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ABSTRACT

Bilateral eyestalk removal in Penaxus kerathurvs
(Leach) results in a precocious onest of proecdysis
and moulting. A similar but more pronounced effect
1s observed when unilateral .ablation 1s performed.

The effect of eyestalk removal was studied during
the moulting cycle of the experimental animal. The
degree of moult acceleration was dependent upan
the time of eyestalk removal relative to the age
of the prawn and also upon the time of year. Possible
mechanisms- of moult control in the Penaeus kerathurus
were discussed.

Both unilateral and bilateral eyestalk removal
caused a marked {increase 1in glycogen content of
adult female prawn represented by deposition fn
the muscle and hepatopancreas of destalked animals.

INTRODUCTION

The physiology and reproduction of crustaceans are linked to the moult
cycle. Therefore, in experimental studies it is necessary to be able to identify

accurately the stages of the moulting cycle in order to interpret observed
biochemical and biological changes.

Earlier studies of the moulting stages of Penaeid prawns have been carried
out on several species including Penaeus duorarum (Schafer, 1968) Penaeus
indicus (Read, 1977) Penaeus californiensis and Penaeus stylirostris (Huner
and Colvin, 1979) and Penaeus merguiensis (Longmuir, 1983). The moult
cycle of Penaeus esculentus has been described by (Wassenberg and Hill,
1984).

In trayfishes, eyestalk factors participate in the regulation of the direction
of tissue metabolism at various stages in the moult cycle (McWhinnie and
Chuce, 1964). On the other hand, there are quite a lot of work on the effect
of eyestalk removal on injections of extracts from those organs upon main
-physiological and biochemical processes in crustacea (McWhinnie et al.,
1969; Zerbe et al., 1970; Rangneker and Madhyastha, 1971).

Most current literature concerning moult control in crustaceans concludes
that initiation of premoult is controlled by changes in the level of moult



inhibiting hormone (MIH) produced by the eyestalk neurosecretory organs.
MIH is thought to act by repressing the secretory activity of the Y-organs,
preventing increases in circulating ecdysteriod levels, necessary for moulting
(Kleinholz and Keller, 1979). This hypothesis is based upon the fact that
eyestalk removal leads to elimination of MIH which accelerates the moulting
process (Passano, 1960 and Sochasky et al. 1973). However Sochasky et
al,, (1973) stated that moulting is not affected by removal of eyestalk.

Webter (1985) examined the effect of eyestalk removal upon moulting,
proecdysis and limb regeneration in the prawn Palaemon elegans and showed
that there is a relationship between sex, size, temperature, photoperiod,
season and time of eyestalk removal. lle also came to the conclusion that
the growth and regeneration of limbs may be stimulated by the removal
of neurosecretory tissus.

Crustacea has a large carbohydrate demand for synthesis because of
the chitin content of the integument. Since a major part of this is lost
at each moult, there is a regular drain on the body carbohydrate pool,
especially in those crustaceans with a short moult cycle such as Metapenaeus
species (Sceer and Scheer, 1951). Thus the greater part of dietary
carbohydrate is likely utilized either for oxidative metabolism or for chitin
synthesis.

Scheer and Scheer (1951) found that moult accelerating hormone of the
sensory pore-complex may be a hyperglycaemic hormone responsible for
mobilization of body carbohydrates.

Decapod eyestalk is known to contain a transglucosylase inhibitor which
controls glycogen synthesis (Wang and Scheer, 1963). Schwabe et al. (1962)

found that eyestalk ablation has no effect on the glycogen content of the
hepatopancreas. They postulated that the decrease in glycogen content
of the hepatopancreas after eyestalk ablation would suggest that the
equilibrium glycogen plays no role in the sugar metabolism. After bilateral
eyestalk removal Monin and Rangneker (1974) observed an acceleration
in glycogenesis as a postoperative metabolic effect in the hepatopancreas.

