed that when disturbed, the pleopod beat
frequency decrcase and the female postpones the process of hatching.

0
2.2.10 Ovarian development in M. rosenbergii

Rajyalakshmi (1961,1980) classificd the maturity stages in M.
rosenbergii, M. mirabile and M. malcolmsonii in thc Hooghly estuary.
Charles and Subramoniam (1982) identified five histological stages for
M. malcolmsonii and M. lamarrei. Jayachandran and Joseph (1988) and
Patil (2001) reported seven histological stages in M. idella. Sebastian
(1993) reported six well-marked histological stages in M. equidens
equidens and M. equidens pillai.

O’Donovan et al. (1984) and Wilder et al. (1991) have described
ovarian development and histology in M. rosenbergii. Chang and Shih
(1995) studied the histology of ovarian development of M. rosenbergii
and classified five stages, based on their size and colour, which can be

observed through the carapace.

2.3 ENDOCRINE CONTROL OF REPRODUCTION IN PRAWNS
/SHRIMPS AND OTHER DECAPOD CRUSTACEANS
Reproduction in crustaceans like many other physiological
processes is under endocrine control. Moulting and reproduction are
major metabolic events involving cyclic mobilization of organic

reserves from storage depots to the epidermis and gonad respectively



and though temporally separated, are functions inseparably integrated
with one another (Adiyodi and Adiyodi, 1970).

The eyes in decapod crustaceans are generally stalked and
movable and are known to contain a variety of hormones or factors
apparently responsible for growth, moulting, metabolic rate, water
balance, dispersion of retinal pigments and sexual.activity (Lockwood,
1968). The X-organ sinus gland (XO-SG) complex in the eyestalk is
believed to produce a hormone controlling both reproducﬁon and moult
(Adiyodi and Adiyodi, 1970). Two hormones jointly involved in the
control of moult, growth and development have been postulated later to
regulate reproduction jointly (Adiyodi, 1980).

Although many observations have been made on the inhibition of
reproductive maturation by eyestalk hormone(s), recent research is
focused mostly on brain, thoracic ganglion (T'G), ovary and mandibular
organ (MO) and their functions which are closely related with the
release of gonad stimulatory factors or hormone(s) (Yano, 1992a). As
with bvarian maturation, it has long been suspected that vitellogenesis
in crustaceans is controlled by two antagonistic hormones; in penaeid
shrimp gonad inhibiting hormone (GII—D is secreted from the XO-SG
complex and inhibits vitellogenesis and gonad stimulating hormone
(GSH) is secreted from the thoracic ganglion and brain and stimulates

vitellogenesis (Yano, 1992a).

2.3.1 Gonadal maturation

There is still much speculation and difference of opinion about
the process of gonad maturation and the model of Adiyodi and Adiyodi
(1970) is étill currently accepted (Adiyodi, 1985). This scheme
proposes that the actions of moult inhibiting hormone (MII) and GIH
are antagonistic and also that there is a GSH, produced by the brain and

the thoracic ganglion. Moulting occurs when the titres of MIH and
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GSH are low and those of GIIT and moulting hormone(s) MH are high;
gonad maturation occurs in the converse situation. This model applics
primarily to the females, but there is evidence that in male crabs, GIH
acts via the androgenic gland (AG) by inhibiting its sccretion; in iis
absence maturation takes place (Payen er al., 1967). Moulting and
reproduction are generally held to be antagonistic events in
malacostracan crustaceans since both require large amounts of energy
and are mechanically incompatible (Anilkumar and Adiyodi, 1981;
Quackenbush and Herrnkind, 1981; Chang, 1984,1992). In species
where moulting and ovarian development alternate, MIIT and GIH must

act antagonistically (Dull er al., 1990).

2.3.2 Inhibitory factors of gonad maturation
2.3.2.1 Gonad inhibiting: hormone (GIH)

In decapods, it is \36“ known that the removal of eyestalk induces
ovarian aclivity (Adiyodi and Adiyodi, 1970). The existence of a gonad
inhibiting principle in th;: cyestalk of decapod crustacean was first
demonstrated in Palaemon serratus by Panouse (1943). The
neuroendocrine complex produces an inhibitory hormone; when this is
removed precocious gonadal development ensues. This was later
confirmed in many decapod crustaceans, in Cambarus (Stephens,
1952); in Uca (Brown and Jones, 1949); in Lysmata (Carlisle, 1953)
and Carcinus (De’meusy and Veillet, 1952). Panouse (1944,1946)
further found that the removal of the sinus gland alone leads to some
increase in size of ovary, but not nearly so great an increase as after
eyestalk ablation. In intact animaIu the normal increase in size which
precedes the breeding season may be inhibited by injections of extracts
of whole eyestalk or sinus gland or medulla-terminalis ganglionic x-
organ (MTGX) (Carlisle, 1953). Knowles and Carlisle (1956) took this

result as evidence for existence of an ovary-inhibiting hormone (OIH).
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Eyestalk ablation removes an inhibition, which is preventing ovarian
growth, thus leading to rapid uninhibited proliferation of the ovarian
tissuc, which may incrcasc sceveral folds in a month. Conversely,
injections of cyestalk extract supplies the inhibitor, which keeps the
ovary in check.

Though Carlisle (1954) proposed specificity of GIH, Adiyodi and
Adiyodi (1970), quoting Carlisle (1953), Otsu (1963), Payen et al.
(1967) and Juchault and Legrand (1967), argue that ovary-inhibiting
hormone (OIIT) and testis inhibiting hormone (TIH) are different from
onc another and termed the inhibitory hormone in both sexes as GII.
Quackenbush (1991) agrees to this, argument and Chang (1992) finds
little reason to suspect that OlII and vitellogenesis inhibiting hormone
(VIII) mentioned by various workers are different {rom that of GIH.
GII appears to be present not only in adult but also in immature stage
as well. In Potamon dehaani, eyestalks of immature crabs of both sexes
have been stated. to contain the hormone (Otsu, 1963). When
vitellogenesis is already in [ull swing, eyestalk ablation does not
perceplibly accelerate ovarian growth, suggesting that during this
period the synthesis of GII and/or its release from eyestalk into gonad
circulation may be very low (Adiyodi and Adiyodi, 1970).

Many workers suggest that GIH is produced by the XO-SG
complex in alternation with MIH (Laufer and Landau, 1991;Yano,
1992a). In adult female of scveral species of decapods cyéstalk ablation
results not only in moulling, as in juveniles and some adults, but also in
premature yolk deposition in the ovary, both during the non-breeding
season and in certain species like Paratelphusa hydrodromous (Gomez,
1965) and Scylla serrata (Rangneker and Deshmukh, 1968) even in
prepubertal stages. Adiyodi (1980) suspects that MIH and GIH
represent a single hormone i.e. growth restraining hormone (GRT) that

exercises its influence on the target processes namely, growth and



reproduction. Crustacean eyestalk contains hormone that inhibits moult
and reproduction, but the course of events initiated by eyestalk ablation
varies with spccies, age of individuals, season and other factors
(Adiyodi, 1985; Quackenbush, 1986; Iingerman, 1987). The
production of GIH. has bcen shown to be seasonal (Adiyodi and
Adiyodi, 1970; Bomirski and Kelk, 1974; Kelk-Kawinska and
Bomirski, 1975).

Subramoniam and Keller (1993) demonstrated the inhibition of
oocyte growth in shrimp, Atytephra desmaresti, by administration of
sinus gland extract from the lobster, Homarus americanus.
Quackenbush and Kelley (1987) showed that partially purified eyestalk
extract from the shrimp Penaeys vannamei could inhibit ovarian
synthesis of vitellogenin in the crab, Uca pugilator in vitro, while
Lastman-Reks and Fingerman (1984) found inhibition of vitellogenin
production in ovaries of cultured crab. Interestingly almost all the GIH
bioassay thus for found have been heterologous, implying lack of
species specificity of this peptide (Subramoniam and Keller, 1993).

GII is thought to exert its effect directly on the ovary and
hepatopancreas in vivo, since eyestalk extract inhibits protein synthesis
by ovaries in cultured species (Paulus, 1984; Paulus and Laufer, 1987;
Quackenbush, 1989; Yano, 1992a). The fact that cyclic AMP
(Adenosine monophosphate) can mimic this inhibitor suggests its
function as an intermediate (Eastman-Reks and Fingerman, 1984). The
putative target tissue of the GII1 probably responds to eycslalk ablation
by rapid increase in biosynthetic activity of -yolk proteins
(Quackenbush, 1989).

Primary action of GIH in females apparently occurs during the
seéondary vitellogenesis, the time when ovary increases dramatically in
size duc to synthesis and uptake of yolk proteins produced in either

follicle cells or extra ovarian sites (Quackenbush, 1991; Chang, 1992).
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But in P. hydrodromous there is evidence to show that GIH principally
inhibits the primary vitellogenesis in these crabs, however, its effects
on secondary vitellogenesis is far [rom impressive (Kurup and Adiyodi,
1980). Alternatively GII1 may have non-ovarian target or in fact there
may be morc than onc eyestalk factor, which inhibit ovarian growth
(Laufer et al., 1992).

Kallen and Meusy (1989) have advanced the theory that GIH is
similar in structure and not different from crustacean hyperglycemic
hormone (CHIT). There arc indications that moult -inhibition and
hyperglycemic aclivity are associated with the same peptide as
demonstrated in the lobster /1. americanus (Chang et al., 1990; Soyez
et al.,, 1991) and in the shore crab, Carcinus maenas (Websler and
Keller, 1986). A similar immunological study in the lobster indicates
that GII1 and CHI share common antigens (Subramoniam and Keller,
1993).

2.3.2.2 Other inhibitory factors

The androgenic pgland, which is responsible for the
masculinisation of the animals, seems to produce a number of
compounds including farnesyl acetone, a molecule similar in structure
to methyl farnosoatc (F(;I‘ZOH et al., 1978), which inhibit ovarian
lipovitellin synthesis in vitro (Berreur-Bonnenfant and Lawrence,
1984). 0

It is well known that biogenic amines release peptide
neurohormones from neuroendocrine structures in several crustaceans
(Fingerman, 1985). Certain biogenic amines (octamine and serotin)
inhibited by methyl farnosoate synthesis in Libinia emarginata
(Homola et al., 1989). Serotin has been found to induce the release of
GIH from isolated cyestalk of crab (Mattson and Spaziani, 1985).

These biogenic amines may stimulate release of GIH from XO-SG



complex in crustaceans (Yano, 1992a). Landau et al. (1989) found that
pigment dispersing hormone (PDH) significantly inhibit mandibular
organ synthesis of methyl farnosoate in Procambarus clarkii.
Quackenbush and Ierrnkind (1983) reported that partially purified GIH
could not be separated from PDH. Thus in some cases the functions of
pigment dispersal and gonad inhibition may be performed by the same

or similar molccules (Laufer et al., 1987b).

2.33 Stimulatory factors for control of reproduction
2.3.3.1 Gonad stimulating hormone (GSH)

A second decapod reproductive neurohormone is found in the
brain and thoracic ganglion ('[‘Gj, which acts to stimulate ovarian
development in shrimps, crabs and lobsters. The concept of
‘bihormonal system’ was [irst proposed by Otsu (1960,1963). Otsu
(1963) after working with Potamon dehaani and Yano and Wyban
(1992) with Penaeus vannamei suggested its existence because eyestalk
ablation caused precocious ovarian growth in adult, but not in
juveniles. This led them to reason that not only was the absence of GII1
required for bvaﬁan growth in adult, but the presence of a stimulatory
hormone was also necessary. Otsu (1963) also observed that
implantation of adult TG was cffective in triggering maturation of
ovary in cycstalk ablated juveniles. The experiments of Hinsch and
Bennett  (1979) using L. emarg,vinam, Gomez (1965) using P.
hydrodromous with both brain and TG and Takayanagi et al. (1986b)
using the shrimp, Paratya compressa also proved that GSH from TG
has a role to play in ovarian maturation. Extracts of TG of reproductive
Uca pugilator stimulates ovarian growth in adult crabs (both intact and
ablated) while TGE from non-reproductive crabs has no effect on
normal crabs and actually inhibited ovarian growth in ablated crabs

(Eastman-Reks and Fingerman, 1984). Nagabhushanam et al. (1988)
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found that GSH from brain was more effective than that from the TG in
stimulating ovarian growth in Macrobrachium kistensis. Yano and
Wyban (1992) propose a GSH-releasing hormone (GSH-RH) from
brain of the P. vannamei. From all thesc findings, Yano (1992b)
speculates that in immature {emales the ovarian stimulating principle is
absent or yet not functioning. Yano (1992b) found that TGE prepared
from maturing females is effeclive in increasing serum vitellogenin
(Vg) in P. japonicus and suggested that GSH also stimulates Vg
synthesis and/or secretion into the blood in penaeid shrimp. He further
noted that brain extract prepared from maturing females induced Vg
secretion in P. japonicus suggesting a brain hormone stimulate release
of GSH in penaeid shrimps.

Implantation of brain and TG into the male Peratelphusa
hydrodromous result in precocious maturation of testis and even in
hypertrophy of the vas defcrens (Gomez, 1965). This observation
together with the finding of Otsu (1963) that the TG effectively
accelerated ovarian development in young female of Potaman dehaani
and the experiment of Yano et al. (1988) where the TG implantation of
mature female H. americanus into P. vannamei induced ovarian
growth, suggest that GSH is effective in both sexes in the different
genera and is present in TG as well as in the brain of crabs and shrimps.

The role of GSH appears to be dual in that it prbmotes oocyte
growth and prevents y-organ (YO) activity; the latter is accompanied
cither directly or indirectly by raising the level of MIH and/or lowering

the level of GIH (Adiyodi and Adiyodi, 1970).

2.3.3.2 Juvenile hormone (JH)
The role of terpenoid hormones unique to arthropods and
collectively known as Juvenile hormone (JH) or juvenoid has been

established in insect reproduction (Raabe, 1982; Laufer er al., 1992).
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Downer and Laufer (1983) proposed that JHs appear not only in the
development of insect larval stages, but also in the regulation of
reproduction. In recent years attention has been focused on another
gland, the mandibular organ as a source ol gonad stimulating factors in
decapod crustaceans (Subramoniam and Keller, 1993). Since both the
arthropod subphyla, the Insecta and Crustacea, arc already known to
regulatc moulting with identical hormone, 20-hydroxy ecdysone
(Karlson, 1956; Hampshire and Iorn, 1966; Laufer et al., 1987b), it is
- speculated that the crustaceans may also have a functional JH for
development and reproduction (Chang et al., 1992; Laufer et al., 1992).
This view is supported by consideir)able literature. There are reports of
insect JH or related compounds having biological activity in crustacea
and of crustaccan tissue having JI activity in insects. Schniederman
and Gilbert (1958) detected some JH activity in the eyestalk of the
crustacea. Laufer et al. (1987a) identified a sequiterpenoid compound
methyl farnosoate in thc mandibular organ as well as in the
haemolymph of the spider crab. The methyl farnosoate, the immediate
precursor of the insect JH 1II, has been shown to be present in several
decapod crustacean species (Lauler et al., 1986). In addition, the
mandibular organ of decapod crustacean is structurally similar to the
corpora allata of insccts (Chandennert, 1956; Le Roux, 1968; Byard et
al.,, 1975). After critically reviewing the literature in this field
Subramonjam and Keller (1993) proposed methyl farnosoate as the
crustacean juvenoid probably involved in the stimulation of
vitellogenesis and farnesoic acid as a pre-hormone which could
undergo conversion to methyl farnosoate or even JH III in the target
tissues.

Landau er al. (1989) noticed that red pigment concentrating
hormone (RPCH) significantly stimulates the rate of inhibited synthesis

of methyl farnosoate by the mandibular organ of the crayfish,
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Procambarus clarkii. Experiments of Laufer and Landau (1991) also
indicated that RPCH has mandibular organ stimulating activity in P.

clarkii and Libinia emarginata.

2.3.3.3 Steroid hormones _

Steroid hormones have been localized by several methods in
many crustacean tissues (Skinner, 1985; Fingerman, 1987). Steroid
hormones other than the ecdysone have been found in crustacean eggs,
ovarian tissue and the mandibular organ (Couch and Hagino, 1983;
* Adiyodi, 1985). The location of these steroid hormones, progesterone
and estradiol suggests that they may have a role in regulation of
reproduction in crustaceans (Fairs et al., 1989, 1990; Quackenbush,

1991; Quinitio et al., 1991; Young et al., 1992).

2.3.3.3.1 Ecdysteroids (ECDs)

The moulting hormone (MI), ccdysone is known to play a role in
insect reproduction and therefore may act in a similar fashion in
crustaceans (I,aufer and Iandau, 1991; Laufer et al., 1992).

Crustaceans resemble insects in that MII secreted by the y-organ
is not required for the maintenance of the gonad once puberty is
attained (Adiyodi, 1969). There is now growing evidence to suggest
that in insects and crustaceans, ECDs which are primarily MIH (Adiyodi
and Adiyodi, 1970) are also present in adult life to stimulate the ovarian
growth (Adiyodi, 1980). Prepubertal growth and development of
gonads appear to be part of the normal genetically determined growth
process and ECDs may have a role in post-pubertal development
(Adiyodi, 1985). Lachaisc and Hoffman (1977) were successful in
detecting ECDs, especially eccdysone in ovaries of crab C. maenas,
whose titre in ovary registered a gradual increase with the process of

vitellogenesis, with peak levels detected on termination of the process.
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Young et al. (1993) suggested that ECDs rﬁay be synthesized or get
accumulated in the gonads. Chang (1992) has observed that y-organ
removal can result in either stimulatory or inhibitory effcct on
vitellogenesis depending on species, age and stage in the moult stage
and reproductive cycle. Young et al. (1993) have opined that though
ECDs are primarily moulting hormones, they may also have secondary

cffect on reproduction.

2.3.3.3.2 Other steroids

Lvidence from scattered works suggest that the crustacean ovary
might play a role in the biosynthesis of steroid hormones. Lisk (1961)
confirmed the estrogenic compound reported by Donahue (1957) in H.
americanus to be 17 f-cstradiol. Subscquently, Teshima and Kanazawa
(1971) have found that the ovaries of Portunus trituberculatus possess
the enzymc involved in the conversion of progesterone to
hydroxyprogesterone, testosterone and deoxycorticosterone. Teshima
and Kanazawa (1971) detecled progesterone and testosterone in the
ovaries of Panulirus japonicus.

A number of steroids including testosterone, progesterone and
pregnenolone have been identified in the gonads and serum of the cray
fish Astacus leptodactylus and lobster, J. americanus (Burns et al.,
1984; Ollivier et al., 1986) and thc shrimp, P. monodon (Young et al.,
1992).

2.3.3.4 Other factors

Tenson e al. (1989) found a stimulatory effect on oocyte growth
of the shrimp, Palaemonetes varians by a peptide of H. americanus,
which is similar to that of crustacean hyperglycaemia hormone (CHEI).
The possible existence of such an ovary stimulating hormone in the

sinus gland and working of this peptide antagonostically to GIH or
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synergistically with the putative GSH is yet to be evaluated
(Subramoniam and Keller, 1993).

From the investigation of Richardson et al. (1991) on the effect
of 5-hydroxy-tryptoamine on ovary devclopment in the fiddler crab,
Uca pugilator, it is speculated that this biogenic amine might release
the GSH from brain/thoracic ganglion (Subramoniam and Keller,
1993).

Beltz (1988) reporied that octamine and serotin not only affect
the mating behavior of lobster, H. americanus but also affect MH
production, which may be an internal manifestation of gonad
maturation. According to Laufer and Landau (1991), the same may
play a role in the shrimp reproduction.

The interesting possibility of the involvement of prostaglandins
in the penaeid shrimp reproduction has been suggested by Middleditch
et al. (1979) and supported by D’croz et al. (1988).

2.4 METHODS OF INDUCING MATURATION IN PRAWNS
Securing of ripe spawners from wild is costly and uncertain. This
has generated interest in the induced maturation of prawns under
controlled conditions. Development and management of shrimp
broodstock is now an integral part of hatchery (Muthu and
Laxminarayana, 1982; Muthu, 1983). Male shrimps generally mature in
captivity so that induced maturation mainly concerns females and so
studics on reproduction have predominantly focused on female
maturation (Primavera, 1985,1988). To avoid dependence entirely on
natural brood stock, and to have a year round halchcry operation of
freshwater prawn induced maturation in captivity is essential. Although
a number of published works on induced maturation in marine shrimps
are available, very few works have been done on this aspect in

freshwater prawns (Murugadass ef al., 1988). In general environmental,
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nutritional and endocrine manipulations are the three basic approaches
employed singly or in combination to induce ovarian maturation in

crustaceans (Primavera, 1985).

2.4.1 Environmental

All animals are known to select the niost appropriate time for
breeding. As such the fluctuations of environmental factors have a
definite influence in stimulating maturation and subsequent
reproductive processes. The important among the environmental factors
are light, salinity, temperaturc and pI. In maturation systems these

factors are sct at optimum levels.

2.4.1.1 Light

The presence of an eyestalk mediated control mechanism for
reproduction in shrimps emphasizes the importance of light on
maturation. Increase in photoperiod resulted in gonadal matﬁration of
P. japonicus (Laubier and Laubier, 1979) and P. kerathurus (Lumare,
1979) in the subtropical regions where there is a profound variation in
photoperiod with season.

Among various environmental parameters, light may play a
signiﬁcaﬁt role in maturation. Various workers have tested the effect of
light quality (Kelemec and Smith, 1980; Pudadera and Primavera,
1981), photoperiod (Laubicr and Laubier, 1979), and light intensity
(Chamberlain and Lawrence, 1981a) on different penaeid species.

Although moulting in captivity has not been observed to be
synchronized, a greater number of females moulting in the light phase
of moon is in agreement with that observed for penaeid prawns in wild
(Kirkegard and Walker, 1970). Black colour of the tank is
comparatively more suitable than other colours because it absorbs more-

light enabling the female to mature more properly (Emmerson, 1980).
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2.4.1.2 Temperature

Temperature of water in the maturation facility is found to
influence the rate of all physiological functions including the rate of
maturation. Controlling temperature has been instrumental in inducing
maturation in temperate prawns such as P. japonicus (Laubier, 1978)
and P. esculentus (Crocos and Kerr, 1986). However in tropics this

technique is less elfective.

2.4.1.3 Salinity

Salinity as a [actor has a profound influcnce on gonadal
development. For normal development of gonad optimum levels of
salinity is to be maintained. Studics on the influence of salinity on
reproduction of palacmonids arc very limited. .

Salinity is known as a major factor limiting the reproductive
capability of thosc Macrobrachium, which undertake breeding
migration. Ignatius (1989) observed that a salinity level of 6-12 ppt is
congenial for ovarian devclopment as compared to a lower level of O
ppt and higher level of 18 ppt in M. idella. In many species as in M.
rosenbergii, the early growth phase is spent in the upper stretches of the
rivers and the adults migrate to lower reaches for breeding. The number
and size of egg in M. nipponense in {reshwater is found to be different

from those living in brackishwater region (Moshika, 1983,1984).

24.14pH

pH as a factor is known to influence the gonadal development. A
higher pH of 8.2 induces maturation in P. indicus (Muthu et al., 1984).
Similar higher values of pH such as 7.1-8.6 (Emmersbn, 1980), 7.8-8.1
(Primavera et al., 1982), 8.2 (Aquacop, 1983), 7.1-8.6 (Emmerson et
al., 1983) for P. indicus and 8.2 (Aquacop, 1977,1979,1980,1983), 7.8-



8.1 (Primavera, 1978), 7.9-8.1 (Pudadcra and Primavera, 1981), 7.8-8.0
(Ruangpaint et al., 1981) for P. monodon have been reported. The
optimum pIl reported for M. rosenbergii is 7.0-8.5 (New and
Singholka, 1982).

2.4.2 Nutritional method

Nutrition is profoundly important for reproduction and success of
reproduction closely relates to nutrient ingestion accompanying ovarian
development (Bray and Lawrence, 1992). Live or fresh frozen
components used arc expensive, may deteriorate water quality and vary
in nutritional quality with specics, age, maturation state, season and
location (Bray et al., 1990). Broodstock are generally fed ad libitum
with fresh and frozen clam (Muthu and Laxminarayana, 1979), squid
meal (Aquacop, 1975,1977,1979), marine worms (Ponnuchamy et al.,
1981), shrimp (Beard et al., 1977), fish (Halder, 1978,1980),
supplemented with dried pellets (Moore et al., 1974; Aquacop,
1977,1979).

The effect of ascorbic acid on the sperm and spermatophore
quality of P. vannamei has been recently documented (Leung-Trujello
and Addison, 1990). Generally diets containing artificial and natural
food give the best results (Galgani et al., 1989).

o
2.4.3 Endocrine methods
2.4.3.1 Use of exogenous hormones

Crustacean gonads secrele steroids more usually identified with
vertebrate and also possess the enzymatic capacity to synthesize
vertebrate sex steroids (Burns et al., 1984). Donahue (1940, 1948)
found that estrogen in the ovary of Panilurus argus and showed that
testis of Homarus americanus contains testosterones. Human chorionic

gonadotropin stimulated oogenesis of sand shrimp Crangon crangon
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(Bomirski and Kelk, 1974) and vitellogenin synthesis in Idothea
balthica (Souty and Picaud, 1984). Similarly, Kulkarni and
Nagabhusanarh (1979) in Parapenaeopsis hardwickii and Yano (1985)
in Metapenaeus ensis rcported that progesterone produced ovarian
maturation. In Crangon crangon, bouine gonadotropin follicle
stimulating hormonc and leutinizing hormone produced ovarian
maturation (Zukowska-Arenda rezyk, 1981). Kulkarni er al. (1979)
reported that there is significant difference in oocyte diameters of
progesterone injected and control prawns of Parapenaeopsis
hardwickii.

Jhonson (1995) conducted an experiment on induced maturation
of Penaeus indicus using exogenous hormone. He revealed that
complete development of ovary and spawning of shrimp could not be
achieved by the mere application of progesterone or tocopherol, in the

presence of endogenous GILH {rom the eyestalk.

2.4.3.2 Eyestalk ablation 5

Removal ol eyestalk results in precocious maturation of ovaries
(Panouse, 1943) and testis (Demeusy, 1953). Subramoniam (1988)
reported that interbreeding and inter moulting period can be shortened
by eycstalk ablation. The knowledge of the x-organ sinus gland
complex secreting hormones having inhibitory roles on the
reproduction and moulting process has led to the extensive use of
cyestalk ablation technique (o induce maturation in prawns. A number
of workers tried to induce maturation in the shrimps and prawns by
resorting to cyestalk ablation. (Table. 2)

With the increasing knowledge of endocrine activity and its
control on gonadal development in crustaceans, the technique of
eyestalk ablation is receiving increased acceptance as a method of

inducing precocious maturation of ovary and subsequent spawning,.
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Destalking has been accompanied through different methods. The
simplest method is to cut the eyestalk near its base with a pair of sharp
scissors (Arnstein and Beard, 1975; Lumare, 1979). However this leads
to profuse blecding in delicate species and results in high mortality.
Caillouet (1973) performed ablation by cutting the eyestalk near the
base with the help of sharp scissors and the wound cauterized
immediately with a pencil type soldering iron to avoid loss of
haemolymph. Primavera (1978) incised the eyeball with a sharp blade,
allowed the {luid to ooze out and then squeezed out the content of the
eycball outwards two to three times lo destroy the tissue. Rodriquez
(1979) crushed out the eyestalk by pressing between fingers. The last
two methods are suited only for hard-shelled species like P. monodon.

Muthu and Laxminarayana (1979) used medial electrocautery
apparatus to accomplish destalking, such a method resulting in
simultancous cutting and sealing of the wound thus ensuring 100
percent survival of the destalked animals.

Makinouchi and Primavera (1987) comparing different technique
of ablation in P. indicus reported 90-100 percent survival in eyestalk
cauterized females, which was comparable to the unablated treatment.
Significantly low survival rate wag recorded in females, which were
ablated by pinching resulting {rom stress.

Ablation has been done both unilaterally and bilaterally and the
later resulted in high initial mortality. In this case though full
devclopment of gonads was obscrved, spawning did not take place, the
ovaries regressed gradually and the prawns died within a month. Loss
of balance and spiral movement were also observed (Caillouet, 1973;
Aquacop, 1975). However, Alikunhi et al. (1975) and Rajyalakshmi et
al. (1988) reported spawning in bilaterally ablated prawns.
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Table 2. Eyestalk ablation experiments on reproduction in Shrimps

and Prawns

P. duorarum

P. indicus

P. japonicus

P. kerathurus
P. merguiensis

P. monodon

P. orientalis
P. semisulcatus
P. setiferus

P. swylirostris

P. vannamei

Caridina rajadhari

Species Source
Artemesia longinaris Petriella and Diaz (1987)
Penaeus canaliculatus Chgy (1987)

Idyll (1971); Caillouet (1973)

Emmerson  (1980); Muthu and
Laxminarayana (1979); Primavera et
al. (1982); Makinouchi and Primavera
(1987)

Oltra and San Feliu (1990)

Lumare (1979); Oltra and San Feliu
(1990)

Alikunhi et al. (1975); Beard et al.
(1977)

Alikunhi et al. (1975); Chen (1977);
Aquacop (1977,1979,1980); Santiago
(1977); Halder (1978); Primavera
(1979); Rodriquez (1979); Primavera
and Boroglan (1977); Rajyalakshmi et
al. (1988); Beard and Wickins (1980);
IEmmerson (1983); Pernomo and
[Tamami (1983); Sudarsanam et al.
(1990); Lumare et al. (1996)

Arnstein and Beard (1975)
Browdy and Samocha (1985a)
Brown et al. (1979)

Aquacop (1979); Chamberlain and
Lawrence  (1981b); Bray and
Lawrence (1990)

Aquacop (1979); Chamberlain and
Lawrence (1981b); Yano and Wyban
(1993)

Persis and Sarojini (1985)
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Table 2. Continued

Species Source

Macrobrachium equidens Bijulal (1994)

M. idella idella Jayachandran and Jose (1993);
Shegine (1998)

M. malcolmsonii Murugadass et al. (1988)

M. nobilii Kumari and Pandian (1987)

M. rosenbergii Huang et al. (1981); Chakravarty

(1992); Koshio et al. (1992); Wilder et
al. (1994); Karplus and Hulata (1995);
Perez Cruz et al. (1995); Sanjeeviraj
et al. (1997); Okumura and Aida
(2001)

The high mortality and inability to spawn after bilateral removal
of eyestalk prompted rescarchers to abandon this method (Muthu and
Laxminarayana, 1982). -

Temporal synchronization of eyestalk with moult cycle is an
important factor for the production and synchronization of egg
production. and relating reproduction (Emmerson, 1980). Ideally,
ablation should be undertaken during intermoult for maturation to
follow; during premoult, leads to moulting éubsequenlly longer latency
period (Aquacop, 1979; Primavera, 1979) and during post moult to
morfality because of added stress of the {emale and excessive loss of
hacmolymph (Aquacop, 1979). Animals ablated early in the moult
cycle get cnough time between ablation and spawning (Browdy and
Samocha, 1985a).

The latency period from the ablation to the onset of maturation
depends on age, source of broodstock and the stage of moult cycle
(Muthu and Laxminarayana, 1982). The number of moults before
which maturation is induced is reduced by eyestalk ablation (Aquacop,

1982; Crocos and Kerr, 1986).
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Browdy and Samocha (1985a) reported a significant decline in
mating success in ablated P. semisulcatus females. Muthu and
Laxminarayana (1984) conducted: artificial impregnation in unilaterally
ablated specimens of P. indicus and reporied that such a technique can
yicld viable egg which could be reared to post larval and subsequent
stages. Eyestalk ablated specimens of P. canaliculatus mated at much
smaller sizes (Choy, 1987). Petriella and Diaz (1987) reported that
unilateral eyestalk ablation accelerates gonadal maturation and more
than doubles the individual moulting rate in Artemesia longinaris.
Sudarsanam et al. (1990) reported higher moulting in ablated P.
monodon compared to non-ablated.

The number of eggs spawned may vary according to species. The
effect of unilateral ablation on spawn size is potorly defined (Browdy
and Samocha, 1985a; Primavera et al., 1982) and Santiago (1977)
reported no significant effect of ablation on fecundity. Microscopic
examination suggested the progeny of unilateral ablation to the normal
and viable (Santiago, 1977). Increased in fccundily has been
demonstrated in ablated females ilii a number of species (Primavera,
1985). Murugadass et al. (1988) reported that ablated M. malcolmsonii
carried more clutches of eggs and that there was an increase in the
number of eggs per clutch. Egg production in ablated species was
double in comparison to unablated control. Choy (1987) reported lower
fecundity in ablated P. canaliculatus. ’

The number of larvae produced depends on the factors like
female size, fertility of males and occular ablation (Foltschmit and
Romero, 1991). While eyestalk ablation leads to predictable maturation
and spawning it has been reported that ablation of captivity reared
females result in reduced hatch rates (Lumare, 1979; Emmerson, 1980;
Primavera and Posodas, 1981). Employing different types of ablation
Makinouchi and Primavera (1987) noticed that the hatching rates of



31

unablated P. indicus were significantly higher than females ablated by
pinching the eyestalk, but not from those ablated by tying and cautery.
The inconsistent quality of eggs particularly with successive spawning
has been attributed to the abnormal rapidity of maturation and over
stimulatory following ablation. This decline in egg fertility limits the
reproductive lifc of ablated specimens necessitating the replacement of
broodstock few weeks after ablation (Aquacop, 1975; Beard and
Wickins, 1980; Simon, 1982; Primavera, 1983).

Browdy and Samocha (1985a) did not find any reduction in hatch
rates insubsequent spawning within an intermoult period and concluded
that a single mating is sufficient to fertilize four spawnings in P.
semisulcatus. The number of larvae produced is known to have
increased by the synchronization of moult cycle and reproductive cycle.
Hatching success between ablated and unablated treatments did not
vary in P. vannamei (Chamberlain and lawrence, 1981a, b), P.
stylirostris (Chamberlain and Lawrence, 1981b) and P. semisulcatus
(Browdy and Samocha, 1985a). Decrease in hatching success for
successive spawning has been observed for ablated P. monodon
(Primavera and Boroglan, 1979; Emmerson, 1983) and P. indicus
(Emmerson, 1980). While no such change was evident in unablated
females.

According to Browdy and Samocha (1985a) deterioration in
sperm quality described By many authors is a direct result of worsening
conditions of animals over time and is not an effect of ablation. The
extent to which females can remature is important in terms of recycling
spawners. Unilaterally ablated female prawns repeatedly mature and
spawn viable eggs (Aquacop, 1979,1982; Lumare, 1979; Brown et al.,
1980; Beard and Wickins, 1980; Lawrence et al., 1980). Yano and
Wyban (1993) showed that eyestalk ablation increased spawning

frequency in female Penaeus vannamei under tank culture conditions.
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Experiment conducted by Racotta et al. (2000) revealed that the
proportion of spawning females and spawning frequency was greater
for ablated females than unablated females of P. vannameli.

Lyestalk ablation in males has received little attention despite the
demonstration of male ablation yielding increased gonad size and
precocious development (Adiyodi®and Adiyodi, 1970;Young, 1971;
Lawrence et al., 1979).

Several experiments were also carried out on freshwater prawns.
Huang et al. (1981) studicd the effect of eyestalk ablation on growth
and moult of M. rosenbergii and found shortening of moult interval in
ablated individuals. Kumari and Pandian (1987) reported that unilateral
eyestalk ablation in juvenile Macrobrachium nobilii advanced the onset
of sexual maturity. Chakravarty (1992) noted that ablation of eyestalks
induces precocious moulting and accelerate growth in male prawn of
M. rosenbergii. Wilder et al. (1994) observed that methyl farnosoate
administration induced vitellogenin production in ablated M.
rosenbergii. Bijulal (1994) observed that in female M. equidens
destalking does not stimulate growth but there is betler response for
reproduction, where as in males there is belter response to growth.
Karplus and TIHulata (1995) found the differential effect of eyestalk
ablation on laggards and jumpers of M. rosenbergii. A marked
enhancement of growth rate in laggards via shortening of moult cycle
interval and increasing the size increment per moult is in contrast with
a lack ol an effect on growth rate in male jumpers.

Soundarapandian et al. (1995) successully carried out induced
maturation through cyestalk ablation and cross breeding of M.
malcolmsonii and M. rosenbergii. Sanjeeviraj et al. (1997) revealed
that smaller size groups of M. rosenbergii responded quickly than the
bigger size groups in a altempt 1o increase the frequency of moulting

through eyestalk ablation. Sherine (1998) conducted an experiment on

0
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M. idella and found that destalking brings about a positive change in
the development of androgenic gland and sex characters. Okumura and
Aida (2001) reported that in bilaterally destalked males and females,
ecdysteroid level increased rapidly, and moult intervals were
significantly shortencd in comparison with control non-destalked
prawns of M. rosenbergii. These observations suggest the usefulness of

eyestalk ablation in rematuration of spent female of M. rosenbergii.
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3. MATERIALS AND METHODS

The experiment was conducted for 6o days from September to
November, 2002.

3.1 EXPERIMENTAL LABORATORY:
0
The experiment was conducted in the wet laboratory of the

Department of Aquaculture, College of Fisheries.

3.2 EXPERIMLENTAL TANKS:

The experiment was conducted in round cement cisterns and oval
fiberglass tanks. Round cement cistern having a capacity of 100 litres
served as hatching tank whereas the oval fiberglass tank having a

capacity of 800 litres used as rematuration tank.

3.3 EXPERIMENTAL ANIMALS:

Farm reared healthy berried females of M. rosenbergii from a
single aged population were brought to the Macrobrachium hatchery of
the College and maintained in oval fiberglass tanks. The length and
weight was measured for each berried females and the length and
weight varied from 145-170 mm and 35-45 g respectively. Sufficient
numbers of strong blue clawed (SBC) males of M. rosenbergii were
procured {rom the wild for mating purpose to be introduced along with
the spent females. The length and weight of the SBC males varied from
210-250 mm and 140-160 g respectively.

3.4 FEED:

The animals were fed with fresh clam meat.
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3.5 EYESTALK ABLATION:

Eyestalk ablation was cffected in the early hours of the day by
severing the left eyestalk from the body at narrow proximal end in the
region of articulaling membranc using a pair of fine sterilized scissors
(Caillouet, 1973). The ablation was donc after dipping the spent female

prawns in antibiotic (oxytetracycline - 5 ppm) treated water.

3.6 EXPERIMENTAL PROCEDURE:
3.6.1 Experiment to study the effect of eyestalk ablation on
rematuration of spent female of M. rosenbergii

Forty healthy berried fcmales were selected and individually
stocked in 40 nos. of ccment cisterns of 100 litres capacity. Estﬁnation
of larval hatch fecundity of the experimental animal was individually
carried out during first time hatching, )

Eyestalk ablation was performed in 20 nos of spent females and
remaining 20 nos kept unablatcd. Ablated and unablated females were
introduced separately in oval [iberglass tanks ol 800 litres capacity
immediately aflter hatching along li_azilh male at the ratio of 1 male: 4
females for rematuration.

Observations on moulting frequency, spawning frequency, larval
hatch fecundity and incubation period of ablated and unablated spen.t
females of M. rosenbergii were individually carried out fof the period

of Go days.

3.6.2 To study the histology of the ovarian development during
rematuration of eyestalk ablated spent female and normal spent

female at weekly intervals
Histological study of the ovary during rematuration of the
eyestalk ablated and unablated female prawns were carried out from

spent ovary to the ripe ovary at each week of development. For
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histological study, {emale prawn from the above experiment was taken
out from both ablated and unablated individuals at each week interval.