A number of biochemical analyses were carried out on the juvenile
American lobster, Homarus americanus by Mauviot and Castell (1976) to
determine whether or not eyestalk ablation had altered its composition.
Results of these investigations revealed no significant difference between
ablated and control lobsters in the glycogen content of the hepatopancreas.

It is known that metabolic reactions in crustaceans are under the influence
of eyestalk hormones (Rangneker and Medhyastha, 1971).

The aim of this study is to investigate the effect of eyestalk removal

on moult frequency and glycogen megabolism in the female prawn Penaeus
kerathurus (Leach) at different stages of maturity.
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MATERIAL AND METHODS

Specimens of Penaeus kerathurus (Leach) at different stages of maturity,
were caught during winter (from September to May) in the Al-Maadia district
of Alexandria. They weighed about 1060 gm each. They were very carefully
transported very carefully avoiding rough handling and injuries.

To study the effect of eyestalk removal, adult (mature early and late)
female prawns were put in five aquaria (each measuring 30 x 70 x 50 cm
volume, with a small amount of circulating sea water created by pumps
)} each containing 8 or 10 animals maximum. The first two contained bilateral
eyestalkless animals, the third and forth contained unilateral ablated prawns
and the normal animals are put in the Jast aquarium.

Artemia was supplied daily into the aquaria, at which time the water
was changed. Each aquarium was examined daily for moulting, spawning,
matting or death of the animals.

The animals were acclimatized to laboratory conditions for at least two
days before each experiment. The eyestalk were removed by holding the
eyes with a forceps and cutting through the flexible membrane using a
sterilized pair of scissors. Pencillin was applied to prevent infection.

One eyestalk was removed and the second eyestalk removed 24 h later
by the same procedure. After each surgery the prawn was put in filtered
sea water for recovery. Prawns were then carefully dried with blotting
paper and the total length of each animals was recorded.

After removal of the exoskeleton, each of the muscle, hepatopancreas
and ovary was removed, dried and weighed.

The experimental period of observation varied from 5 to 30 days maximum.
In general mortality was low (< 109%) and occurred within 24 h of eyestalk
removal, in which case death was attributed to the surgical procedure.
Examination of ovaries was carried out within 5 days interval.

A summary of experimental schedules
shown in Table 1.

of moulting.

T 1 and manipulative treatments was
Manipulative procedures were performed within 24 h

Determination of glycogen of the muscle, ovary and hepatopancreas
was estimated by Hassid and Abraham method (1957). ALl the results obtained
were statistically treated using Arkin and Colt formulae (1963). Comparison
of experimental results with controls was made by student's t-test, and
significance was reported at the P < 0.05 level.

Ks values (the relationship between moult stage distribution of controls

and destalked animals) were obteined according to the formula by Webster
(1985) every 3 days intervals. o
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TABLE 1 )
Experimental schedules and manipulative treatments.

Experiment (1): Eyestalk ablation (ES.A) (bilateral and unilateral ablation)
effects on moult cycle,

a- Untreated control (intact) init{al no. 25
b~ Bilateral eyestalk ablation 35
¢- Unilateral eyestalk ablation 35

Experiment (2): Moult cycle duratfon during several successive post operative
moults following bilateral and unilateral eyestalk ablatfon

(ES.A).
Group A: Eyestalk removal after the first moult {n the laboratory.
a- Untreated control (intact) init{al no. 25
b- Bilateral eyestalk ablation 35
¢- Unilateral eyestalk ablation 35
Group B: Eyestalk removal after the second moult in the laboratory.
a- Untreated. control (intact) initial no. 25
b- Bilateral eyestalk ablation 35
C- Unilateral eyestalk ablation 35

RESULTS
Observational Data
a- Moult cycle duration:

Eyestalk ablated from thirty five prawns which constituted the
experimental group. Twenty five intact prawns constituted the control
group. At the time of eyestalk removal the majority of the animals are
in the intermoult stage. Twenty-four h later the prawns had not shown
any further progress into proecdysis (Fig. 1). However, observations after
48, 72 and 96 h the experimentals clearly showed a marked acceleration
of the moult cycle i.e. at the end of 48 h 58 percent eyestalkless individuals
had initiated proecdysis stages whereas 40% only of control gnimals begin
to prepare themselves to those stages. By 72 h only about 44 percent of
the controls were in the ecdysis stages. Whereas all of the eyestalkless
aniinals were in these stages. By 86 h only 6 percent of the controls were
in the final stage of metaecdysis whereas more than half of the eyestalkless
animals were either in the final stage or had completed the formation of

‘ngw exoskeleton. The eyestalkless prawns moulted in the third and fourth

days after the start of the experiment while in the intact controls they
moulted in the fifth and sixth days.
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FIG. |.a
Acceleration of proecdysis prawn by
means of bilateral and pnilateral eyestalk
ablation, the proecdysia] changes recorded
24, 48, 72 and 96«hr after operation are shown.
a= intermoult b= proecdysis c¢= ecdysis, d= metaecdysis.

The present results clearly showed that eyestalk ablation accelerated
moult cycle and resulted in precocious ecdysis in these animals. About
thirty of the fourth stage prawns that mouited after eyestalk removal
survived and moulted again after an interval of a week whereas in the control
animals they. moulted after 10 days.

Figure 2 shows the effect of both bilateral and unilateral eyestalk removal
“upon moult cycle duration, compared to untreated controls. Of 35 animals
destalked initially, 25 animals survived one complete moult cycle with
"viable ecdysis. No deaths occurred in other groups. Both manipulative
treatments markedly accelerated moulting compared to untreated controls.
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FIG. 1.b
-Moulting frequency expressed as a cummlative
percentage for control intact prawms (A), Bilateral
eyestalk ablation (B) and Unflateral eyestalk removal (C).
Median values of moult cycle duration are shown on the
ordinate n = 25 in each case.

Moult staging during the moult cycle and statistical analysis using the Ks
test (Webster, 1985), (Table 2) demonstrated that moult acceleration was
associated with a precocious onest of proecdysis and the effect was more
detectable in unilateral eyestalk ablation. Both destalked animals accelerated
moulting compared to untreated ones. The moult cycle duration of the
unilateral eyestalk ablation group was significantly shorter than that of
the bilateral group.

b~ Growth rate:

Prawns which compléted five moujts were measured after each ecdysis
with special reference to the mean yalue of the initial total length, which
was measured after the initial laborgtory moult (Table 3). As is clear from
the table, the rate of increase of fotal length of the eyestalkless group
is more than that of the control. The average percentage of increase in
total length premoult was 14.8% for untreated group, 16.3% for bilateral
eyestalk ablated individuals and 17.5% for unilateral ablated animals.

c~ Moult frequency:

In controls, during September and October there were practically no
moults, the moult frequency increased abruptly in November till December,
and then dropped from January to April (Fig. 2 A & B). On the other hand

.
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opposite correlation between ovarian weights and moult frequency was
observed. Maximal moulting coincides with minimal ovarian weights
(December and late May).

The frequencies of moulting in destalked prawns relative to the controls
are presented in Fig. 3. Maximum effect in inducing moult occurs in
September at a time when moult frequency is low in the controls (Fig.
3 A & B). In November, when about 34% of the controls moulted, there
were slightly fewer destalked prawns that moulted 27%. In April and early
May for ovigerous prawns, the moult freguency reached maximum when
no controls moulted.

In late May both destlaked post—ovbﬁ)us prawns and their controls
moulted at a frequency of about 42%.
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TABLE 2
Ks values and significance Jevels, derived from moult stages
distributions, calculated at 3 day intervals for control,
unilateral and bilateral qyestalk ablation were calculated
and statispjcally analysed.