The ovaries were dissected out and fixed in aqueous Bouin’s
fixative for 24 hours.

Composition of aqueous Bouin’s fixative:

Picric acid (saturated aqueous solution) - 75ml
Formaldehyde (40 percent) - 25ml
Glacial acetic acid - 5ml

Alfter fixation, the tissues were processed following the technique
* of Pantin (1948).

Transferred to 70% alcohol.
Transferred to 90% alcohol for 2 hrs.
Transferrcd to 95% alcohol for 1 hr.

Transferred to two changes of absolute alcohol for 1 hr each.

I A

Placed the tissue in 1:1 mixture of absolute alcohol and methyl
benzoate for 30 minutes. i

6. Clearced in methyl benzoate until the tissues became transparent.

7. The tissucs were transferred to xylene saturated with paraffin wax
at melting point 58-60 °C for 6 hrs.

8. Infiltered the tissue in 2-3 changes of molten paraffin wax of

melting point 58-60 °C for 1 hr cach.

9. Embedded the tissue in paraffin wax of melting point 60-62 °C.

The blocks were sectioned at 6-8 p thickness and mounted on

glass slides. Mayer’s ITaemalum stain was used (Ilumason, 1982).



Staining technique with Mayer’s Haemalum (Humason, 1982):

Mayer’s Haemalum:

IMematoxylin - 05¢g
Aluminium potassium sulphate - 25.0g
Sodium iodate - 0.1g
Acetic acid - 20.0ml
Distilled water - 500.0 ml
Scott’s solution:
Sodium bicarbonate - 2g
Magnesium sulphate - 20g
Distilled water - 1000 ml
Eosin Y:
Eosin Y .- 2g
70% Ethyl alcohol - 1000 ml
Glacial acetic acid - Sml

Dilute with equal volume of 70% alcoho! for use and add 2-3
drops of acetic acid.
Procedure:
1. Deparaffinised and hydrated slides to water.

Stained in Mayer’s Ilacmalum — 3 minutes.

bl

Washed in running water — 3 minutes.

Blued in Scott’s solution — 3 minutes.

SIS

Washed in running water — 3-5 minutes.
Counted stained in Eosin Y- 1-2 minutes.

Dehydrated quickly througl 70% and 90% alcohols.

® N o

Dehydration cleared in xylene and mounted with DPX.



The slides were examined by light microscopy and photographed
using a binocular microscope and Nippon camera combination at high

power.

3.6.3 To study the ovarian index of eyestalk ablated and unablated
spent females of M. rosenbergii at each week interval

For ovarian index study 24 nos. of spent females of M.
rosenbergii werc used. After first time hatching 12 nos of prawn were
ablated and another 12 nos were kept unablated. The ablated and
unablated spent female prawns were kept along with male in the ratio
of 1male : 4 females for malihg separately. The ovarian index at each
week interval was cstimated rfor eyestalk ablated and unablated spent

female.

3.6.4 Experimental tank manage;:lent
3.6.4.1 Stocking’

The round ccment cisterns which served as hatching tanks were
stocked with onc berried female at a time. While the oval fiberglass
tanks which served as rematuration tank were stocked with 1 male and
4 spent females. All the spent females of both the groups were
identifiably marked by making small cut on the posterior end of
uropod.

The water levels in the hatching tank and rematuration tank were
maintained at 50 cm and 70 cm respectively. The rematuration tanks
were covered with plastic mesh nets 1o prevent escape of prawns by
jumping. IHideouts using bricks and tiles were provided at the bottom

of the tanks as a shelter for the moulting prawns to reduce cannibalism.
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3.64.2 Feeding
Tresh clam meat was given ad libitum. Feeding was done twice a
day during morning and evening, after removing the left over feed of

the previous feeding.

3.6.4.3 Water quality maintenance

Continuous mild aeration was provided to ensure sufficient
dissolved oxygen. About 20% of the water in the tanks was exchanged
daily by siphoning and refilling. The exuviae, feed remnants etc., were
removed during the water cxchange. The animals were closely
examined for health and to assess their number ciuring morning, noon,

evening and night.

3.7 ANALYSIS OF WATER QUALITY PARAMETERS:
The following instruments / methods were used for the analysis

of water quality parameters.

Dissolved-oxygen : Winkler’s method (Strickland and Parsons, 1972)
pIl : By using Universal indicator (Qualigens)
Temperature : By using Mercury thermometer of 0 t0100 ¢ C

3.8 EVALUATION METHODS:

3.8.1 Moulting frequency: (Guary et al., 19706)

All the rematuration tanks were checked four times a day (morning,
noon, evening and night) for presence of exuviae. Moulting frequency
was recorded individually on the basis of presence of exuviae in the
rematuration tanks for both ablated and unablated females for the

period of 60 days.
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3.8.2 Spawning frequency: (Murugadass etal., 1988)

Rematuration tanks were checked four times a day (morning, noon,
evening and night) for presence of berried female. Spawning frequency
was recorded individually on the basis of presence of berried female in
the rematuration tanks for both ablated and unablated fernales for the

period of 60 days.

3.83 Larval hatch fecundity: (Ang and Kok, 1991)

Hatching tanks were observed twice a day (morning and night)
for presence of larvae. Larval hatch [ccundity was recorded for first and
second time hatching in both ablated and unablated prawns
individually. Larval hatch fecundity was counted by collecting the
hatched larvae into plastic bucketl from hatching tank. The volume of
water in the bucket was brought down to 2 litres. The larval hatch
fecundity was estimated from the average of three samples taken after

stirring the water to ensure uniform distribution.

3.8.4 Incubation period:

Incubation period in number of days was recorded individually
for eyestalk ablaled and unablated berried females (Rao, 1986; Bijulal,
1994).

3.8.5 Ovarian index (OI):
The ovarian index was calculated for cach wecek interval {or both
eyestalk ablated and unablated female prawns using the following

formula (Adiyodi and Adiyodi, 1983).

Wet weight of ovary

Ol = - x 100
Wet weight of body




For this purpose, the animal was first weighed using a Contech
(Model CB 120) Llectronic Balance. Then the ovary was dissected out
and weight of the ovary noted. For ecach week interval Ol was

calculated from the average of 2 ovaries from one week interval time.

3.8.6 Microscopic observation of ovarian development:

Microscopic observation of ovarian development was done by
histological study in both ablated and unablated female prawn at cach
week interval. The oocyte diameter was measured from the slide using
calibrated ocular micrometer (ERMA, Japan) (ITumason, 1982).

0

3.9 STATISTICAL DESIGN AND ANALYSIS:

| In the experiment fto find out the cffeet of eyestalk ablation on
moulting frequency, spawning frequency, larval hatch fecundity and
incubation period, student’s ‘t’- test has been used for the comparison
between ablated and unablated groups. In the case of comparileon of
larval hatch [fecundity after [irst time hatching and sccond time
hatching of both ablated and unablaicd (emale prawns paired t-test has
been used. Range and mean values were calculated for observations on

waler quality parameters.



Results
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4. RESULTS

The effect of cyestalk ablation on moulting frequency, spawning
frequency, larval hatch [ecundity, incubation period, ovarian
development and ovarian index in spent females of M. rosenbergii was
evaluated using standard procedures. The details of the observations

made during the study are presented below.

4.1 EXPERIMENT TO STUDY THE EFFECT OF EYESTALK
ABLATION ON MOULTING FREQUENCY, SPAWNING
[REQUENCY, TLARVAL THATCH TECUNDITY AND
INCUBATION PLERIOD OF SPENT FEMALE OF M.
ROSENBERGH 0

The data of the experiment to find out the effect of eyestalk
ablation on moulting fre;quency, spawning {requency, larval hatch
fecundity and incubation period in spent female prawns for 60 days

period are given below. The cxperiment was conducted using 28

numbers of spent females of M. rosenbergii.

4.1.1 Effect of eyestalk ablation on moulting frequency

The moulting frequencics in ablated and unablated spent females
o[ M. rosenbergii are presented in Table 3.

The highest moulting {requency noticed in ablated female was 3
and 2 in the casc of unablated during the experimental period. The
average number of moults was 1.93 per female in the case of ablated
and 1.50 in unablated spent females of M. rosenbergii. Comparison of
average moulting frequency by student’s t-test showed that there is

significant increase in moulting frequency after eyestalk ablation.
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Table 3. Moulting frequency in eyestalk ablated and unablated

spent females of M. rosenbergii for 60 days

Ablated Unablated
Sr. Size of animal Size of animal
No. [TLength | Weight | MP* | W8 [Mengih | Weight | MF* | Aerse
(cm) ® (cm) (®
1 15.5 42.0 2 14.5 35.5 2
2 16.5 355 2 16.5 420 1
3 14.5 39.0 3 15.5 43.5 2
4 15.5 420 2 16.0 36.5 1
5 14.5 35.0 2 14.5 35.0 2
6 16.5 440 2 106.6 36.0 2
7 14.5 39.0 2 15.5 38.0 2
8 15.5 40.5 2 1.93 14.5 35.0 1 1.50
9 16.0 38.5 1 14.5 35.5 2
10 15.5 38.0 2 17.0 45.0 1
11 16.0 43.5 2 16.5 42.0 1
12 15.0 42.5 2 15.5 40.0 1
13 14.5 40.0 1 14.5 39.0 2
14 15.5 39.0 2 15.6 43.5 1

* MI-Moulling frequency

4.1.2 Effect of eyestalk ablation on spawning frequency

The spawning [requencies of cyestalk ablated and unablated
spent females of M. rosenbergii are presented in Table 4.

Table 4 showed that the average number of spawns was 1.71 in
the case of ablated ones and 1.28 in unablated spent females of M.
rosenbergii. Student’s t- test showed that there is significant increase in
average spawning [rcquency afler eyestalk ablation of spent female of
M. rosenbergii. In the present study it was observed that in the case of
ablated spent females 89% of the moults were berried and 11% were
ncuter while in the case of unablated spent females 86% of moults were
berried and 14% were ncuter. Thus it could be seen that eyestalk
ablation not only increased moulting frequency but also frequency of

berried moults in spent females of M. rosenbergii.
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9

Table 4. Spawning frequency in eyestalk ablated and unablated

spent females of M. rosenbergii for 60 days

Ablated Unablated
Sr. Size of animal Average Size of animal ' Average
No. | Length | Weight | SF* Sl‘: 8¢ " Length | Weight | SE* SI«: g
(cm) (8) (cm) (®)
1 15.5 42.0 2 14.5 35.5 2
2 16.5 35.5 2 16.5 42.0 1
3 14.5 39.0 2 15.5 43.5 1
4 15.5 42.0 2 16.0 36.5 1
5 14.5 35.0 1 14.5 35.0 1
6 16.5 44.0 2 16.6 36.0 2
7 14.5 39.0 2 15.5 38.0 1
8 | 155 | 405 | 2 | 7 145 | 350 | 1 128
9 16.0 38.5 1 . 145 35.5 2
10 15.5 38.0 2 17.0 45.0 1
11 16.0 43.5 1 16.5 42.0 1
12 15.0 42.5 2 15.5 40.0 1
13 14.5 40.0 1 14.5 39.0 2
14 15.5 39.0 2 15.6 43.5 1

*STF- Spawning [requency

4.13 Effect of eyestalk ablz;ﬁon on larval hatch fecundity

Larval hatch fecundity recorded during first time and second time
hatching of eyestalk ablated and unablated spent females of M.
rosenbergii arc presented in Table 5 and Table 6 respectively.

The average larval hatch fecundity per female of M. rosenbergii
was 21923 during first time hatching (before ablation) and 17423
during second time hatching (after ablation) for ablated group. In case
of unablated group the average larval hatch fecundity was 21410 during
first time hatching and 16147 during second time hatching. From the
averages of larval hatch fecundity per female, it could be scen that there
is reduction of larval numbers -during second time hatching in both
ablated and unablated spent fex%ale of M. rosenbergii. Pair-wise
comparison of larval hatch fecundity by paired t-test showed that there
is significant decrease in the larval hatch fecundity during second time
hatching in both eyestalk ablated and unablated épent female of M.

rosenbergii.
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Table 5. Larval hatch fecundity during first and second time

hatching in ablated spent females of M. rosenbergii

Sr. Size of animal Larval hatch fecundity
No. Length | Weight | First time hatching |  Sccond time hatching
(cm) (g) (Before ablation) (After ablation)
1 15.5 420 16513 15054
2 16.5 35.5 15547 14840
3 14.5 39.0 17400 15360
4 | 15.5 42.0 27005 21946
S 14.5 35.0 13007 11334
6 16.5 44.0 29835 23079
7 14.5 39.0 22233 17320
8 15.5 40.5 22903 16387
0 16.0 38.5 229520 15413
10 15.5 38.0 24637 19347
11 16.0 43.5 27026 22107
12 15.0 42.5 24694 20082
13 14.5 400 22840 17347
14 15.5 39.0 20388 14307

Table 6. Larval hatch fecundity during first and second time

hatching in unablated spent females of M. rosenbergii

Sr. Size of animal Larval halch fecundity
No. Length Weight First time Second time
{cm) (= Iatching hatching
1 14.5 35.5 22299 17040
2 16.5 42.0 25911 20625
3 15.5 43.5 26352 20120
4 16.0 36.5 22972 16826
5 14.5 35.0 16947 13160
6 16.6 36.0 17987 13854
7 15.5 38.0 18174 14293
8 14.5 35.0 13253 8503
9 14.5 35.5 16507 12520
10 17.0 45.0 31174 21650
I 16.5 42.0 24134 18755
12 15.5 40.0 17720 12826
13 14.5 39.0 20254 16146
14 15.6 43.5 26054 19733
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Comparison of larval hatch fecundity by using student’s t-test
showed that there is no significant difference in larval hatch fecundity
of ablated and unablated spent female of M. rosenbergii during second

time hatching.

4.1.4 Effect of eyestalk ablation on incubation period

The incubation period of cyestalk ablated and unablated spent
females of M. rosenbergii are presented in Table 7. |

The incubation period ranged from 15 to 20 days with an average

of 18.8 = 1.53 days in ablated spent female while it ranged from 18 to

21 days with an average of 19.6 = 0.76 days in unablated spent female

.. )
of M. rosenbergii.

Student’s t-test showed no significant” difference in incubation
period of eyestalk ablated and unablated spent females of M.
rosenbergii.

Table 7. Incubation period of eyestalk ablated and unablated

spent females of M. rosenbergii

Sr. Incubation period (days)
No. Ablated Unablated
1 15 19
2 19 18
3 20 20
4 19 21
5 17 20
6 18 20
7 20 19
8 19 19
9 20 19
10 20 20
11 19 20
12 20 19
13 20 20
14 17 20
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42 EXPERIMENT TO STUDY THE HISTOLOGY OF THE
OVARIAN DEVELOPMENT DURING THE REMATURATION
OF ELEYESTALK ABLATED AND UNABLATED SPENT
FIEMALEL OI' M. ROSENBERGIT AT WEEKLY INTERVALS

In the experiment to study the histology of the ovary, histological
scctions of the ovaries of ablated and unablated M. rosenbergii, were
taken starting from spent ovary to the ripe ovary at weekly intervals in
order to study the histological changes of the ovary during

remaiuration.

4.2.1 Histology of ovary in M. rosenbergii

Histological studics of the ovaries of M. rosenbergii revealed the
presence of oocytes in various stages of development. During
diflerentiation, five stages of development could be identified viz.
previtellogenic, early vitellogenic, vitellogenic oocytes, late
vitellogenic oocytes and matured oocytes. The distinction of these
stages depended upon their cytoplasmic content and the size of the

oocyles.

I) Oogonial stage

Thesc are small, spherical, basophilic cells with large and round
nuclei (Plate 3). These cells are gharacterized by a prominent nucleus
containing chromatin granules and a thin layer of cytoplasm. They are
lacking slainable yolk material. In the immature ovary, oogonial cells
arc highly aggregated near the germinal zone. Oogonia develops into
previtellogenic oocyte. Oogonial cells have a diameter ranging from 30

to 35 p. The average nuclear diameter is 15 p.
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II) Pre-vitellogenic oocytes

A large amount of basophilic cytoplasm is acquired by
previtellogenic oocytes (Plate 3). Yolk formation has not yet begun.
Large dense aclive nucleus with prominent nucleolus is present. The
previtellogenic oocytes are surrounded partly by follicle cells. The

average nuclear diameter is 19 u. This oocyte has a diameter ranging

from 43 to 66 . This stage corresponds to maturity stage L.

III) Vitellogenic oocytes
This is the synthetic phase of the oocytes in which yolk synthesis
took place. This stage is marked by considerable changes in nucleus,

nucleolus and ooplasm, and is divided in to three sub stages.
a) Early vitellogenic oocytes
.These are spherical in shape with conspicuous nucleus and nucleolus
(Plate 4). Small yolk droplets appeared in a single concentric layer at
the periphery of the ooplasm, which stained purple to black with
Mayer’s Haemalum. Small round follicular cells appeared completely
around the oocytes (Plate 8A). The average diameter of nucleus is 26 p.
Oocyte has a diameter ranging from 70 to 92 p. This stage corresponds
lo maturity stage II.

b) Vitellogenic oocytes
The oocytes further increased in size. Small unstainable vacuoles
appeared in the ooplasm, which dater fused together to form large
unstainable yolk vesicles (Plate 5). Small eosinophilic yolk granules
started accumulating in the peripheral region of the oocortex. Many
yolk vesicles were found compared to carlier stage. Follicle cells
completely sﬁrround‘ the oocytes. Nucleus appeared inconspicuous.

. The nucleur diameter is 39 p. Oocyte has a diameter ranging from 95

to110 p. This stage corresponds to maturity stage III.



c) Late vitellogenic oocytes

Yolk droplets converted into yolk vesicles, which are strongly
eosinophilic (Plate 6). Most of the ooplasm including the perinuclear
region was occupied by yolk platelets (Plate 8B). The entire ooplasm
thus become acidophilic. The follicular layer becomes thinner. The
oocyte diameter ranged from 211 to 239 p. This stage corresponds to

maturity stage [V (maturing).

1V) Matured oocytes

The oocyte attained their utmost size in this phase (Plate 7). The
ooplasm is completely filled by yolk vesicles (yolk platelets). The
germinal vesicle disappears and ova increase enormously in size. No
follicle cells wcr'c scen around them and they are surrounded by a

vitelline envelope. This oocyte has a diameter up to 380 to 413 y. This

stage corresponds to maturity stage V (ripe).

4.2.2 Effect of cyestalk ablation on ovarian development in spent
females of M. rosenbergii.
Comparison of ovarian development of ablated and unabla@ed
spent female of M. rosenbergii after each week of development is

described below.

1) Spent ovaries
Spent ovarics were characterized by partially empty cordons after

oviposition (Plate 2).

2) Ovaries of female bearing eggs after one week of development
The largest oocytes in the female, which bear eggs, were
observed in previtellogenic stage in both ablated (Plate 3A) and

unablated (Plate 3B) prawns after one week of development. The mean
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size of the oocyte was 60.02 = 6.15 p in ablated and 52.03 + 7.53 p in

unablated.

3) Ovaries of female bearing eggs after two weeks of development

The largest oocytes in females bearing eggs were in early
vilellogenic stage in both ablated (Plate 4A) and unablated (Plate 4B)
after two-weeks of development. The mean size of oocyte in ablated
and unablated was 82.11 = 9.63 p and 75.02 = 5.04 . respectively.

0
4) Ovaries of female after three weeks of development
(immediately after hatching)

In ablated (Plate SA) and unablated (Plate 5B) females the

oocyles were at the vitellogenic stage after three weeks of development.

" The mean sizc.of oocyte was 103.01 + 7.53 p and 96.03 = 1.73 pn

respectively for ablated and unablated.

5) Ovaries of female after four weeks of development
(one week after hatching)
In ablated (Platc GA) and unablated (Plate 6B) females of M.
rosenbergii after four weeks of development the oocytes were at late
vitellogenic stage. The mean size of oocyte in ablated and unablated

was 235.00 = 4.53 pand 223.21 * 12.03 p respectively.

6) Ovaries of female after five weeks of development
(two weeks after hatching)
Ripe oocytes were observed in ablated (Plate 7A) and unablated
(Plate 7B) female of M. rosenbergii after five weeks of developmel;t.

No follicle cells were seen around the ripe cocytes. The oocytes were
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surrounded by a vitelline envelope. The mean size of the oocyte was
401.03 + 12.53 pin ablated and 391.01 =+ 10.30 p in unablated prawn.
From the histological obscrvations of the ovaries of female after
each week of development, it was observed that similar oocytes were
noticed in eyestalk ablated and unablated prawn after each week of
development. However, it is observed that the size of the oocytes in
ablated ones after each weck of development is slightly higher than the
unablat.cd ones. This indicales that eyestalk ablation enhances the
ovarian development. The present study delineates that the
development of oocyles in the ovary was continued when the female is

bearing the eggs between the pleopods.
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(B)

Plate 2. Photomicrographs of spent ovaries of M. rosenbergii
showing empty cordons (EC). Mayer’s Haemalum and
Eosin Y staining 6-8 p sections x 100

(A) Spent ovary of Ablated (B) Spent ovary of linahlated
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Plate 3. Photomicrographs of ovaries of female M. rosenbergii
bearing eggs after one week of development showing
Previtellogenic oocyte (PVO) and Oogonia (OO).
(Maturity stage 1) Mayer’s Haemalum and Eosin V
staining 6-8 (i sections x 100

(A) Ablated (B) Unablated
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Plate 4. Photomicrographs of ovaries of female M. rosenbergii
bearing eggs after two weeks of development showing
early vitellogenic oocyte (EVO) (Maturity stage II).
Mayer’s Haemalum and Eosin Y staining 6-8 p. sections
v 100

(A) Ablated (B) Unablated
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Plate 5. Photomicrographs of ovaries of female M. rosenbergii
after three weeks of development (immediately after
hatching) showing Vitellogenic oocyte (VO) (Maturity
stage III). Mayer's Haemalum and Eosin Y staining 6-8
fl sections x 100

(A) Ablated (B) Unablated
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Plate 6. Photomicrographs of ovaries of female M. rosenbergii
after four weeks of development (one week after
hatching) showing Late vitellogenic oocyte (LVO)
(Maturity stage IV). Mayer’s Haemalum and Eosin Y
staining 6-8 p sections x 100

(A) Ablated (B) Unablated
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(A)

Plate 7. Photomicrographs of ovaries of female M. rosenbergii after
five weeks of development (two weeks after hatching)
showing Matured oocyte stage (MO) (Maturity stage V).
Mayer's Hacmalum and Eosin Y staining 6-8 |1 sections X

100

(A) Ablated (B) Unablated
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(A)

Plate 8. Photomicrographs of ovaries of M. rosenbergii. Mayer’s
Haemaluni and Eosin V staining 6-8 p sections x 400.

A) Photomicrograph ofovary in Maturity stage II,
showing early vitellogenic oocyte with nucleus (N),
nucleolus (NO), yolk droplets (YD) and Follicle
cells (FC)

B) Photomicrograph of ovary in Maturity stage IV
showing late vitellogenic oocyte with nucleus (N),
nucleolus (NO) and volk platelets (YP)
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4.3 EFFECT OF EYESTALK ABLATION ON OVARIAN INDEX
@) |

The average ovarian indices (OI) from spent ovary to ripe stage at

each weck inferval for eyestalk ablated and unablated spent female of

M. rosenbergii are given in Table 8.

Table 8. Ovarian index of eyestalk ablated and unablated spent

females of M. rosenbergii

Average Ovarian Index
Weeks (%)
Ablated Unablated

0 (Spent) 0.43 0.42

I 0.45 0.44

11 0.54 0.47

111 0.64 0.63

1\Y 3.71 3.51

\4 9.20 9.10

“The progressive increase of Ol from week O to V for ablated and
unablated spent females of M. rosenbergii are graphically presented in
Fig.1. Generally, higher ovarian index value was observed after fourth
and fifth week in both ablated and unablated M. rosenbergii. It was
lowest in spent stage (0.43 in-4blated and 0.42 in unablated) and
highest in the fifth week (9.20 in ablated and 9.10 in unablated). It
could be seen from the Table 8 and Fig. 1 that in all the five weeks of
obscrvation ovarian index of ablated spent female of M. rosenbergii are

higher.
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Fig. 1. The progressive increase of ovarian index (OI) in ablated

and unablated spent females of M. rosenbergii
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4.4 OBSERVATIONS OF WATER QUALITY PARAMETERS
The water quality parameters such as temperature, pH, dissolved
oxygen noted during the study period are given in the Tables 9,10 and

11 respectively.

Table 9. Water temperature in gxe experimental tanks during the

study period
Temperature (°C)
Weeks Range Mean
1 24.60-26.50 25.46
2 24.50-27.80 25.96
3 24.30-27.10 25.54
4 24.50-28.10 26.04
5 24.30-26.40 25.39
6 23.10-28.10 25.84
7 24.00-26.30 25.31
8 23.80-27.10 25.11
9 25.30-26.30 25.83

Table 10. pH values observed in the experimental tanks during the

study period

H
Weeks Range | Mean
1 6.5-8.0 7.36
2 6.5-8.5 7.36
3 7.0-8.5 7.50
4 0.5-8.5 7.17
5 7.0-8.0 7.43
6 7.0-7.5 7.29
7 6.5-8.0 7.36
8 7.0-8.0 7.43
9 7.5-8.5 8.00
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Table 11. Dissolved oxygen content in the experimental tanks

during the study period
Dissolved oxygen (ppm)

Weeks Range Mean
1 6.13-6.75 6.47
2 6.34-7.30 6.76
3 6.32-7.80 7.00
4 6.28-8.10 7.71
5 6.13-7.53 6.64
6 6.23-8.10 7.37
7 6.23-8.25 6.80
8 6.03-7.93 6.81
9 6.07-7.10 6.58

It could be seen from the Tables 9, 10 and 11 that the temperature
ranged from 23.1 to 28.1 °C, pH from 6.5 to 8.5 and dissolved oxygen

from 6.03 to 8.25 ppm. All the parameters were more or less within the

optimum levels needed for the prawn M. rosenbergi.
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5. DISCUSSION

51 EFFECT OF EYESTALK ABLATION ON MOULTING

IFREQUENCY 0

The experiment conducted to evaluate the effect of eyestalk
ablation on moulting frequency in spent females of M. rosenbergii
revealed that eycstalk ablation significantly enhances the moulting
frequency. It could be seen from the result of the present study that the
average number of moults was 1.93 per female in the case of ablated
ones whereas it was 1.50 in unablated ones for the period of 60 days
(Table 3). Comparison of moulling,frequency by student’s t- test
showed that there is significant difference in the moulting frequency of
eyestalk ablated and unablated spent female of M. rosenbergii. This
revealed that there is significant increasc in moulting [requency after
eyestalk ablation in spent female of M. rosenbergii. This result is in
agrecmcn't with the known fact that eyestalk ablation in crustaccans
enhances either precocious moulting or gonadal development (Adiyodi
and Adiyodi, 1970; Caillouet, 1973; Arnstein and Beard, 1975;
Emmerson, 1980,1983).

Huang et al. (1981) studied the effect of eyestalk ablation on
growth and moult of M. rosenbergii and found shortening of moult
interval in ablated individuals. Kumari and Pandian (1987) reported
that eyestalk ablation accelerated moulting frequency in both sexes of
M. nobilii. They observed that in 330 days experiment ablated female
prawns undertook nine moults as adults while nonablated prawns
undertook four moults as adults. Murugadass et al. (1988) reported
higher moulting frequency in destalked males and females of M.
malcolmsonii as compared to control. They observed that moulting
frequency was 14 nos in destalked females as against 12 nos in control

0
females while in the case of male prawn moulting frequency was 13
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nos in destalked ones and 11 nos in control ones during the 240 days
experimental period. ‘

Inducement of precocious moulting in male prawn of M.
rosenbergii through cyestalk ablation has been reported by Chakravarty
(1992). He recorded higher moulting frequency in bilaterally ablated
males of M. rosenbergii compared to unilaterally ablated and unablated
ones during a period of 130 days. Bijulal (1994) observed enhancement
of moulting {requency in ablated fcmale prawn of Macrobrachium
equidens during 60 days experiment.

Soundarapandian et al. (1995) reported frequent moulting in
ablated female prawns of both M. rosenbergii and M. malcolmsonii
than controls. They noticed higher moulting frequency in small sized
females than in larger ones. Sanjeeviraj et al. (1997) studied the effect
of eyestalk ablation on enhancing moulting [requency in M. rosenbergii
and observed that moulting frequency was more in smaller size group
than bigger size group. Okumura and Aida (2001) reported that
eyestalk ablation caused shorlcmng of moulling interval and increase in
hacmolymph ecdysteroid levels in M. rosenbergii.

Sudarsanam et al. (1990) reported that ablated shrimps had
higher individual moulting rate compared to non ablated ones in
Penaeus monodon. Similar results were reported by Emmerson (1983)
in P. monodon and by Petriella and Diaz (1987) in Artemesia
longinaris.

An cnhancement of moulting [requency observed in the present
investigation is in agreement with the result reported by Huang et al.
(1981), Chakravarty (1992), Soundarapandian et al. (1995), Sanjeeviraj
et al. (1997) and Okumura and Aida (2001) in the same species. The
result of the present study conforms to the result reported in other

Macrobrachium species by Kumari and Pandian (1987) in M. nobilii,
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Murugadass et al. (1988) in M. malcolmsonii and Bijulal (1994) in M.
equidens. 0

Enhancement of moulting frequency of spent female of M.
rosenbergii by eyestalk ablation as obscrved in the present study is also
in agreement with the result obtained in penacid prawns (Emmerson,
1983; Petriella and Diaz, 1987; Sudarsanam et al., 1990).

The arrest of moulting activity during the incubation period of
female M. rosenbergii as observed in the present study may be because
of the presence of developing eggs in brood pouch, which are to be
hatched. Bijulal (1994) made similar observations in female of M.
equidens. The presence of developing eggs in the brood pouch delays
moulting in crustacea (Schone, 1961). Scudamore (1948) working on
crayfish found that brooding induced prolonged production of MIH in
X-organ sinus gland complex. Kamaguchi (1971) made similar
observations in freshwater prawn Palaemon paucidens. In the present
study also because of the increase in MIH production during berried
condition, moulting was arrested in female M. rosenbergii. It may be
assumed that the release of larvac might be responsible for stopping the
production of MIH and accelerating MII activity. The physiological
and histological evidence suggests a high titre of MIH and a
comparatively low titrc of GIH in the blood during intermoulting
period in reproducing individuals. The high titre of MII is essential for
reproduction, which it facilitates indircctly by restraining the Y-organ
(Adiyodi, 1985).

Studies on the possible effect of eyestalk removal on moulting
frequency in crustacean by Brown and Cunningham (1939) and Smith
(1940) suggested that eyestalk contain moulting hormone which delays
moulting. Similarly, Kulkarni ar;)d Nagabhusanam (1980) suggested
that declining levels of the moult-inhibiting hormone (MII) and gonad-

stimulating hormone (GSH) in ablated Parapenaeopsis hardwickii, -
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which increases the moulting rate. Unilateral eyestalk abiation has been
shown to decrease levels of MIH secreted from the sinus gland and
increase the levels of ecdysteroids directly leading to higher moulting
rate in crustaceans (Lachaise et al., 1993).

In the prescnt study, cyestalk ablation significantly enhanced
moulting frequency of spent [emale of M. rosenbergii. Therefore, it can
be inferred that cyestalk ablation might have reduced the level of MIH
and there by increased the moulting frequency’in ablated spent female
of M. rosenbergii as suggested by Huang et al. (1981), Chakravarty
(1992), Soundarapandian et al. (1995), Sanjeeviraj et al. (1997) and
Okumura and Aida (2001).

5.2 EFFECT O EYESTALK ABLATION ON SPAWNING

FREQUENCY

The result of the expcrimcﬁ’l conducled to study the impact of
eyestalk ablation on spawning [requency in spent females of M.
rosenbergii rtevealed that cyestalk ablation significantly increased
spawning [requency. Irom the result of the present study, it could be
seen that the average number of spawns per female was 1.71 in the case
of eyestalk ablated and 1.28 in unablated case for the period of 60 days
(Table 4). Comparison of spawning frequency by using student’s t-test
showed that there is significant difference in the spawning frequency of
ablated and unablated spent [emale of M. rosenbergii. This indicates
that there is significant increase in spawning {requency afler cyestalk
ablation in spent female M. rosenbergii.

Murugadass et al. (1988) rcported higher spawning [requency in
ablated female M. malcolmsonii compared to unablated female M.
malcolmsonii. They noticed that spawning frequency was 7 nos in
ablated females compared to 5 nos in unablated ones during the 240

days experiment.
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Yano and Wyban (1993) showed that eyestalk ablation increased
spawning f{requency in female Penaeus vannamei under tank culture
conditions. Bijulal (1994) observed increase in spawning frequency
after eyestalk ablation in female M. equidens. He rcporied 2.25 spawns
per female in case of ablated ones compared to 1.625 in case of
unablated ones during 60 days experiment. Experiment conducted by
Racotta et al. (2000) revealed that the proportion of spawning females
and spawning frequency was greater for ablated females than unablated
females of P. vannamei.

In the present study it was observed that in ablated females 89%
of the moults were berried and remaining 11% were neuter while, in the
case of unablated females 86% of moults were berried and 14% were
neuter. It may be assumed that cyestalk ablation not only increased
moulting frequency but also frequency of berried moults. Similar result
was reported by Murugadass et al. (1988) in female M. malcolmsonii.
They observed that in control femoales only 40% moults were berried
while 60% were neuter whereas in the case of destalked females 50%
of moults were berried.

In reptantians, moulting and reproduction are antagonistic
process on the other hand in natantians moulting and spawning are
synergistic events (Pandian and Balasundaram, 1982). In the present
study, spawning is closely related to moulting and occurred always in
the post moult period as observed by Shyama (1987) in female M.
idella and Bijulal (1994) in {emale M. equidens.

The increase in spawning {requency in ablated spent female of M.
rosenbergii is in-accordance with the results obtained by Murugédass et
al. (1988) in M. malcolmsonii, Bijulal (1994) in M. equidens and in P.
vannamei by Yano and Wyban (1993) and Racotta ez al. (2000).

It can be inferred from the present study that eyestalk ablation in

spent female of M. rosenbergii had reduced the level of gonad
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0

inhibiting hormone and might have produced conducive conditions for
the gonad stimulating hormone and there i)y increasing the spawning
frequency as suggested by Murugadass et al. (1988), Bijulal (1994),
Yano and Wyban (1993) and Racotta et al. (2000).

5.3 EIFFECT O LEYESTALK ABLATION ON LARVAL HATCH
FECUNDITY

The result of the experiment conducted to study the impact of
eyestalk ablation on larval hatch fecundity in female M. rosenbergii
indicated that the cffect of cyestalk ablation was insignificant in terms
of larval hatch fecundity. The average larval hatch fecundity per female
was 21923 larvac after first time hatching (before ablation) and 17423
larvac after sccond time hatching (after ablation) in ablated spent
females of M. rosenbergii (Table 5).

In unablated spent females the average larval hatch fecundity was
21410 larvac after first time hatchi.ng and 16147 larvac after second
time hatching (Table 6). Pair wise comparison of larval hatch fecundity
by paired 1 —test showed that significant difference in larval hatch
fecundity aller {irst time and second time hatching of same animal in
both ablated and unablated ones. The larval hatch fecundity was lower
in second time hatching than first time hatching in same animal of both
ablated and unablated ones. Comparison of larval hatch fecundity by
using student’s t — test showed that there is no significant difference in
larval hatch [ecundity of second time hatching of ablated and unablated
M. rosenbergii.

No study related to compl'::'lrison of larval hatch fecundity of
eyestalk ablated and unablated prawns arc available. However, many

rescarchers studied the effect of eyestalk ablation on fecundity in

prawns and shrimps.
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Primavera et al. (1982) reported substantial increase in the
number of eggs in P. indicus through eyestalk ablation. They reported
an increase in fecundity with subsequent spawning in both unablated
and ablated females of P. indicus. A marginal incrcase in egg
production in ablated P. indicus has also been observed by Emmerson
(1983). Nascimento et al. (1991) obscrved a significant increment in
the number of eggs in Penaeus schimitti. Browdy and Samocha (1985a)
reported that the size of average first spawn in the moult cycle of
ablated P. semisulcatus was significantly larger than subsequent
spawns but the percent hatch and the percent metamorphosis were not
significantly differcnt.

Though many studics on fecundity in Macrobrachium spp. are
there (Ling, 1969; Patra, 1976; Malecha, 1983; Coasta and
Wanninayake, 1986; Mathavan et al., 1986; Manna and Rant, 1990;
Ang and Kok, 1991; Udo and Epke, 1991), the effect of eyestalk
ablation on fecundity is poorly defined.

Bijulal (1994) reported that fecundity did not show any
significant variation among the ablated and unablated treatments in M.
equidens. Yano and Wyban (1993) reported that mean numbers of eggs
per spawning for abla{cd and unablated spawners were not significantly
different in P. vannamei. '

Murugadass et al. (1988) reported that M. malcolmsonii carried
more number of cgas per clufch and egg production in ablated series
was double when compared to control. Soundarapandian et al. (1995)
too reported that ablated M. rosenbergii and M. malcolmsonii carried
more clutches of eggs than control and number of cgg per clutch was
more in ablated than control. The increase in number of clutches and
eggs per clutch in ablated prawns are in accordance with results
obtained for other decapods as well (Santiago, 1977; Aquacop, 1977).

Contrary to the above observations, lower fecundity was observed in
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ablated P. canaliculatus (Choy, 1987). Thus it can be seen that there is
considerable variations in response, as to the number of egg produced,
among the different species, some showing substantial increase, some
marginal and some others showing insignificant increase.

Das (2003) reported lower fecundity and hatching rate during the
second time spawning in unablated fcmale M. rosenbergii. The
reduction in larval hatch fecundity during second flatching of ablated
and unablated spent females of M. rosenbergii in the present study
may be duc to the lower hatching rate during the second spawning as

reported by Das (2003).

5.4 EFIFECT OF EYESTALK ABILATION ON INCUBATION

PERIOD 0

The cxperiment conducted to cvaluate the cffect of eyestalk
ablation on incubation period of cggs of M. rosenbergii revealed that
the incubation period was not found to vary significantly among
ablated and unablated treaiments.

‘The average incubation period was 18.8 + 1.53 with a range o[ 15
to 20 days in ablated female while in unablated females it was 19.6 =
0.76 with a range of 18 to 21 days (Table 7). Comparison of incubation
period between cyestalk ablated and unablated spent females of M.
rosenbergii indicated that there is no significant difference in
incubation period among ablated and unablated individuals.

No significant difference in incubation period of eyestalk ablated
and unablated [emale of M. equidens was obscrved by Bijulal (1994).

The result of the present study corroborates with the result obtained by

Bijulal (1994) in M. equidens.
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5.5 HISTOLOGY OF OVARY IN M. ROSENBERGIT

Five histological stages viz. previtellogenic oocyte, -early
vilellogenesis, vitellogencsis, late vitellogenesis and matured oocyte
were observed in the present study. Oogonial cells were characterized
by a prominent nucleus containing chromatin granules and a thin layer
of cytoplasm. Previtellogenic oocyte was found with large dense active
nucleus and prominent nucleolus. The previtellogenic oocytes were
surrounded by follicle cells. Small yolk droplets appeared in a single
concentric layer at the periphery of the ooplasm of early vitellogenic
oocyte. In the vitellogenic oocyle, many yolk vesicles were found
compared to e;zrly vitellogenic stage. In the late vitellogenic stage most
of the ooplasm including the perinuclear region was occupied by yolk
globules and follicular layer became thinner. The ooplasm of matured
oocyte was completely filled by yolk vesicles (yolk platelets).