Deys Controi/unil, $g. Control/bil, sig.
moult €S { €S

3 0.62 NS ——- -
6 .2 p.1 1.65 1.0
9 3.z p.1 .27 0.1
12 4.25 p.1 2.50 0.1
total moult cycle 3.27 9.1 2.84 0.1

Unil. = Unflateral Sig. = Significance
B811. = Bilateral
ES = Eyegtalk ablation

TABLE 3
The average of total length (Cm) after each moult in
Penaeus kerathurus (Leach), ES = eyestalk ablation.

Initial 1 st. 2 0d. 3 th. 4 th. 5 th.

Contro) 12.140.2 13.540.4 14.5+0.4 159 %05 16.2+0.5 17.0 % 0.6

Unilater-
Al ES. 12.5%0.3 14.240.3 16,3+0.4 19.5+0.5 20.5+0.5 22.2+0.7

O1lat- 124 #0.3 13.9+0.4 155+0.3 16.8+0.5 18.8+ 0.4 20.5+0.7
eral ES. - - - - » - -

Mean value of control = 14.8
Unilateral =~ 17.5
Bilateral = 16.3

Although -there was no great differnce between controls and destlaked
prawns with respect to survival, there were two periods during this study
when mortality was high for both groups. The first in December and the
second in late May. In these cases the mortality occurred during the stage
of ecdysis or just prior to ecdysis. Puring the other months of the year
ecdysis was generally successful both for destalked and intact prawns.
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FIG. 3
A change in ovarian weights following eyestalk removal
expressed as difference from controls, as a function
of time of year: Open circles represent nonovigers;
Solid circles, April ovigers.

Total Glycogen Content

As shown from Table 4, it is clear that there are striking differences
in total glycogen of the ovary tissue between eyestalkless adult female
prawns and their matching controls. The levels of total glycogen content

are drastically lower in both operated animals at 5 and 15 days than those
obtained for normal organs.

The levels of glyogen content showed a significant progressive increase
i both muscle and hepatopancreas after ablating . After 30 days from
the bilateral eyestalk ablation, the levels of glycogen content in muscle
and hepatopancreas reached 39.81 and 26.93 mg glucose equivalent/100

mg tissue, while in untilateral, the levels were 43.5 and 34.6 mg glucose
‘equivalent/100 mg tissue (Table 4).
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TASLE ¢

"lﬂ“ vilues of tissve glycogen (miscla, oviry and hepatopancreas) of mature
individuals of Penseus kersthurvs (Leach) under normsl and eyestalkless conditions
Each mean result corresponds to mean value of S expariments, ¢ standarg amn"‘

expressed 1n mg glycogen/100 mg tissve. -

Peried Muscle

Ovary
o . Hepetops
e.—:::..n: .::':l:!;r;l bilateral unilatersl bilateral unlhu:n: peneraat dilatersl
dores * mean ¢ 5.0. mean ¢ 5.0, mean & D, wean ¢+ S.D. mean + S.0,
Control 18.3 - 1.09
. 1.8 - L.27
H 2.1+, o
0 s :' ll; 2.7 ¢+ 1.1 10.0 110 11.3 + 0.9 16.21 + 1.3 14.97 + 0,19
19 BIzLY 2.7 4013 13.75 3 1.6 126313 0314 L0 16.30 7 019
z'o Bl ;s.!r L1 1020418 9.35+1.5 u.52¢1.62 10.52 % 0.3¢
2 Basru 9.45 ¢ 115 14.92 ¢ 2.0 1.3 4 1.9 .51+ L9t 21.31 3 0.3y
s ‘;.5 : z.n 33.60 ¢ 2.31 16.4 12 1490 ¢ 0.0 .32 +2.31 25 46_:0 ; 2
S+ WeL260 1600320 M.25 410 30.635%2.% 2%6.91% 1.7
DISCUSSION

In the present study, both bilateral and unilateral eyestalk ablation of
Penacus kerathurus (Leach) accelerated the onest of proecdysis and moulting.
Similar results have been reported by Humbert (1965) and Kenneth et
al.(1977) on Palaemon serratus following selective ablation of X-organs
in the species and Webster (1985) on the bilateral eyestalk ablation of
Palaemon elegans. Comparable results have also been obtained for other
crustaceans exhibiting "diecdysic" moult cycle patterns (Freeman and Bartell,
1975). Contradictory reports showing failure to accelerate moulting in
eyestalk ablated Palaemon have been published by Carlisle (1953) and
Sochasky et al. (1973) on the grounds that many factors such as number,
size and time of eyestalk removal were not rigorously controlled.