The characteristic features of the oogonial stage, previtellogenic
oocytes, early vitellogenesis, vitellogenesis, late vitellogenesis and
matured oocyte during the histological observation in the present
investigation fully agree with the observation already made on the same
species by O’Donovan ez al. (1984) and Chang and Shih (1995).

In comparison to aother crustaceans, yolk vesicles or lipid
globules were clearly observed in the vitellogenic oocytes of M.
rosenber gii, which were similar to those in Pandalu kessleri (Quinitio
et al., 1989) but different [rom those in Penaeus monodon (Bell and
Lightner, 1988). No cortical roduwas observed in the periphery of
mature oocytes in M. rosenbergii, which is contrary to what has been
found in the oocytes of P. monodon (Bell and Lightner, 1988). Follicle
cells.were round, larger and more obvious in the early vitellogenic

oocytes (stage II) which consistent with the study by O’Donovan et al.
(1984). " '
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Charles and Subramoniam (1982) also identified five histological
stages for M. malcolmsonii and M. lamarrei. On contrary to this,
Jayachandran and Joseph (1988) and Patil (2001) reported seven
histological stages in M. idella, whereas Scbastian (1993) reported six
well-marked histological stages in M. equidens equidens and M.
equidens Pillai npamely, oognial stage, previtellogenesis I, I,

vitellogenesis I, II, and degencrating stage.

5.6 EFFECT OF EYESTALK ABLATION ON OVARIAN

DEVELOPMENT IN SPENT FEMALES OF M. ROSENBERGI!

The result of the experiment conducted to study the impact of
eyestalk abaltion on ovarian development of spent females of M.
rosenbergii revealed that cyestalk ablation enhanced ovarian
. development. IFrom the histological sections of the ovaries starting
from spent ovary to the ripe ovary at weekly interval, similar
development stages of oocytes were observed -in both ablated and
unablated spent female of M. rosenbergii. However, the size of the
largest oocytes in ablated spent female of M. rosenbergii was slightly
higher than the average size of the oocyte in unablated at cach week of
development. This indicates enhancement of ovarian development after
cyestalk ablation.

After onc week of development the largest oocytes were in
previtellogenic stage in both ablated and unablated females and the
average size of the oocyte in ablated and unablated were 60.02 = 6.15
and 52.03 = 7.53 p respectively. Alter two weeks of development
largest oocytes were in carly vitellogenic stage and average size was
82.11 # 9.63 p in ablated and 75.02 « 5.04 p in unablated. Vitellogenic
oocytes were observed after three weeks of development and " the

average size of the oocytes were 103.01 + 7.53 1 in ablated and 96.03 =
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1.73 u in unablated ones. Late vitellogenic stage was observed after
four weeks of development and the average size of oocytes was 235.00
* 4.53 pin ablated and 223.21 + 12.03 p in unablated. After five weeks
of development the largest oocytes were in ripe stage and the average
size was 401.03 += 12.53 p in ablated and 391.01 = 10.30 p in
unablated.

These results are in the agreement with the fact that eyestalk
ablation in crustaceans enhances gonadal development (Adiyodi and
Adiyodi, 1970; Caillouet, 1973; Arnsiein and Beard, 1975; Emmerson,
1980,1983). Panousc (1943) firstoshowed that the eyestalk ablation
induced ovarian maturation in the shrimp, Leander serratus (Pennant).
This was subsequently confirmed with other species including P.
monodon (Primavera, 1978; Emmerson, 1983).

It has been proved that ablation accelerates gonadal maturation in
certain spécies of penacid crustacea and, in some cases, under culture
conditions ova development takes place only after eyestalk ablation
(Caillouet, 1973 in P. orientalis; Aquacop, 1977 in P. aztecus and P.
monodon). Petriclla and Diaz (1987) reported that unilateral eyestalk.
ablation accelerates gonadal maturation in Argentine prawn, Artemesia
longinaris Bate. The induced maturation of f{reshwater prawns, M.
malcolmsonii and M. rosenbergii through cyestalk- ablation has been
successfully carried out in a low cost experimental set up by
Soundarapandian et al. (1995). The ovarian development of ablated and
non ablated females of Pleoticus muelleri was compared by Diaz et al.
(1997). They noticed that ovaries of eyestalk ablated female were in
mature condition and those of control were in primary vitellogenesis
stage at the end of the experiment.

Kulkami et al. (1979) reported that there is significant difference

in oocyte diameters of progesterone injected and control prawns of
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_ Parapenaeopsis hardwickii, which indicated enhancement of ovarian
development. In the present study also the oocyte diameter in the
eyestalk ablated is slightly higher than unablated M. rosenbergii at each
week interval.

Okumura and Aida (2001) revealed that the duration of ovaran
development was shorter in destalked females than in control females
of M. rosenbergii. They opined that as ablation is expected to remove
source of vitellogenesis inhibiting hormone (VII—I) and mandibular
organ inhibiting hormone (MOIH), decreases in haemolymph levels of
VIH and/or MOII is likely to be a basis for the 100% occurrence of the
reproductive moult cycle and the acceleration of ovarian development.

The present study indicates that the development of oocytes in
the ovary was a confinuous process when the female is bearing the eggs
between the pleopods till it hatch. This observation is in the agreement
with the observation of O’Donovan et al. (1984) in the same species.
Similar observation has been reported by Fish and Preece (1970) and
Salvat (1967). They described a sequence of broods in the amphipod
genus Bathyporeia in which one sct of embryo develops in the brood
pouch while oogonia enlarge in the ovary. Hinsch (1968) also reported
that in Libinia emarginata the {emales have a new egg mass in the
brood chamber a short time after zoea release, and are able to produce
three to four consecutive broods. Schone (1968) observed that in Maja
spp. of crabs malc prior to zoca rc’lgasc and havc a new cgg mass in the
brood pouch a short time afler hatching ol the larvac.

The ncuroendocrine complex in the eyestalk consists of the
medulla terminalis x-organ sinus gland complex. It produces an ovarian
inhibiting hormone which when removed allows the ovaries to mature.
The maturation is probably ‘influenced by an ovary-stimulating
hormone produced by brain and thoracic ganglion (Adiyodi and
Adiyodi, 1970).
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The slight increment in ovarian development of ablated spent
female of M. rosenbergii in the present study may be due to the
declining level of ovary inhibiling hormone in haemolymph after
cyestalk ablation as suggested by Adiyodi and Adiyodi (1970).

In the present study, much influence of eyestalk ablation on
ovarian development was not observed as the same type of oocyte stage
observed in both ablated and unablated spent female of M rosenbergii
at each week interval. It can be stated that GSH from the thoracic
ganglion and brain might have suppressed the effect of GIH and there "
by influenced the ovarian development in the unablated one also as

suggested by Otsu (1963) and Gomez (1965).

5.7 EITECT OF EYESTALK ABLATION ON OVARIAN INDEX

In the present rematuration experiment effect of eyestalk ablation
on ovarian index of spent [emale of M. rosenbergii was evaluated.
Slight enhancement of the ovarian index was observed in ablated ones
compared to unablated at each week interval.

The ovarian index progressively increases as maturity stages
advances in spent females of M. rosenbergii for both ablated and
unablated. The OI of spent ovary was 0.43 for ablated and 0.42 for
unablated; after one week OI was 0.45 in ablated and 0.44 in unablated;
while it was 0.54 for ablated and 0.47 for unablated after 2 weeks;
After 3 weeks, 0.64 for ablated ansl 0.63 for unablated; 3.71 for ablated,
3.51 [or unablated after 4 weeks; 9.20 for ablated, 9.10 for unablated
after 5 weeks (Table 8). )

Chang and Shih (1995) reported ovarian index of M. rosenbergii
in different development stages from immature to mature ones. In stage

I Ol was 0.52 = 0.04; while it was 1.17 % 0.41 in stage II; 2.41 + 0.36 in
stage III; 5.77 = 0.68 in stage IV; and 6.93 = 0.066 in stage V. Ovarian
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index has been variously used in assessing ovarian growth in penaeids
(Lawrence et al., 1979; Joshi, 1980).

Kulkarni et al. (1979) studied the cffect of progesterone on
ovarian maturation in marine penaeid prawn, P. hardv;/ickii and the
study revealed that a significant increase in the ovarian index and
oocyte diameter after progestcrone injection. In the present
investigation the ovarian index of cyestalk ablated spent female of M.
rosenbergii showed slight increase in value than it was observed for
unablated ones after cach week of development.

The present result is in agreement with the result of Diaz et al.
(1997) in Pleoticus mutelleri. They studied the GSI of ablated and
unablated females of Pleoticus muelleri and found that gonad index of
ablated prawn (3.471-4.471) was higher than control prawn (2.059-
4.520).

In the present study the values of Ol after each week of
devclopment were different from the OI values estimated by Chang and
Shih (1995). Which may be duc to limited numbers of female prawn

. 0
used in the study.

5.8 WATER QUALITY PARAMETERS

All animals are known to select the most appropriate time for
breeding. As such the fluctuations of water quality parameters have a
definite influence in slimulating maturation and subsequent
reproduction  process  (Primavera, 1985). Dilferent water quality
paramcters such as temperature, dissolved oxygen and pIH were
maintained with the optimum range required for reproduction of M.
rosenbergii during the experimental period.

The rematuration experiments were conducted in freshwater
condition. This is in accordance with the result of various investigators.

Wickins (1972), Venugopalan (1988) and Venugopalan and Thampy
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(1992) have suggested that salinity range of 0-2 ppt as ideal for M.
rosenbergii. The temperature in the tanks varied between 23.1 and 28.1
°C which is ncar to the range from 27 to 29 °C reported by many
workers such as Uno et al. (1975), New and Singholka (1982), Sandifer
and Smith (1985) as within the optimum range for M. rosenbergii.

The Dissolved oxygen levels of water in the experimental tanks
varied between 6.03 and 8.25 ppm, which was also within the optimum
range required for Macrobrachium spp. culture as reported by
Subramoniam (1987). New and Singholka (1982) reported that an
oxygen concentralion of 75% saturation as optimum for
Macrobrachium spp.

The pI of the water in the experimental tanks varied between 6.5
and 8.5. New and Singholka (1982) and Sandifer and Smith (1985)
rcportied a pIl range of 7.5 to 8.5 as oplimum for culture of M.
rosenbergii, whereas Susheela et al. (1992) reported a pH range of 6.0-
7.5 in culture pond of M. rosenbergii.

Irom the results of rematuration experiment, it could be seen that
eyestalk ablation significantly cnhanced moulting frequency and
spawning frequency but the effect was insignificant in terms of larval
hatch fecundity and incubation» period in spent female of M.
rosenbergii. Insignificant increasc in ovarian index and ovarian
development was also observed in ablated spent female of M.
rosenbergii.

It may be concluded from the present study that eyestalk ablation

can be used as a rematuration technique in spent female of M.
.rosenbergii as it enhances the moulting frequency and spawning
frequency significantly than that of unablated ones. But, further study is

warranted especially during the non-breeding season to derive a

specific conclusion.
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6. SUMMARY

The objectives of the present study were to find out thé role of eyestalk
ablation on rematuration of spent female of M. rosenbergii in .captive
conditions and to study the histolo§y of the ovary during rematuration
of eyestalk ablated and unablated spent female of M. rosenbergii. In the
rematuration experiment, the effect of eyestalk ablation on moulting
frequency, spawning frequency, larval hatch fecundity, incubation
period, ovarién development and ovarian index in spent female of M.
rosenbergii was cvaluated. The histological examination of the ovary
during rematuration was also carried out in ablated and unablated spent
female of M. rosenbergii at weekly intervals. The methodology,

important results and conclusions of the study are as follows.

1 Single aged healthy berried females of M. rosenbergii were
procured {rom a culture pond. Strong blue clawed (SBC) males of
M. rosenbergii were collected from wild. The length and weight of
the experimental animal was 145-170 mm and 35-45 g for females
and 210-250 mm and 140-160 g for SBC males. The animals were
fed with fresh clam mcat ad libitum.

2. In the rematuration experiment to evaluate the effect of eyestalk
ablation on moulling frequency, spawning [rcquency, larval hatch
fecundity and incubation period, 40 healthy berried [emales were
sclected and individually stocked in round cement cisterns.
Estimation of the larval hatch fecundity of the experimental animal
was individually carried out during first time hatching. Eyestalk
ablation was performed in 20 nos of spent females and remaining
20 nos were kept unablated. Ablated and unablated spent females

were introduced separately in oval fiberglass tank along with male
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at the ratio of lmale: 4femalc for rematuration. Observation on
moulting [requency, spawning {rcquency, larval hatch fecundity
and incubation period of ablated and unablated spent females were
individually carried out [or the period of 60 days.

The study of histology of the ovary during rematuration of the
eyestalk ablated and unablated spent female prawns were carried
out from spent ovary to the ripe ovary at each week of
development. For histological sotudy prawn {rom above experiment
was taken oul from both ablated and unablated group at each week
interval and ovaries were dissccted out and fixed in Bouin’s fluid.

Embedding was done in paraffin wax and sections were cut at 6-8

thickness. Conventional slide preparation procedure was used. The
scctions were stained with Mayer’s IHacmalum and Fosin Y. The
oocyle diameter from the slide was measured using calibrated
ocular micrometer.

In experiment to study the effect of eyestalk ablation on ovarian
index 24 nos ol spent female of M. rosenbergii were used. 12 nos of
spent females were ablated and another 12 nos kept unablated. The
ablated and unablated spent females were kept separately along
with male for mating. The average ovarian index (O]) values {from
spent ovary to ripe slage at cach weck intcrval for eyestalk ablated
and unablated spent female of M. rosenbergii was estimated.

The average number of moults was 1.93 per female in the case of
ablated ones compared to 1.50 in unablated individuals.
Comparison of moulting {requency by using student’s t-test showed
that there is significant difference in the moulting frequency of
ablated and unablated spent femalc of M. rosenbergii. This
indicates that there is significant increase in moulting frequency

after eyestalk ablation.
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6. The average number of spawns was 1.71 in eyestalk ablated ones

10.

compared to 1.28 in unablated individuals. Comparison of
spawning frequency by using student’s t-test showed that there is
significant difference in the spawning {requency of ablated and
unablated spent female of M. rosenbergii. This indicates that there
is significant increase in spawning frequency after eyestalk
ablation.

The average larval hatch fecu\:xdity per female was 21923 after first
time hatching (before ablation) and 17423 after second time
hatching (after ablation) for ablated group. In the case of unablated
group the average larval hatch fecundity was 21410 after first time
hatching and 16147 after second time hatching. Pair wise
comparison of larval hatch fecundity by paired t-test showed that
there is significant difference in larval hatch fecundity after first
time and second time hatching of same animal of both ablated and
unablated spent female of M. rosenbergii. Comparison of larval
hatch fecundity by using student’s t-test showed that there is no
significant difference in larval hatch fecundity during second time
hatching of ablated and unablated spent female of M. rosenbergii.
The incubation period was not found to vary significantly among
ablated and unablated spent females of M. rosenbergii. The
incubation period ranged from 15 to 20 days in ablated with an
average of 18.8 + 1.53 while in unablated thesc values ranged from
18 to 21 days with an average of 19.6 + 0.76.

Five histological stages viz. previtellogenic oocytes, -early
vitellogenic, vitellogenic, late vitellogenic and matured oocyte were
observed in the present study.

In the histological sections of the ovaries starting fror;l spent ovary

to the ripe ovary at weekly interval, similar type of oocytes were
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observed in both ablated and unablated spent females of M.
rosenbergii. IHowever, the size of largest oocyte in ablated spent
female of M. rosenbergii was slightly higher than the size of
oocyles in unablated at cach week of developmcnt.

Generally higher ovarian index was observed after fourth and fifth
week of development in both eyestalk ablated and unablated spent
fcmale of M. rosenbergii. It was observed that ovarian index of
cyestalk ablated spent female prawn was higher than unablated
prawn at each week interval, which suggests impact of eyestalk
ablation on ovarian development.

Different watcr quality parameters such as temperature, dissolved
oxygen and pH were maintained within the optimum range required
for reproduction of M. rosenbergii during the rematuration
cxperiment. .
From the results of rematuration experiment, it could be seen that
cyestalk ablation significantly enhanced moulting frequency and
spawning frequency but the effect was insignificant in terms of
larval hatch fecundity and incubation ‘pcriod in spent female of M.
rosenbergii. Insignificant increase in ovarian development and
ovarian index was also obsarved in ablated spent female of M.
rosenbergii.

It may be concluded from the present study that eyestalk ablation
can be used as a rematuration technique in spent female of M.
rosenbergii as il enhances the moulting (requency and spawning
[requency significantly than that of unablated ones. But, further
study is warranted especially during the non-breeding scason to

derive a specific conclusion.



References



83

7. REFERENCES

Adiyodi, K.G. 1980. Some thought on the evolution of “ Reproductive”
hormones in inveriebrates. Progress In  Invertebrate
Reproduction Aquaculture (eds. Subramoniam, T. and

Varadarajan, S.). New Century Printers, Madras, pp.89-93

Adiyodi, K.G. and Adiyodi, R.G. 1970. Endocrine control of
reproduction in crustacea. Biol. Rev. 45: 121-165

Adiyodi, K.G. and Adiyodi, R.G. 1983. Reproductive Biology of
Invertebrates. Vol. I Oogenesis, Oviposition and Qosorption.

Thon Wiley and Sons, New York, p. 770

- *Adiyodi, R.G. 1969. Insect hormones other than pheromones. Vijin
kair. 1: 57-65

Adiyodi, R.G. 1985. Reproduction and its control. The Biology of
Crustacea (eds. Bliss, D.E. and Mantil, L.H.). Academic Press,
New York, pp. 147-215

*Alikunhi, K.H., Poernomo, A., Adisuleresono, S., Budiano, M. and
Busman, S. 1975. Prc;lirr!)inary obscrvation on induction of
maturity and spawning in Pengeus monodon TFabricius and
Penaeus merguiensis de Man by eyestalk extirpation. Bull.

Shrimp Cult. Res. Cent. 1: 1-11

Ang, K. and Kok, L. 1991. Fecundity changes in Macrobrachium
rosenbergii de Man during egg incubation. Aquacult. Fish.
Manage. 22(1): 1-6



84

Anilkumar, G. and Adiyodi, K.G. 1981. Ovarian growth induced by
eyestalk ablation during the pre-breeding season is not normal

in the crab, Paratelphusa hydrodromous (Hertbst). Intern. J.
Invert. Reprod. 2: 95-105

Aquacop, 1975. Maturation and spawning in captivity of penaeid
]

prawns Penaeus merguiensis dc Man, Penaeus japonicus Bates,

Penaeus aztecus Incs, Metapenaeus ensis de Haan and Penaeus

semisulcatus de Haan. Proc. World Maricult. Soc. 6: 123-132

Aquacop, 1977. Reproduction and growth of Penaeus monodon
Fabricius in Polynesia. Proc. World Maricult. Soc. 8: 927-945

Aquacop, 1979. Penacid rearing brood stock: Closing the life cycle of
Penaeus monodon, Penaeus stylirostris and Penaeus vannamei.

Proc.World Maricult. Soc. 10: 445-542

Aquacop, 1980. Rearing of broodstock of Penaeus monodon. Proc.
World Maricult. Soc. 11: 352-363

Aquacop, 1982. Reared brood stock of Penaeus monodon. Proc. Symp.

Coastal Aquaculture. 1: 55-62

Aquacop, 1983. Constitution of brood stock, maturation spawning and
hatchery system for penaeid shrimps in the centre
Oceanologique du pacifique. CRC handbook of mariculture.
Vol. I Crustacean aquaculture. CRC Press Boca Raton. Florida,
USA, p. 442



85

1975. Induced maturation of the prawn

in, D.R. and Beard, T.W. o qesals

Aae n ihe laboratory by mea

Penaeus orientalis i

rcmoval./\quacallure 5: 411-412

wyndaram,
prieser hium nobdu) Ph. D thesis,

(Macrobrac

Madurai, p- 123

Madurai University,

G. 1984. Loss of egg mass with

Balasundararm, C. and Poyyamoh, o

t ] lut(:ld{u]e 41 ]
acy Y un lObllu. Aq
(64 ]lV.ﬂn]l .ill Ob ac,’"u"} .

don
i £ Penacus mono
- 1ins. 1.F. 1980. Breeding O
Beard, T.W. and Wickins,

i aculture. 20:
Fabricius in laboratory recirculation systems. Aqu _

79-89

Beard, T.W., Wickins, J.F.-and Arnstein, D.R. 1977. The breeding and
growth in Penaeus merguiensis de Man in laboratory

recirculation systems. Aquaculture. 10: 275-279

Bell, T.A. and Lightner, D.V. 1988. A Handbook of Normal Penaeid

Shrzmp Histology. World Aquaculture Socxety, Baton Rouge,
LA., p.124

*Beltz, B.S. 1988. Crustaccan neurohormones, Endocm:ology of

selected invertebrates bypes (eds. Laufer, H. and Downer, D.).
Liss, New York, pp. 235-258

Berreur-Bonnenfant, J. and Lawrence, F. 1984. Comparatzve effect of

farnesylacetone on macromolecular synthesis in gonads of

crustaceans. Gen. Comp. Endocrinol, 54: 467- 468



86

Bijulal, P.S. 1994. Lffect of cyestalk ablation on growth and
reproduction of Macrobrachium equidens (Dana). M.F.Sc

thesis, Kerala Agricultural University, Thrissur, p.122

Bomirski, A. and Kelk, E. 1974. Action of eyestalk in the ovary of

Rhithopanopens harrissi and Crangon crangon (Crustacea:

Decapoda). Mar. Biol. 24: 329-337

Bray, W.A. and Lawrence, A.L. 1990. Reproduction of eyestalk ablated

Penacus stylirostris fcd on various levels of total dietary lipids.

J. World Aquacult. Soc. 21(1): 41-52

Bray, W.A. and Lawrence, A.L. 1992. Reproduction of Penaeus
_ species in caplivity. Culture of Marine Shrimp: Principles and
Practices (cds. last, A. and Lester, L.J.). Elscvier Science

Publications, Amsterdam, pp. 93-170 -

Bray, W.A., Lawrence, A.L. and Lester, L.J. 1990. Reproduction of
Penaeus stylirostris fed various levels of total dietary lipid. J.

World Maricult. Soc. 21: 401 -52

Browdy, C.C. and Samocha, T.M. 1985a. The cffcct of eyestalk
ablation on spawning, moulting and mating of Penaecus

semisulcatus de Haan. Aquaculture. 49: 19-29

Brown, A, Jr, Mc Vey, J., Middleditch, B.S. and Lawrence, A.L.
1979. Maturation of white shrimp Penaeus setiferus in

captivity. Proc. World Maricult. Soc. 10: 435-444



)

87

Brown, A. Ir., Mc vey, 1.P., Scott, B.M., Williams, T.D., Middleditch,
B.S. and Lawrence, A.L. 1980. The maturation and spawning of
Penaeus stylirostris under controlled laboratory conditions.

Proc. World Maricult. Soc. 11: 488-499
*Brown, F.A.Jr. and Cunningham, C. 1939. Biol. Bull. 77: 104-105

*Brown, F.AJr. and Jones, G.W. 1949. Ovarian inhibition by sinus
gland principle in fiddler crab. Biol. Bull. 91: 227-232

Burns, B.G., Sangalang, G.B., Irreeman, H.C. and Mc Manenity, M.
1984. Isolation and identification of testosterone from the serum
and testes of the American lobster (Homarus americanus). Gen.
Comp. Endocrinol. 54: 429-432

*Byard, L.H., Shivers, R.K. and Aiken, D.E. 1975. The mandibular
organ of the lobster, Homarus americanus. Cell Tiss. Res. 162:

13-22

Caillouvet, A.C. Jr. 1973. Ovarian maturation induced by eyestalk
ablation in pink shrimp Penaeus duorarum Bunkenroad. Proc.
World Maricult. Soc. 3: 205-225

0

*Carlisle, D.B. 1953. Studies on Lysmata seticaudata Risso (Crustacea,
Decapoda) V the ovarian inhibiting hormone and the hormone
inhibition of sex reversal. Pubbl. Staz. Zool. Napoli. 24: 455-
472

*Carlisle, D.B. 1954. The X-organ-sinus gland complex, somatotropin,

the ovarian inhibiting hormone and sex reserved in Lysmata



88

seticaudata (Natantia, Hippolysidae). Pubbl. Staz. Zool. Napoli.
24: 79-81

Chakravarty, M.S. 1992. Lflect of cyestalk ablation on moulting and
growth in prawn, Macrobrachium rosenbergii. Indian J. Mar.

Sci. 21: 287-289 §

0
Chamberlain, G.W. and Lawrence, A.L. 1981a. Maturation,
reproduction and growth of Penaeus vannamei fed on natural

diet. J. World Maricult. Soc. 12(1): 209-224

Chamberlain, G.W. and Lawrence, A.L. 1981b. Lflect of light intensity
and male and female cyestalk ablation of Penaeus stylirostris

and Peneaus vannamei.J. World Maricult. Soc. 12: 357-372

*Chandennert, P.J. 1956. Le systeme nervaux dela region gnathale de I’
ecrencsse Cambarus affinis (say). Ann. Sci. Nat. Zool. Biol.

Anim. 18: 33-61

Chang, ‘C.F. and Shih, T.W. 1995. Reproductive cycle of ovarian
development and vitellogenin profiles in the freshwater prawn,

Macrobrachium rosenbergii. Invert. Reprod. Dev. 27(1): 11-20

*Chang, 13.S. 1984. licdysieroids in crustacea: Role in reproduction,
moulting and larval devclopment. Advances in Invertebrate
Reproduction Vol. III (eds. Angles, W., Clarke, W.H., Fisher,
A., Olive, P.J.W. and Went, D.F.). Elsevier Science Publishers,
Amsterdam, pp. 223-230



89

Chang, E.S. 1992. Endocrinology. Marine Shrimp Culture: Principles
and Practices (eds. Tast, W.A. and Lester, 1.].). Elsevier
Science Publishers, Amsterdam, pp. 53-92

*Chang, E.S., Hertz, W.A. and Prestwich, G.D. 1992. Reproductive
endocrinology of Sycionia injentis: steroid, peptide and
terpenoid hormones. NOAA Tech. Rep. NMFS.106:1-6

0
*Chang, E.S., Prestwich, G.D. and Bruce, M. 1990. Aminoacid
scquence of a peptide with both molt and hyperglycemic

activity in the lobster Homarus americanus. Biochem. Biophys.

Res. Comm. 171: 818-826

Charles, D.M. and Subramoniam, T. 1982. A comparative study on the
oogenesis of two freshwater prawns Macrobrachium
malcolmsonii and M. lamarrei. J. Reprod. Biol. Comp.

Endocrinol. 2(2): 80-86

*Chen, T.P. 1977. Report in maturation of Penaeus monodon Fabricius
in captivily by eyestalk ablation and subsequent spawning and

production of juveniles. China Fisheries Monthly. 294: 3-7

*Choy, S.C. 1987. Growth and reproduction of eyestalk ablated
Penaeus canaliculatus (Olivier, 1811). J. Fxp. Mar. Biol. Icol.
112: 93-107

Coasta, H.I1. and Wanninayake, T.B. 1986. Food, feeding and
fecundity of the giant freshwater prawn Macrobrachium

rosenbergii from natural habits in Sri Lanka. The First Asian



90

Fisheries Forum (eds. Maclean, J.1, Dizon, L.B. and Hosillos,

L.V.). Asian Fisheries Society, Manila, Philippines, pp. 555-558

*Couch, E.F. and Hagino, N. 1983. Correlation of progesterone and
estradiol production by the mandibular organ and other tissues
with cgg development in the American lobster. J. Cell. Biol. 97:
158- 163

Crocos, P.J. and Kerr, J.D. 1986. Iactors affecting induction of
maturation and spawning ol the tiger prawn Penaeus esculentus

(tlaswell) under the loboratory conditions. Aquaculture. 58:
203-214

Das, N.G. 2003. Rematuration of hatchery used wild spawners of
Macrobrachium  rosenbergii in  captivity. International
Symposium on Freshwater Prawns, 21-23 August 2003, Kochi
(India). College of Fisherics, Kerala Agricultural University,
Kochi, India. Abstract: 67

*D’croz, C., Wong, V.L, Justin, G. and Gupta, M. 1988.
Prostaglandins and related compounds from the polychacte
worm Americanuphis ressei Fanchald (Onuphidae) as possible

inducers of gonad maturation * in penacid shrimps. Rev. Biol.

Trop. 3G: 331-332

*De’meusy, N, 1953. Effects de 1’ ablation des pesdoncules oculaire
sur la mae genital male de Carcinus maenas Pennant. C.R.

Hebd. Se’anc. Acad. Sci. Paris. 236: 974- 975



91

*De’meusy, N. and Veillet, A. 1952. De’clenchment de 1a punte chez le

crabe, Carcinus maenas pennant par I’ablation dec pe’doncules
bl

ocularis. C.R. Hebd. Se’anc. Acd. Sci. Paris.234: 1224-1226

*Descouturelle, G. 1971. Roles des appendices sexulels males dans Ia
copulation et d’un receptacle seminal femelle dans la ponte chez
Atyaephyra desmarest Millet (Crustacea- Decapoda- Caridea).

Bull. Academie et Societe Lorraines des Sciences. 10: 10-14

*Diaz, A.C., Petriella, A.M. and Tenucci, J.L. 1997. Effect of the
eyestalk ablation in the gonad maturation of Pleoticus muelleri
(Decapoda, Solenceridae): Interaction between the moulting and
ovarian development. Brazilian J. Oceanography. 45(1-2): 53-
60

*Diaz, G.G. 1987a. Influence of parental stock on larval development
of Macrobrachium rosenbergii. Intern. J. Invert. Reprod. Dev.

12: 45-56

*Diaz, G.G. 1987b. Effect of environmental embryonic temperature on
0]
larval development on Macrobrachium rosenbergii (de Man).

J. Exp. Mar. Biol. Icol. 114: 39-47

Donahue, J.K. 1940. Occurrence of estrogen in the ovaries of certain

marine invertebrates. Endocrinology. 27: 149-152

*Donahue, J.K. 1948. Floourimetric and biological determination of
oestrigens in the eggs of the American lobster Homarus

americanus. Proc. Soc. Exp. Biol. Med. 69: 179-181



92

*Donahue, J.K. 1957. Chromatographic identification of lobster
estrogens. Bulletin No. 28 State Marine Department of Sea and

Shore Fisheries Rescarch, New York, p. 28

*Downer, R.G.H. and Laufer, H. 1983. Endocrinology of Insects.

Invertebrate Endocrinology (ed. Alan, R.). Liss, New York, pp.
706-707

Dull, W., Hill, B.J., Rothlisberg, P.C. and Staples, D.J. 1990. The
Biology of Penacidac. Advances in Marine Biology (eds.
Blaxter, J.H. and Southward, A.J.). Academic Press, New York,
pp- 251-275

Eastman-Reks, S. and Iigerman, M. 1984. Effects of neuroendocrine
tissue and cyclic AMP on ovarian growth in vivo and in vitro in
the Fiddler crab, Uca pugilator. Com. Biochem. Physic;l. T9(A):
679-684 |

[immerson, W.D. 1980. Induccd maturation of prawn, Penaeus indicus.

Mar. Ecol. Prog. Ser. 2: 121-131

Emmerson, W.D. 1983. Maturation and growth of ablated and
unablated Penaents monodon Fabricius. Aquaculture. 32: 235-

241

*Emmerson, W.D., Haynes, D.P. and Ngonyama, M. 1983. Growth and

maturation of Penaeus indicus under blue and green light. South

African Journal of Zoology. 32: 235-241



93

Fairs, N.J., Evershed, R.P., Quinlan, P.T. and Goad, I1.J. 1989.
Detection of unconjugated and conjugated steroids in the ovary,
eggs and hemolymph of the decapod crustaceans, Nephrops
norvegicus. Gen. Comp. Endocrinol. 74: 199-208

Fairs, N.J., Quinlan, P.T. and Goad, L.J. 1990. Changes in ovarian
conjugated and unconjugated steroid titers during vitellogenesis

in Penaeus monodon. Aquaculture. 89: 83- 99

*[Ferzon, J.P., Barbier, M. and Berrcur- Bonnenfant, J. 1978.
Biosynthese de la [farnesylacetone- (E-E) par les glandes
androgens du crabe Carcinus maenas. Helv. Vhim. Aeta. 61:
669-674

*Fingerman, M. 1985. The physiology and pharmacology of

crustaceans chromatophores. American Zool. 25: 233- 252.-

Fingerman, M. 1987. The endocrine mechanisms of crustacea. J. Crust.

Biol. 7:1-24

*Fish, J.D. and Precce, G.S. 1970. The annual reproductive patterns of
Bathyporeia pilosa and Bathyporeia pelagica (Crustacea:

Amphipoda). J. Mar. Biol. Assoc. U.K. 50: 475-488

Galgani, M.L., Cuzon, G., Galgani, F. and Goguenheen, J. 1989.
Influence of the diet on the reproduction of Penaeus indicus in

captivity. Aquaculture. 81: 337-350



94

*Gomez, R. 1965. Acccleration of gonads by implantation of brain in
the crab Paratelphusa hydrodromous. Naturwissenchaftu. 9:

215-216

*Goorah, D. and Parmeshwaran, S. 1983. Maturation and fecundity of
giant cameron, Macrobrachium rosenbergii (de Man) in ponds

in Mauritius. Rev. Agric. Scicr. Le Maurica. 62: 6-11

Guary, J.C., Kayama, M., Murukami, Y. and Ceccaldi, H. 1976. The
effect of a fat-frec diet and compounded diet supplements with
various oils on moult, growth and fatty acid composition of the

prawn Penaeus japonicus Bate. Aquaculture. 7 (3): 245-255

Halder, D.D. 1978. Induced .maturation_and breeding of Penaeus
monodon Tabricius under brackishwater pond conditions by
eyestalk ablation. Aquaculture. 15: 171-174

0

Halder, D.D. 1980. Breeding of Penaeus monodon in farm pond under
captivity. Proceedings of first National Symposium on shrimp
farming, 16-18 August, 78. CIFE, Bombay, pp. 43-46

*Hampshire, I'. and Horn, D.H.S. 1966. Structure of crustecdysone, a

crustacean molting hormonc. Chem. Comm. 2: 37-38

Harikrishanan, M. and Kurup, B.M. 1997a. Population structure and
morphotypic composition in the natural population of
Macrobrachium rosenbergii. Proceedings of Ninth Kerala

Science Congress, pp.387-389



95

*Hinsch, G.W. 1968. Reproductive behaviour in the spider crab Libinia
emarginata (..). Biol. Bull. 135: 273-278

Hinsch, G.W.-and Bennet, D.C. 1979. Vitellogenesis stimulated by
thoracic ganglion implanted into destalked immature spider

crab, Libinia emarginata. Tiss. Cell. 11: 345-351

Holtschmit, K.H., and Romero, J.M. 1991. Maturation and spawning of
the blue shrimp Penaeus stylirostris (Stimpson) under

hypersaline conditions. J. World Aquacult. Soc. 22(10): 44-50

*Homola, E., Landau, M. and Borst, B. 1989. An in vitro assay for the
regulation of methyl farnosoate synthesis in desegregated organ

cclls from Libinia emarginata and the eflfect of serotlin. Biol.

Bull. 176: 69-75

*Huang, S.G., Leu, B.Y. and Chen, J.C. 1981. Effects of eyestalk
ablation on growth and molt of freshwater prawn,

Macrobrachium rosenbergii. Bull. Inst. Zool. Acad. Sinica.
20(2): 41-47

Humason, G.I. 1982. Animal Tissue Techniques. W.H. Freeman and
Company, San I'rancisco, p.641

Idyll, C.A. 1971. Induced maturation of ovaries and ova in pink shrimp.
Comm. Fish. Rev. 33: 20

Ignatius, C.A. 1989. Effects of salinity on growth and breeding of the
shrimp Macrobrachium idella (Hilgendorf). M. F. Sc. thesis,
Kerala Agricultural University, Thrissur, p.110



96

Jayachandran, K.V. 2001. Palaemonid Prawns Biodiversity, Taxonomy,
Biology and Management. First edition. Oxford & IBH
Publishing Co. Pvt. Ltd., New Delhi, p. 624

Jayachandran, K.V. and Jose, T.M. 1993. Effect of unilateral eyestalk
ablation and male deprivation on ovarian maturation and
ovulation in Macrobrachium idella idella (Hilgendorf, 1898)
during the post-breeding season. Indian J. Comp. Anim.
Physiol.11: 35-38

Jayachandran, K.V. and Joseph, N.I. 1988. Studies on the ovaries of
slender river prawn, Macrobrachium idella (Hilgendorf, 1898)
(Decapoda, Palacmonidac).Zoologica Orientalis. 5(1&2): 6-9

Jayachandran, K.V. and Joseph, N.I. 1992. A key for the field
identification of commercially important Macrobrachium spp.
with a review of their bionomics. Freshwater Prawns (ed. Silas,
[L.G.). Procecdings ol the National Symposium on Freshwater
Prawns, 1990. Kerala Agricultural University, Thrissur, pp. 72-
79

Thon, M.C. 1957. Bionomics and life history of Macrobrachium
rosenbergii (dc Man). Bulletin of the Central Rescarch Institute,

University of ‘Travancore, Travancore, p. 150

Jhonson, D’cruz. 1995. Induced maturation of Penaeus indicus using
exogenous hormone. M.E.Sc. thesis, Kerala Agricultural

University, Thrissur, p. 155



97

Jinadasa, J. 1985. On the biology and fishery of the giant freshwater
prawn, Macrobrachium rosenbergii (de Man) in the northern
Balgoda lake, Sri Lanka. Indian J. Fish. 32(3): 288-295

Joshi, P.K. 1980. Reproductive physiology and neurosecretion in some
Indian marine prawns. Ph D. thesis, Marathawada University,

Aurangabad, India, p. 211

Joseph, A. 2002. Histological, histochemical and biochemical
characterization of male morphotypes of Macrobrachium
rosenbergii (de Man). Ph. D thesis, Cochin University of
Science and Technology, Cochin, p. 212

Joseph, A. and Kurup, B.M. 1998. Histological characterization of male
morphotypes of Macrobraghium rosenbergii (de Man). Riverine
and Reservoir Fisheries of India (cds. Boopendranath, M.R.,
Meenakumari, B., Joseph, J., Sankar, T.V., Praveen, P. and
Edwin, L.). Society of Fisheries Technologists (India), Cochin,
pp. 245-255

*Juchault, P. and Legrand, J.J. 1967. Contribution a ’le’ etude du
controle neurohumarate de la glande androge’ne chez les
onoschides. C.R. Ilebd. Se’anc. Acad. Sci. Paris. 264: 1644-
1646

Kallen, J. and Meusy, J.J. 1989. Do the hormones VIH and CHH
crustaceans have a common precursor? Immunolocalization of
VIH and CHH in the X-organ sinus gland complex of the

lobster Homarus americanus. J. Invert. Reprod. Dev. 16: 43-52



98

0
*Kamaguchi, Y. 1971. Studies of moulting in freshwater prawn

Palaemon paucidens: effect of eyestalk removal in relation to
the state of ovarian growth . J. Fac. Sci Hakkachio Univ. Ser.
Zool. 18: 24-31

*Karlson, P. 1956. Biochemical studies on insect hormones, vitamins.
Iormones. 14: 227-266

Karplus, 1. and Hulata, G. 1995. Social control of growth in
\ Macrobrachium rosenbergii. The elfect of unilateral eyestalk

ablation on jumpers and laggards. Aquaculture. 138: 181-190

Kelemec, J.A. and Smith, L.R. 1980. Induced ovarian development and
spawning of Penaeus plebejus in a recirculating laboratory tank

after unilateral eyestalk enucleation. Aguaculture. 21: 55-62

Kelk-kawinska, I%. and Bomirski, A. 1975. Ovary inhibiting in the
shrimp (Crangon crangon) cycstalks during the reproductive

cycle. Gen. Comp. Endocrinol. 25: 9-13

King, J.E. 1948. A study of the reproductive organs in the common
marine shrimp, Penaeus setiferus (Linnaeus). Biol. Bull. 94:

244-262

*Kirkegard, -I. and Walker, R.JI. 1970. Synopsis of biological data on
the eastern king prawn Plnaeus plebejus Hesse 1865. Fish
Synop. CSIRO.7:1-8

Knowles, F.G.W. and Carlisle, D. 1956. Endocrine control in crustacea.
Biol. Rev. 31: 396-473



99

)
Koshio, S., Teshima, S. and Kanazawa, A. 1992. Effect of unilateral

cyestalk ablation and feeding frequencies on growth, survival,
and body compositions of juvenile freshwater prawn,

Macrobrachium rosenbergii. Bull. Japanese Soc. Sci. Fish.
58(8): 1419-1425

Kulkarni, G.K. and Nagabhusanam, R. 1979. Mobilisation of organic
reserves during ovarian development in a marine penaeid prawn
Parapenaeopsis hardwickii (Meirs) (Crustacea- Decapoda-
Penaeidac). Aquaculture. 18: 373-377

Kulkarni, G.K. and Nagabhusanam, R. 1980. Role of ovary-inhibiting
hormone. from eyestalks of marine penaeid prawns
(Parapenaeopsis hardwickii) during ovarian development cycle.