Carlisle (1953) used female prawn Palaemon came to the conclusion that
eyestalk removal accelerated gonad development coincident with inhabiting
somatic growth and retarded moulting.

Adiyodi and Adiyodi (1970) and Kenneth et al. (1977) working on Palaemon
reported that a moult acceleration hormone in addition to the moult
inhibiting hormone are involved in the control of moulting in diecdysic
crustaceans.

In the present work the major factor influencing the degree of moult
acceleration following eyestalk removal was mainly the time of year the
operation was performed. Eyestalk removal was more effective in
accelerating moulting when performed during the summer and after the
second laboratory moult. This is {n agreement with the work done by
Fingerman and Fingerman, (1976) and Webster (1985), in female Uca
pugilator, but this was probably due to seasonal difference in gonad inhibiting
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hormone levels, antagonising the action of moult inhibiting hormone. An
explanation of the differential response to eyestalk removal related to
dge and season can be proposed by consideration of Aiken's (1969) hypothesis
that temperature and photoperiod intract to maintain high levels of moult
inhabiting hormone during the winter when moulting normally ceases
(Webster, 1985). It can be postulated that thermal shock, associated with
transfer to laboratory conditions, produce a precipitous decline in moult
. Inhibiting levels, allowing rapid moulting. This would explain why eyestalk
removal after the first moult in winter {s ineffective.

Present results confirm the hypothesis that moult inhibiting hormone
produced by eyestalk neurosecretory tissue controls the moult cycle in
Penaeus kerathurus (Leach). However, it is apparent that season and age
of the animals are of major importance upon the moulting endocrinology
of crustaceans in the laboratory.

These results suggest that the removal of eyestalks (bilateral and
unilateral) stimulates moulting in Penaeus kerathurus (Leach). The results
also support the findings of the authors studying the eyestalkless land crabs
Gecarcinus lateralis (Skinner and Graham, 1972), walking legless crayfish
Procambarus clarkii (Bittner and Kopanda, 1973) and fresh water shrimp
Palaemonetes kadiakensis (Stoffel and Herbschman, 1974).

In the present experiments, it was found that the average growth rate
of total length in the eyestalkless prawns after every moult was about
twice than that of the intact animals, and that the duration of the moult
cycles of the former was about one fourth of that of the latter. From these
data, the mean weight increase of the eyestalkless animals was larger than
the corresponding weight of the control animals 30 days after the operation.
Thus, it is clear that growth was accelrated by both bilateral and unilateral
eyestalk ablation and that the secretion of moulting hormone was induced
by the growth of the body.

The effect of eyestalk ablation on growth and moult of Macrobrachium
rosenbergii was studied by Huang et al. (1981) during 105 days for aquaculture
application. One or both eyestalks were removed and carapace length was
measured every 15 days. In the group .of bilateral eyestalk ablation, the
moult frequency and growth were greatly accelerated than that of the

unilateral eyestalk ablation group, and this in turn is higher than that of
the controlled group.

Ponnuchamy (1981) studied the bilateral eyestalk ablation in the fresh
water prawn Macrobrachium lanchesteri and showed that there was a high
mortality in the unilateral eyestalk ablated prawns exhibited a high survival

rate. He also observed that there was marked increase in the growth of
bilateral eyestalk ablated prawns.

Rajeswari et al. (1982) investigated the effect of bilateral ablation of
_eyestalks on the moulting and neurosecretory activity in the crab Uca
annulipes. He found that in immature crab, eyestalk ablation results in

. shortening of the intermoult period, initiation of unseasonal moulting,
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increased activity in neurosecretory material in the neurosecretory cells
and their concentration at optic stubs. Shortening of the intermoult period
and initiation of moulting is due to the induction of the Y-organ to secrete
moulting hormone.