Aquaculture. 19: 13-19

Kulkarni, G.K., Nagabhusanam, R. and Joshi, P.K. 1979. Effects of
progesterone on ovarian maturation in a marine penaeid prawn
Parapenaeopsis hardwickii (Meirs, 1878). Indian J. Exp. Biol.
17: 986-987

Kumari, S.S. and Pandian, T.J. 1987. Effects of unilateral eyestalk
ablation on growth, reproduction and energy budget of

Macrobrachium nobilii, Asian Fish. Sci. 1:1-17

Kurup, B.M., Sebastian, M.J., Sa?lkaran, T.M. and Rabindranath, P.
1992. Fishery and Biology of Macrobrachium spp. in
Vembanad lake. Freshwater Prawns (ed. Silas, E.G.).



100

Proceedings of the National Symposium on Freshwater Prawns,

1990. Kerala Agricultural University, Thrissur, pp. 78-89

Kurup, K.N.P. and Adiyodi, R.G. 1980. Patterns of regeneration during
the breeding in the crab Paratelphusa hydrodromous (Herbst)
Progress in Invertebrate Reproduction Aquaculture (eds.
Subramoniam, T. and Varadarajan, S.). New Century Printers,

Madras, pp. 25-26

*Lachaise, I'. and Hoffman, J.A. 1977. Ecdysone et development chez

un De’capode, Carcinus mgenas. C. R. Acad. Sci. Paris. 285:
701~ 704

Lachaise, F., e Roux, A., Hubert, M. and Lafont, R. 1993. The
moulting gland of crustaceans: Localization, activity and

endocrine control (a review). J. Crust. Biol. 13: 198-234

ILandau, M., Tauler, 1L and llomola, 1i. 1989. Control of methyl
farnosoate synthesis in mandibular organ of the crayfish
Procambarus clarkii: cvidence for peptide neurohormone with

dual function. J. Invert. Reprod. Dev. 16: 165-168

*Laubier-Bonichon, A. 1978. licophysiologic de la reproduction chex
la crevetle Penaeuns japonicus ‘I'rois annees d’cxperience on

milcu controle. Oceanol. Acta. 1: 135-150

Laubicr-Bonichon, A. and Laubier, L.L. 1979. Reproduction controlec
chez la crevette Penaeus japonicus. Advances in Aquaculture
(eds. Pillay, T.V.R. and Dill, W.A.). Fishing News Books Ltd.,
Surrey, England, pp. 273-277



o - 2260

Laufer, I1. and Landau, M. 1991. Endocrine control of reproduction in
shrimp and other crustacea. Frontiers of Shrimp Research (eds.
Delouch, P.I., Dougherty, W.J. and Davidson, M.A.). Elsevier
Science Publishers, Amsterdam, pp. 65-82 '

Laufer, H., Borst, D., Baker, I*.C., Carrasco, C., Sinkins, M., Renter,
C.C., Tsai, I.W. and Schooley, P. A. 1987b. Identification of a

juvenile hormone likes compound in crustacea. Science. 235:

202-205

*Laufer, H., Borst, D.W. and Hoalola, E. 1986. The synthesis and
regulation of methyle farnosoate, a new juvenile hormone for
crustacean reproduction. Advance in Invertebrate Reproduction
(eds. Porchet, M., Andrien, J.C. and Dhainant, A.). Elsevier
Science Publishers, Amsterdam, pp. 135-143

*Laufer, ., [Jomola, . and Landau, M. 1987a. Control of methyl
farnosoate synthesis in crustacean mandibular organs. American
Zool.27: 41-49

*Laufer, H., Homola, E. and Landau, M. 1992. Hormonal regulation of
reproduction in female Crustacea. NOAA. Tech. Rep. NMF'S.
106: 89-97 '

Lawrence, A.L., Akiyamine, Y., Middleditch, B.S., Chamberlain, G.
and Hutchinson, D. 1980. Maturation and reproduction of

Penaeus setiferus in captivity. Proc. World Maricult. Soc. 11:
481-487



102

Lawrence, AL, Ward, D., Missler, S., Brown, A., Mc vey, J. and
Middleditch, B.S. 1979. Organ indices and biochemical levels
of ova from penaeid shrimps maintained in captivity versus

those captured in wild. Proc. World Maricult. Soc. 10: 453-463

*Le Roux, A. 1968. Description d’ organes mandibularies on veaux
chez les crustace’s decapods. C. R. Hebd. Acad. Sci. Paris.
266(D): 1414-1417 "

Leung-Trijillo, L.R. aﬁd Addison, L. 1990. The effect of ascorbic acid
on sperm and spermatophore quality in Penaeus vannamei
males fed on prepared diets. J. World Aquacult. Soc. 19(1):
46A-47A

Ling, S.W. 1969. The general biology and development of
Macrobrachium rosenbergii (de Man). Fisheries Report No.

57(3), Food and Agricultural Organization, Rome, p.129

*Lisk, R.D. 1961. Estradiol- 178 in the eggs of American lobster,

Homarus americanus, Canadian J. Biochem. Physiol. 39: 659-
662

0

*Lockwood, A.P.M. 1968. Aspects of physiology of crustacea. London
Oliver and Boyd, London, p.342

Lumare, F. 1979. Reproduction of Penaeus kerathurus using eyestalk

ablation. Aquaculture. 18: 203-214

Lumare, F., Scordella, G., Zanella, L. and Tessarin, C. 1996. Ovarian

maturation and reproduction in captivity of Penaeus monodon



103

(Decapoda, Penaeidae), on the northeast coast of Italy. Oebalia,
Taranto. 22: 65-70

Makinouchi, S. and Primavera, J.J1. 1987. Maturation and spawning of
Penaeus indicus using different ablation methods. Aquaculture.
62: 73-81

Malecha, S.R. 1983. Commercial pond production of the fresh water
prawn, Macrobrachium rosenbergii in Hawaii. Handbook of
Mariculture vol. I Crustacean Aquaculture (ed. Mc Vey, 1.P.).
CRC Press, Inc. Bocal Raton, Florida, pp. 442-443

*Manna, A.K. and Rant, S.K. 1991. Clutch size in two shrimp species
Macrobrachium lamarrei and Macrobrachium dayanum.

FEnviron. Ecol. 9: 349-351

Mathavan, S. and Murugadass, S. 1988. An improved design for in
vitro hatching of Macrobrachium cggs. Asian Fish. Sci. 1: 197-

201

Mathavan, S., Murugadass, S. and Marian, M.P. 1986. Ontogenic
changes in the compgpsition and energy budget of
Macrobrachium malcolmsonii. The first Asian Fisheries Forum
(eds. Maclean, J.I, Dizon, L.B. and Hosillos, L.V.). Asian
Fisheries Society, Manila, Philippines, pp.647-650

*Mattson, M.P. and Spaziani, E. 1985. 5- tryptamine mediate release of
the moult inhibiting hormone activity from isolated crab

eyestalk ganglia. Biol. Bull. 169: 246-255



104

Middleditch, B.S., Missler, S.R., Ward, D.G., Mc vey, J.P., Brown, A.
and Lawrence, A.L. 1979. Maturation of penaeid shrimp:
Dictary fatty acids. Proc. World Maricult. Soc. 10: 472-476

Moore, D.W., Sherry, R.W. and Montanez, K. 1974. Maturation of
Penaeus californiensis in captivity. Proc. World Maricult. Soc.
5:445-449

)

*Moshika, K. 1983. Diffcrence in the egg and clutch size of prawn,

Macrobrachium nipponense (de Haan) between brackish and

freshwaler of a river. Zool. Mag. Zool. Soc. Japan. 92: 1-9

*Moshika, K. 1984. Crossing in captivity between the estuarine and
. upper freshwater individuals of different reproductive traits in
the long armed prawn, Macrobrachium nipponense (de Haan).

Japanese. J. FEcol. 34: 229-231

Murugadass, S., Mathavan, S., Marian, M.P. and Pandian, T.J. 1988.
Influence of cyestalk ablation on growth and egg production in
Macrobrachium malcolmsonii. The First Indian Fisheries
Forum Proceedings (ed. Mohan Joseph, M.). Asian Fisheries
Society, Indian Branch, Mangalore, pp. 111-114

Muthu, M.S. 1983. Penacid broodstock development and management.
Proceedings of National Symposium on Shrimp Seed production

and hatchery management, MPEDA, Cochin, pp.97-116

Muthu, M.S. and Laxminarayana, A. 1979. Induced breeding of the
Indian white prawn, Penaeus indicus. Mar. Fish. Infr. Ser. T &

R No. 9: 6-7



105

Muthu, M.S. and Laxminarayana, A. 1982. Induced maturation of
Penaeid prawn- a review. Proceedings of Symposium on
Coastal Aquaculture. Marine Biological Association of India,

Cochin, pp.16-27

Muthu, M.S. and Laxminarayana, A. 1984. Artificial isemination of
Penaeus monodon. Curr. Sci. 53: 1075-1077

Muthu, M.S., Laxminarayana, A. and Mohammed, K.H. 1984. pH as a
factor influencing maturatbon of Penaeus indicus in captivity.

Indian J. Fish, 31: 217-222

Nagabhushanam, R., Machale, P.R. and Sarogini, R. 1988. Presence of
ovarian stimulating factors in brain and thoracic ganglion of
freshwater prawn, Macrobrachium kistensis. J. Zool. Res. 1: 17-
21

Narayanan, S. and Adiyodi, K.G. 1992. The inter-relationship between
moulting and ovarian growth during the breeding season in the
freshwater shrimp, Macrobrachium idella. Freshwater Prawns
(cd. Silas, E.G.). Proceedings of the National Symposium on
Freshwater Prawns, 1990. Kerala Agricultural University,

Thrissur, pp. 137-141

Nascimento, I.A., Bray, W.A., Leung-Trujillo, I.R. and Lawrence, A.L.
1991. Reproduction of ablated and unablated Penaeus schimitti
in captivity using diets consisting of fresh frozen natural and

dried formulated feed. Aquaculture. 99: 387-398



106

New, M.B. 2000. History and global status of freshwater prawn
farming. Freshwater prawn- culture (A farming of
Macrobrachium rosenbergii) (eds. New, M.B. and Valenti,
W.C.). Blackwell Science Ltd., USA, pp.1-12

New, M.B. and Singholka, S. 1982. Freshwater prawn farming A

manual for culture of Macrobrachium rosenbergii. Fisheries
technical paper (225) Rev. FAO, Rome, p.118

O’Donovan, P., Abraham, M. and Cohen, J. 1984, The ovarian cycle
during the intermoult in ovigerous Macrobrachium rosenbergii.

Aquaculiure. 36: 347-358

Okumura, T. and Aida, K. 2001. Effects of bilateral cyestalk ablation
on molting and ovarian development in the giant freshwater

prawn, Macrobrachium rosenbergii. Fish. Sci. 67: 1125-1135

Ollivier, I'., De Clarke, D., Diederik, K.H. and De Loof, A. 1986.
Identification of non-ecdysteroid in the hemolymph of both
male and female Astacus leptodactylus (Crustacea) by gas

chromatographic mass spegjrometry. Gen. Comp. Endocrinol.
61:214-228

Oltra, R. and San [leliu, J.M. 1990. Data on fecundity and larval
survival of Penaeus kerathurus (Forskal, 1775) and Penaeus
Japonicus (Bate, 1988). Aquaculture. 42: 88-92

Otsu, T. 1960. Precocious development of the ovarics in the crab,
Potamon dehaani following implantation of thoracic ganglion.
Annot. Zool. Japan. 33: 90-96



107

*Otsu, T. 1963. Biochemical control of sexual cycle in the freshwater

crab, Potaman dehaani. Embryologica. 8: 1-20

Pandian, T.J. and Balasundaram. 1982. Moulting and spawning cycles
in Macrobrachium nobilii (Henderson and Mathai). Intern. J.

Invert. Reprod. 5: 21-30

*Panouse, J.3. 1943. Influence de’ I’ ablation de pe’doncule oculaire
sur la croissance de I’ ovaric chez la crevetie Leander serratus.

C.R. Acad. Sci. Paris. 217: 553-555

*Panouse, J.I3. 1944. L’action de la glande du sinus sur ] ovarie chez ]a

crevetle Leander. C.R. Acad. Sci. Paris. 218: 293-294

*Panouse, J.B. 1946. Rescarches sur les pheromones humoraux chez
les crustace’s ’adaptation chromatograophique et la croissance
ovaricnne chez la crevelte Leander serratus Ann. Inst

Oceanogra. Monaco, pp. 23-65

Pantin, C.I.A. 1948. Notes on microscopical technique for zoologist.

Cambridge University Press, Cambridge, p. 275

Patil, C.S. 2001. Role ol a putative male pheromone in the ovarian
maturation of the freshwater prawn Macrobrachium idella
(Hilgendorl). M.F.Sc thesis, Kerala Agricultural University,
Thrissur, p. 94

Patra, R W.R. 1976. The fecundity of Macrobrachium rosenbergii (de
' Man). Bangladesh J. Zool. 4: 63-72



108

Patwardhan, S.S. 1937. Palaemon (The Indian River Prawn). The
Indian Zoological Memoirs on Indian Animal Types Vol. 6 (ed.
Bahl, K.N.). Ilindustan Publishing House, New Delhi, pp. 1-
100

*Paulus, J.E. 1984. Hormonal control of vitellogenesis in a decapod
crustacean (Brachyura). Ph. D. thesis, University, Connecticut,

p.243

Paulus, J.E. and Laufer, H. 1987. Vitellogenesis in the hepatopancreas
of Carcinus maenas and Libinia emarginata (Decapoda,

Brachyura). I;rtern. J. Invert. Reprod. Dev. 11: 29-44

*Payen, G.G., Costlow, J1.D. and Charniaux-cotton, H. 1967.
Researches -sur le de Ia neuroendocrine secretion dan la

differentiation sexulle du crabe, Callinectes supidus Rathbun.

C. R. Acad. Sci. Paris. 264: 2148-2151

*Perez Cruz, E., Diaz Herrera, . and Luna Figueroa, J. 1995. Effect of
unilateral eyestalk ablation and phbtoperiod on energy budget
of Macrobrachium rosenbergii (Crustacea, Palaemonidae).

Rivista Italiana di Acquacolture (Italy). 30(2): 87- 91

Pernomo, Ali. and Hamami, E. 1983. Induced gonad maturation,
spawning and hatching of eyestalk ablated and pond grown
Penaeus monodon in the recirculating water environment.
International Conference on Warmwater Aquaéulture Hawaii,
Feb 7-11, 1983 (ed. Pernomo, Ali.). University of Hawaii,
Hawaii, pp. 97-102



109

*Persis, B. and Sarojini, R. 1985. OYary inhibiting hormone activity of
the eyestalk of the freshwater prawn Caridina rajadhari.
Uttarpradesh J. Zool. 5(2): 156-163

Petriella, A.M. and Diaz, A.C. 1987. Influence of eyestalk ablation on
moulting frequency and gonadal maturation of the Argentine

prawn Artemesia longinaris Bate. J. Aqua. Trop. 2: 17-24

Ponnuchamy, S., Ravichandra Reddy, S. and Katre Sakuntla. 1981.
Effcets of eyestalk ablation on growth and food conversion

efficiency of the freshwater prawn Macrobrachium lanchestri

(de Man). Hydrobiologica.77: 77-80

Primavera, J.B. 1985. A review of maturation and reproduction in
closed thelycum penaeids. Proc. First. Int. Cont. Cul. Penaeid
- shrimps. SEAFDEC, Illoilo city, Philippines, pp.47-64

Primavera, J.B. 1988. Maturation, reproduction and broodstock
technology. Biology and culture of Penaeus monodon (ed.
Primavera, J.B.). SEAFDEC, Illoilo city, pp. 37-57

Primavera, J.I1. 1978. Induced maturation and spawning in five month

old Penaeus monodon Tabricius by cyestalk ablation.

Aquaculture. 13: 355-359

Primavera, J.H: 1979. Notes on courtship and mating behavior of
Penaeus  monodon  FaBricius (Decapoda,  Natantia).

Crz(staceana. 37:287-292



110

*Primavera, J.I1. 1983. Broodstock sugpo (Penaeus monodon
Fabricius). Ixtension manugl, SEAFDEC, Aquaculture Dept.,
Hlloilo, Philippines, p.22

Primavera, J.H. 1985. A review of maturation and reproduction in
closed thelycum prawns. Proceedings of the first International
Conference on the culture of Penaeid prawns/shrimps in 1984.
Aquaculture Depanment; SEATFDEC, Illoilo city, Phillippines,
pp.47-64

*Primavera, J.II. and Boroglan, E. 1977. Notes on ovarian
rematuration of ablated sugpo (prawn) Penaeus monodon
Fabricius. Quarterly Research Report. Aquaculture Department,
SEAFDEC, llloilo city, Philippines, p.78

Primavera, J.H. and Posodas, R.A. 1981. Studies on the egg quality of
Penaeus monodon Fabricius based on morphology and hatching

rates. Aquaculture. 22: 269-277

Primavera, J.H., Young, T. and De Los Reyes, C. 1982. Survival,
maturation, fecundity and hatching rates of unablated and
ablated Penaeus indicus H.M. Edwards from brackishwater

ponds. Proc. Symp. Coastal Aquaaculture. 1: 48-54

*Pudadera, R.A. and Primavera, J.H. 1981. Effects of light quality and
eyestalk ablation on ovarian maturation in Penaeus monodon.
Kalikasam Philipp. J. Biol. 10: 231-240

)
Quackenbush, L.S. 1986. Crustacean endocrinology - a review.