Recent reviews on the metabolic events of decapod crustacea, and on -
the hormonal control of these events, have emphasized the fragmentary
nature of our present. knowledge. The present investigation is based on
a study of laboratory population of the prawn Penaeus kerathurus (Leach),
in which the content of glycogen was determined in samples drawn at
mtervals from the population.

The increase of the glycogen content in the hepatopancreas of operated
prawns may be derived ultimately either from protein or carbohydrate
or both. The fact that in ablated animals, the utilization of glucose is also
increased, might lead one to place the site of presumed endocrine effect
in the process of glycogenesis, rather than in that of glyconeogenesis (Scheer
and Scheer, 1951). Therefore, it may be postulated that, after bilateral
eyestalk removal there is a gradual transition from carbohydreate oxidation
to glycogen synthesis as a major pathway of carbohydrate metabolism.

Previous results have given support to this work, conclusive evidence
is lacking, that some endocrine hormone secretion in the eyestalk regulates
glycogen metablism and that secretion of the above hormone stops after
the operation of eyestalk amputation. This proposal was in agreement with
that of Wang and Scheer (1963) who have emphasized that decapod eyestalk
is known to contain a transglucosylase inhibitor which controls glycogen
synthesis.

The results of the present investigation agreed with that of Menon and
Sivdas (1967) for the crab, Scylla serrata (Forskal), they reported an
acceleration in glycogenesis in the hepatopancreas after bilateral eyestalk
extirpation. For the same species, Monin and Rangneker (1974) have also
noted an increase in the glycogen content of the hepatopancreas after
the operation.

1t is reasonable to suppose that the demonstration of an increased glycogen
content following eyestalk removal of the prawn Penaeus kerathurus (L)
muscles may come as a definite addition to the long list of metabolic and
other changes which are consequences of this operation.

The increase in the glycogen content as the animal approaches a moult
was already known from the study of Renaud (1949) on Cancer pagurus
and Schwabe et al. (1952) on spiny lobsters. Their data suggest that eyestalk
removal in the intermoult period increases the total glycogen of the body.
While the same operation in the premoult period result in no change. Neiland
and Scheer (1953) suggested that the eyestalk acts to retrain intermediary
metabolism in general. They postulated that the hormone tends to shift
metabolism toward increased anabolism.
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» eoutrm to tho data presented in this slndy, m.b. ct nl. (usz)
nported that eyestalk ablation has no effect on the glycogen content of
_the hepatopancress of crustaceans. A similar resulty was obtained by Mauviot
and Castell (1976) showing that their tests on juvenile and edult American
lobster HMomerus americanus revesled no significant differnce between
ablated and control lobster in the ¢lyco¢on content of the hopatopnncrus.

Byestalk ablation caused a reductlon in ecrbohyd'm out-put with an
‘apperenit tendency to glycogen. At the same time there was a significant
reduction in blood sugars below the starvation death point (Scheer and
Scheer, 1961). These results indicate that eyestalc ablation interferes with
"u:“mabmnuon of blood sugars from body reserves, end aho with their

xation
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Ihe carbohydrate metsbolism of a merine Penagid prawn
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change in glycogen content of the hepatopancreas and sbdominel muscle
‘of normal prawns when injected with eyestalk extracts from the prawns
in different moulting étages. Eyestalk extract from fintermoult prawns
eaund a ugnmem (P> 0.05) decreavs and increase in the glycogen wtlty
 and abdominal muscle respectively. Eyestalk extract
animals caused a decresse in the utilization of glycogen
m , while in postmoult prnwm it leads to an
m.-o !n this tion (Nags and Kulkarai, 1980).
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with the presest & cogen op the same snimal are in

arad, ot , who showed that there was a cant (P>
igrashiatie hWWwﬂfnmm mhmwn

' enutnl provans. Vatigtions in uanle m

¢ Binid, KF,, W00, NASUTR TRV oF apestTR wntion o The total
:::i, wdumwm(w) il last.



Bittner, G.D. and Kapanda, 1973, Factors influencing mowlttng in. the crayfish
Procambarus clarki1. J. Exp. Zool. Yol. 186: 7-16.

Garitsle, 0.B., 1953. Studies on Lymsata ssticawdats (Crustaces noemda) 1.
‘Motss on the structurs of neyrosecretory system of eyestalk. Pubbl. Staz,
Zoel. Mapeli, Vol. 24: 435, !

Fingorlln. S.M. and M. Fingerman, 1976.° Effects of time of ysar and limdb rmul
“or rates of ecdysis of ayed and eyestalkless fiddler crabs, Uca pugilator.
Merine Biology, VYol. 37: 3§)-362.

" Freeman, J.A. and C.K. Bartell, 1975. " Characterisation of the moult cycle and
its hormonal control in Palaemonets puglo (Decapoda, caridea). Gemersl and
Cospartive Endecrimelogy. Yol. 25: 517-588.

Hassid R.G. and A.L. Abraham, 1957. Chemical procedures for amlysis of
polysaccharides ia: Colowick and Kaplan, ed. Method in Emzymology, Academic
Press, Inc. Mew York. Vol. 3: 34p, .

Huang, Shu-Gin; Bor Yulev and Jiam Chyichen, 1981. Effects of ayestalk ablation
on growth and moult of fresh water prawm, Macrobrachium vosenbergii. Bull.
Inst. Tool. Acad. Sin. (Taipel). Yol. 20, 2:41-48. .

Humbert, C., 1965. Etude experimental dus role de I'organe X (pars distalis)
dans les changements de coloyr et la mue de la crevette Palaemon serratus.
Travaux de I'institut Scientifique cherifien ser. Zoologie, Yol. 32: 86 p.

Huner, J.¥. and L.B. Colvin, 1979, Observations on the moult cycles of two species
of Jjuvenile shrimp Penmtews califorwonsis and Pemsews styfirostis (Decapoda:
Crustacea) Proc. Rat. Shellfish Assoc. Vol. 69: 77-84.

¥ennath, C. Highnam and Leonard Wil), 1977. The comperative ndocrimlm of
the inavertebrates. 2 nd. Edition. London,

Kleinhoiz, L.H. ard R. Keller, 1979. Endocrine regulation in crystacea. In E.J.W.
Barrington (ed.) Hormomes and Evalutfon. New York. Acadewic press. Vol. 1:
160-213.

Kulkarni, 6.K. ; R. Nagabhushanam and P.K. Joshi, 1981. Neuroendocrime regulatiom
of reproduction in the marine female parwn Parapemseopsis kardwickii. Indian.
J. mar. Sct., Yol. 10 (4): 350-352.

Loagmuir, E., 1963, Setal development, moult staging and ecdysis im the banana
prawn Penasus mprguieasis. Mar. Biel. Yol. 77: 183-190,

Meuviot, J.C. and J.D. Castell, 1976. Moult and growth enhancing effect of
bilateral eyestalk ablation on Juvenile and adult American lobesters !h-m
smericans. J. Fish. Res. Board. Can., Vol. 33: 1922-1929.

McWhinnie, M.A, and A.5. Chua, 1964. Mormonal regulation of crustacean Hssue
metabolism . Sen. Comp. Endocr., Vol, 4: §24-633.

McWhinaje, M.A.: M.Q. Cahoon and R. Johamnack, 1969. Norwomal effects on calcium

~ metebolism in crustacea. Am. Zool., Vol. 9: 841-85§.