Canadian J. Fish. Aquat. Sci. 43: 2271-2282



111

Quackenbush, L.S. 1989. Yolk protein production in the marine shrimp
Penaeus vannamei. J. Crust. Biol. 9: 509-516

Quackenbush, L.S. 1991. Refulation of vitellogenesis in Penacid
shrimp. Frontiers of Shrimp Research (eds. Delouch, P.I.,
Dougherty, W.J. and Davidson, M.A.). Elsevier Science
Publishers, Amsterdam, pp. 71-81

Quackenbush, L.S. and Herrnkind, W.F. 1981. Regulation of moult and
gonadal development in the spiny lobster, Panulirus argus
(Crustacea: Palinuridac): cffect of eyestalk ablation. Comp.
Biochem. Physiol. 69A: 523-527

0

Quackenbush, L.S. and Herrnkind, W.I%. 1983. Partial characterization

of eyestalk hormones controlling molt and gonad development

in the spiny lobster, Panulirus argus. J. Crust. Biol. 13: 34-44

*Quackenbush, L.S. and Kelley, L.L. 1987. Vitellogenesis in the

shrimp Penaeus vannamei. American Zool. 27: 25-32

Quinitio, E.T., IHara, A., Yamauchi, K., Mizushima, T. and Fuji,
' A.1989. Identification and characterization of vitellin in a

hermaphrodite shrimp, Pandalus kessleri. Comp. Biochem.

Physiol. 94(B): 445-451

Quinitio, [L.T., Yamouchi, K., Ilara, A. and [uji, A. 1991. Proliles of
progesterone and estradiol like substances in the hemolymph of

female Pandalus kesseleri during an annual reproductive cycle.

Gen. Comp. Endocrinol. 81: 343- 348



112

" *Raabe, M. 1982. Insect hormones. Plenum, New York, p. 352

Ra’anan, 7. and Sagi, A. 1985. Alternative mating strategics in males
ol the {reshwater prawn, Macrobrachium rosenbergii (de Man).

Biol. Bull. 169: 592-601

Racotla, I.S., Palacios, P., Mechetnov, I5. and Carreno, . 2000. Lffect
of ablation on reproductive  performance  and  biochemical
composilion of eggs, nauplii and spawner lissues in Penacus
vannamei. Proceedings of the symposium held in Brest, 19-20
November, 1998 (cds. Guezennec, J., Roy, P. and Samain, J.F.).
[{remer, Plouzane (I'rance), pp. 184-187

*Rajayalakshmi, T. 1961. Studics on the maturation and breeding in

some estuarine palacmonid prawns. Proc. Nat. Inst. Sci. India.

27 B (4): 179-188

" ajyalakshmi, 1. 1975. Contributions to the knowledge on the biology
of some cstuarine prawns. 1. Sc. thesis, Waltair University,

Vishakhapatnam, p. 104

Rajayalakshmi, T. 1980. Comparative study of the biology of the.
freshwater prawn, Macrobrachium malcolimsonii of Godawari

and Iooghly river systems. Proc. Nat. Inst. Sci. India. 1: 72-89

Rajyalakshmi, T., Ravichandran, D)., Pillay, S.M. and Mohanty, AN,
1988. Induced maturation of Penaeus monodon in a
recirculatory  system.  The First Asian  Fisheries Forum
Proceedings (ed. Mohan Joseph, M.). Asian Fisheries Society,

Indian Branch, Mangalore, pp. 103-105.



113

Raman, K. 1967. Obscrvations on the fisheries and biology of the giant
freshwater prawn, Macrobrachium rosenbergii (de Man).
Proceedings of Symposium on Crustacea, Marine Biological
Association of India, Part II: 649-669

Rangnekar, P.V. and Deshmukh, R.D. 1968. Effects of eyestalk
ablation on the ovarian growth of the marine crab, Scylla

serrrata (Froskal). J. Anim. Morphol. Physiol. 15: 116-126

Rao, K.J. 1986. Life history and behaviour of Macrobrachium
malcolmsonii (I, Milne Edwards). Training in giant freshwater
prawn farming. Bullctin No. 47. CICFRI, Barrackpore, p.120

Rao, K.J. 1991. Reproductive biolngy of the giant freshwater prawn,
Macrobrachium rosenbergii (de Man) from lake Xolleru
(Andhra Pradesh). Indian J. Anim. Sci. 61(7): 780-787

Rao, R.M. 1967. Studies on the biology of Macrobrachium rosenbergii
(de Man) in Hooghly estuary with notes on its fishery. Proc.
Nat. Inst. Sci. India. 33 B (5&06): 253-279

Richardson, H.G., Deccaraman, M. and Tingerman, M. 1991. The
effect of biogenic amines on ovarian development in the fiddler

crab, Uca pugilator. Com. Biochem. Physiol, 93(C): 53- 56

*Rodriquez, L.M. 1979. A guide to the mass scale production of
Penaeus monodon spawners. Aquaculture Dept., SEAFDEC,
Figbaun, Philippines (Lop) Mimco, p. 322



114

0

*Ruangpaint, N., Manevong, S., Pachemanee, T. and Tanan, T. 1981.
Induced ovarian maturation and rematuration of Penaeus
monodon Fabricius by eyestalk ablation. Annual Report of
National Institute of Coastal Aquaculture. Fisheries

Department, Thailand, pp. 82-106

*Sagi, A. 1984. Altcrnative reproduction strategies in male populations
of the freshwater prawn, Macrobrachium rosenbergii. M.Sc

thesis, Hebrew University of Jerusalem, Jerusalem, p. 50

Sagi, A., Cohen, D. and Milner, Y. 1990. Effect of androgenic gland
ablation in morphometric differentiation of sexual characters of

male freshwater prawn Macrobrachium rosenbergii (Decapoda,

Palacmonidac). Biol. Bull. 174: 330-336

Sagi, A., Ra’anan, Z., Cohen, D. and Wax, Y. 1986. Production of
Macrobrachium rosenbergii on monosex population yield

characteristics under intensive monoculture conditions in cages.

Aquaculture. 51: 265-275

*Salvat, B. 1967. La macrofaune cancinologique ’endogee des
sediments meubles intertidaux (Tanaidaces, Isopodes et
Amphipodes), cthologic, bionomic ¢t cycle biologique. Mem.

Mus. Nat. Hist. Nat., Paris. Ser. A. Zool. 45: 139-163

Sandifer, P.A. and Smith, T.LY. 1979. A method for artificial
insemination of Macrobrachium prawns and its potential use in

inheritance and hybridization studies. Proc. World Maricult.
Soc. 10: 403-418



115

Sandifer, P.A. and Smith, T.LI. 1985. Freshwater Prawns. Crustacean
and Mollusc Aquaculture in the United States (eds. Humer, 1.V.
and Brown, LE.I.). Avi book Published by Van Nostrand
Reinhold, New York, pp. 63-126

Sanjeeviraj, G., Ravikumar, B. and Gopalakrishnan, P. 1997. Effect of
eyestalk ablation on moulting and growth of different size
groups of Macrobrachium rosenbergii (de Man). Water Quality
issues in Aquaculture systems (cds. Santhanam, R., Ramadhas,
V. and Gopalakrishnan, P.). Proceedings of the National
Seminar on Water Quality issues in Aquaculture systems Dec
18 and 19, 1996. Tamil Nadu Veterinary and Animal Science
University, Tuticorin (India), pp. 147-158

Santiago, Jr. 1977. Successful spawning of cultured Penaeis monodon

Fabricius after eyestalk ablation. Aquaculture. 11: 185-196

*Schniederman, A. and Gilbert, I.I. 1958. Substances with juvenile

hormone activity in crustacea and other invertebrates. Biol. Bull.

115:530- 535

Schone, H. 1961. Complex behaviour. The Physiology of Crustacea,
Sense organs, Integration and Behaviour Vol. I (ed. Waterman,

T.1.). Academic Press, New York, pp. 465-520

*Schone, 11 1968. Agonistic and scxual display in aquatic and

semiterrestrial Brachyuran crabs. American Zool. 8: 641-654

*Scudamore, ILH. 1948. Factors ipflluencing moulting rate and sexual

cycles in Cray fish. Biol. Bull. 95: 229-237



116

Sebastian, A. 1993. Comparative study on certain aspects of biology of
Macrobrachium  equidens equidens (Dana, 1852) and
Macrobrachium equidens piflai (Jayachandran, 1989). M.F.Sc.
thesis, Kerala Agricultural University, Thrissur, p.183

Sebastian, M.J.,, Nair, C.M. and Joseph, A. 1993. Trouts, Eels,
Freshwater prawns and Cray fishes. Freshwater Prawns
Handbook on Aqua farming (ed. Sakthivel, M.). MPEDA,
Cochin, pp. 57-90

Sherine, S.C. 1998. Effect of eyestalk ablation on androgenic gland and
male secondary scxual characters in Macrobrachium idella
(Lilgendorf). M.F.Sc thesis, Kerala Agricultural University,
Thrissur, p. 57

Shyama, S.K. 1987. Studies on moulting and reproduction in the prawn
Macrobrachium idella (Feller). Mahasagar. 20(1): 15-21

Simon, C.M. 1982. Large-scale commercial application of Penaeid

maturation technology. J. World. Aquacult. Soc. 1:301-302

Skinner, D.M. 1985. Molting and regeneration. The biology of
Crustacea (eds. Bliss, D.E. and Mantil, L.H.). Academic.
Press, New York, pp. 43-145.

Smith, R.I. 1940. Studies on the effects of eyestalk removal upon
young crayfish (Cambarus clarkii Girad). Biol. Bull. 9: 145-152



117

Soundarapandian, P., Jhon Samuecl, M. and Kannupandi, T. 1995.
Induced maturation and crossbreeding of Macrobrachium

malcolmsonii and Macrobrachium rosenbergii. Mahasagar.
28(1&2): 103-107

*Souty, C. and DPicaud, J.C. 1984. Effect de I’injection d’une
gonadotropine humaine sur la synthese et la liberatio de la
vitellenine par le tissue adipeux du crustae isopode marine
Idotea balthica basteri Adouin. Gen. Comp. Endocrinol. 54:
418-421

*Soyez, D., Le Caer, J.P., Noel, P.L. and Rossier, J. 1991. Primary
structure of two isoforms of vitellogenesis inhibiting hormone
from the lobster flomorus americanus. Neuropeptides. 20: 25-
0
32
Stephens, G.1.. 1952. Mechanisams regulating reproductive cycle in the

craylish Cambarus the [emale cycle. Physiol. Zool. 25: 70-84"

Strickland, J.D.H. and Parsons, T.R. 1972. A practical handbook of
seawater analysis. Sccond edition. Fisherics Research Board,

Canada, p.310

Subramoniam, M. 1987. Culture of giant fresh water prawn. CICI'R],

Barrackpore, p.28

Subramoniam, T. 1988. Recproductive enginecring in crustacean

aquaculture. J. Indian Fish. Assoc.18: 27-31



118

Subramoniam, T. and Keller, R. 1993. A new look at the endocrine
regulation of egg maturation in the decapod crustaceans. Curr.

Sci. 65: 619-622

Sudarsanam, K., Nallippan, S. and Felix, S. 1990. Influences of
cyestalk ablation on growth, moulting frequency, food
consumption and food conversion efficiency in Penaeus
monodon Tabricius. The Second Indian Fisheries Forum
Proceedings (ed. Mohan Joseph, M.). Asian Iisheries Society,
Indian Branch, Mangalore, pp.103-107

Sureshkumar, S. and Kurup, B.M. 1998. Reproductive activity of male
morphotypes of Macrobrachium rosenbergii (de Man) and their
performance in brood stock rearing and larval production. J.

Aqua. Trop. 13(2): 87-94

Susheela, J.,, Nair, CM. and Thampy, D.M. 1992. Culture of
Macrobrachium rosenbergii in homestead ponds. Freshwater
prawns  (ed.  Silas, ILG.). Proceeding of the National
Symposium on Ireshwater prawns, 1990. Kerala Agricultural

University, Thrissur, pp. 200-205

Takayanagi, T1, Yamamoto, Y. and Takeda, N.C. 1986b. Ovary
stimulating pheromone in the f{resh water shrimp, Paratya

compressa.J. I'xp. Zool. 240: 397-400

Tensen, C.P., Jansen, K.P.C. and Van herp, I'. 1989. Isolation and
characterization and physiological significance of crustacean

hyperglycemic factors from the sinus gland of the lobster,



119

Homarus americanus (Milne Edwards). Intern. J. Invert.
Reprod. Dev. 16: 155-164.

*Teshima, S. and Kanazawa, A. 1971. Production of keto-icstosterone
and other steroids by the sliced ovaries of Portunus

trituberculatus. Bull. Japanese Soc. Sci. Fish. 37: 246-249

Tripathi, S.D. 1992. Status of freshwater prawn fishing and farming in
India. Freshwater Prawns (cd. Silas, E.G.). Proceedings of the
National Symposium on Ireshwater Prawns, 1990. Kerala

Agricultural University, Thrissur, pp. 42-49

*Udo, P.J. and Epke, E.D. 1991. Fecundity in the African river prawn
Macrobrachium vollenhovenii (Ilerklots, 1857) from natural

habitats. J. Aqua. Trop. 6: 173-177

*Uno, Y., Begic, A.B. and Sgarashi, Y. 1975. Effect of temperature on
the activity of Macrobrachium rosenbergii. La Mer. 13(3): 150-
0
157

Varghese, A.G., Muthuraman, A.L. and Gopakumar, G. 1992. Sex
ratios in broodstock rearing of the giant prawn, Macrobrachium
rosenbergii {(de Man): a critical factor for oviposition and larval
production. FFreshwater prawns (ed. Silas, I.G.). Proceeding of
the National Symposium on Freshwater prawns, 1990. Kerala

Agricultural University, Thrissur, pp. 145-147

Venugopalan, L.K. 1988. Effect of salinity on survival and growth of
Macrobrachium  rosenbergii. M.F.Sc. thesis, Kerala

Agricultural University, Thrissur, p.141



120

Venugopalan, LK. and Thampy, D.M. 1992. Effect of salinity on
growth of the {reshwater prawn Macrobrachium rosenbergii.
Freshwater prawns (ed. Silas, E.G.). Proceedings of the
National Symposium on lgreshwaler Prawns, 1990. Kerala

Agricultural University, Thrissur, pp. 130-136

Webster, S.G. and Keller, R. 1986. Purification, Characterization and
amino acid composition of the putative molt inhibiting hormone

(MIH) of Carcinus maenas (Crustacea, decapoda). J. Comp.
Physiol. 156(B): 617-624

Wickins, J.F. 1972. Lxperiment on the culture of the spot prawns
Pandalus platyceros DBrauclt and giant freshwater prawn
Macrobrachium rosenbergii. Ministry of Agriculture, Fisheries .

Investigation series 11, 27(5): 1-23

Wilder, M.N., Okumura, T. and Aida, K. 1991. Accumulation of
ovarian ccdysteroids  in  synchronization with gonadal

development in the giant [reshwater prawn, Macrobrachium

rosenbergii. Zool. Sci. 8: 919-927

Wilder, M.N., Okumura, T., Suzuki, Y., Fusetani, N. and Aida, K.
1994, Vitellogenin production induced by cyestalk ablation in
juvenile giant [reshwater prawn, Macrobrachium rosenbergit

and trial methyl larnosoate administration. Zool. Sci. 11(1): 45-
53

Yano, I. 1985. Induced maturation and spawning in greasy back shrimp

Metapenaeus ensis by Progesterone. Aquaculture. 47: 223-229



121

*Yano, 1. 1992a. Hormonal control of reproductive maturation in

penaeid shrimp. NOAA Tech. Rep. NMFS. 106: 7-14

*Yano, I 1992b. Elfect of thoracks ganglion on vitellogenin secretion
in kuruma prawn, Penaeus japonicus. Bull. Natl. Res. Inst.
Aquacult. 21: 9-14

*Yano, 1. and Wyban, J.A. 1992. Induced ovarian maturation of
Penaeus vannamei by injection of lobster brain extract. Bull.

Walt. Res. Inst., Aquacult. Japan. Yoshokuken. Abstract: 40

Yano, I. and Wyban, J. A 1993. Effect of unilateral eyestalk ablation on
spawning and haiching in Penaeus vannamei. Bull. Natl. Res.

Inst. Aquacult. 22: 21-25

Yano, 1., Tsukimura, B., Sweeney, J.A. and Wyban, J.A. 1988.
Induced ovarian maturation of Penaeus vannamei by

implantation of lobster ganglion. J. World. Aquacult. Soc. 19:
204-209

*Yonge, C.M. 1955. Egg attachment in Crangon vulgaris and other
Caridean. Proc. of the Royal Soc. Edinburgh. 65(3)(24): 369-
400

Young, L. Janice. 1971. Variations in timing of spermatogenesis in Uca
pugnax (Smith) and possible effectors (Decapod, Brachyura,
Ocypodidac). Crustaceana. 27(1): 68-72



122

Young, N.J., Quinlan, P.T. afd Goad, L.T. 1992. Progesterone
metabolism in vitro in the decapod crustaceans, Penaeus

monodon. Gen. Comp. Endocrionl. 87: 300- 311

Young, N.J., Webster, S.G. and Rees, H.I1. 1993. Ecdysteroid, profiles
and vitcllogenesis in Penaeus monodon (Crustacea, Decapod).

J. Invert. Reprod. Dev. 24: 107- 118.
*Zukowska Aredarezyk, M. 1981. Effect of hypophyseal gonadotropins
(I'SH and LII) on the ovaries of sand shrimp Crangon crangon

(Crustacea: Decapoda). Mar. Biol. 63: 241-247

* Not consulted in original



EFFECT OF EYESTALK ABLATION ON THE REMATURATION
OF FEMALE MACROBRACHIUM ROSENBERGII (DE MAN)
' IN CAPTIVITY

By

VADHER KAILASHKUMAR HIRABHAI, gk

ABSTRACT OF THE THESIS

Submitted in partial fulfillment of the requirement for the degree

MASTER OF FISHERIES SCIENCE
Faculty of Fisheries

Kerala Agricultural University
2003

DEPARTMENT OF AQUACULTURE
COLLEGE OF FISHERIES

o
PANANGAD, COCHIN



123

ABSTRACT

The giant freshwater prawn, Macrobrachium rosenbergii is one of
the commercially important species widely cultured throughout the
tropics, subtropics and some parts of the temperate region. Non-
availability of brood stock in sufficient numbers at appropriate time has
been the greatest constraint for successful operations of prawn
hatcheries. To avoid entire dependence on natural sources, development
of brood stock of female prawns in captivity is essential. The objectives
of the present study were 1o find out the role of eyestalk ablation on
rematuration of spent female of M. rosenbergii in captive conditions and
to study the histology of the ovary during rematuration of eyestalk
ablated and unablated spent female of M. rosenbergii.

. In the remaluration experiment the effect of eyestalk ablation on
moulting fréqucncy, spawning frequency, larval hatch fecundity,
incubation period, ovarian development and ovarian index of spent
female of M. rosenbergii was evaluated for 60 days. The histology of
ovary in M. rosenbergii during rematuration was also studied. The
analysis of the result was donc with student’s t-test and paired t- test.

A significant difference was observed in moulting frequency and
spawning frequency of ablated and unablated spent female of M.
rosenbergii. Larval hatch fecundity of ablated and unablated spent
female of M. rosenbergii was not found to vary significantly. Significant
difference was fo:und in larval hatch fecundity after first time and second
time hatching of both ablated and unablated individuals. The incubation
period was not found to vary significantly among ablated and unablated.
However, slight reduction in incubation period was observed in ablated
ones.

Five histological stages of ovaries viz. previtellogenic stage, early

vitellogenic, vitellogenic and late Vitellogenic and matured cocytes were
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observed. In the histologicél sections of the ovaries, starting from spent
ovary to the ripe ovary at weckly interval, similar type of oocyte
development stages werc observed in both ablated and unablated.
However, the size ol largest oocyte in ablated was slightly higher than
the size of oocyte in unablated at each week of development. It was
observed in the present study that ovarian index of ablated spent female
was higher than unablated at each week of development.

The rematuration experiment has shown that eyestalk ablation
significantly enhanced moulting frequency and spawning frequency but
the effect was insignificant in terms of larval hatch fecundity and
incubation period in spent female of M. rosenbergii. Insignificant
increase in ovarian development and ovarian index were also observed

in ablated spent female of M. rosenbergii.