Menon, K.R. and P. Sivdas, 1967. 8lood sugar regulatfon in the crad Scylls serrgta:
effect of injection of eysstalk extract. Indiam J. Emp. Blel. Vol. §: 176-
179, - :

Monin, N.A. and P.Y. Rangneker, 1974. Nistochemical localization of acld and alkaline
phosphatase and glucese G-phosphatase of the hepatopancreas of the crab 3cylla
serrata (Ferskal). J. Exp. Mar. Bfol. Boel. Vol. 14: 1-18.

Naga Whushaman, R. and C.K. Kulkerni, 1380, Role of eyestalk hormone in the

-carbohydrate metabolism of a marine prawn Parepepacepais hardwickil (mmm e

_Sucapeds ,- Peapetian) m‘loh'“. Yol. 74 (!.). l“-l.”.

224




Nefland, K.A. and 8.7, ‘Scheer, 1983, The hormesal rognhuu

crustaceans. V. The influence of fasting aad ‘of ‘sims gland mvﬂ ta/bady K ‘

composition of Hemigraspus muds. Physiol. Comp. ,Vel. 3. 32.

_hum. L.M.. 1960. Moulting and its control. P. 473 6 4n T.H. Matermen {ed.),
The msiology of Crustacea. Acaduic mn.. Inc.. b Yerk md Lendaon,

Ponnuchny. R.S., 1981, The effect of eyestalk abTation on rowth: amd 1994 conversion
efficiency of the frash weter prawn Macrobrachium lanchesteri. Mrcbiologla.
vol. 77 (1}): 77-80.

Rajeswari, 6.K.; K. Shysmsundari and K. Hanvantha Res, 1982. Effect of bilateral
cbhtloa of eyestalks on the uoultinq and ncuruocrc ary activity Ia cnb Yea

) unulips

Rangneker, P.V. and M.N. Madhyastha (1971) Effect of avestalk ablatfon en the
carbohydrate metabolism of the prawn, Metapaeneus m (Fabrfcus) Indisn.
J. Exp. Biol., Yol. 9: 462-464,

Read, 6.H.L., 1977. Aspects of 1ipid metadolism in Pewx ; fadicus Wilne Edwards.
M. Sc. Thesis Univ. of Natal. _

Renaud, L., 1946. lLe cycle dee reserves organiques che. [es Crustnccs decapods.
Ann. Inst. (bunogr Monaco., Yol. 24: 259.

Schafer, H.J., 1968, Storage materials utilized by starved Mnt shrimp, Pomseus
duorarum Burkenroad. FAQ Fish. Rep. (27), Vol. 2: M3, o

Scheer, B.T. and M.A.R. Scheer, 1961. 1. Blood sugar fm spiny lobsters, 1. The
hormonal regulation of metabolism in Crusstaceans. Phvstel. Comp. , Vol, 2:
198-209.

Schwabe, C.W.; B.T. Scheer and M.A.R. Sheer, 1952. Th hormonsl regulation of
metabolism {n crustaceans. I[. The moult cycle {p Pamulires Japonices. Phymtel.
Comp., Vol. 2: 327. :

Skinner, D.M. and D.E. Graham ., 1972. Loss of Limbs a4 a stfeulus ecdyuis n
Brachyura {True crabs). Biel. Bull., Vol. 143: 222-233

Sochasky, J.B.; O.E. Alken and D.¥W. Mcleese, 1973. Doss ay-ialk ablation acceleraty
multing in the lobster Somarws smericamus? J. Fii  2es. Roard. Can., VoJ,
30: 16001603.

Stoffel, L.A. and J.H. Hubschwan, 1974. Lisd loss aad the mlt cych is the freph
water shrimp, Paleemonetes kndiskansis. 8lol. Buil,, V'~ 147:°2p3-212.

Wang, D.H. and B.T. Scheer, 1963. U.D.P.G. -Glycojen t giutosylase and mytural
{nhibitor {a crustacesn tissua, Comp. Slochem. Mysi. vol. 9: 263-274.

Wassenberg, T.J, and B.J. Hill, 1984. Moyjting behaviour the tiger prawn Peaneut
esculentus (Haswell). Aust. J. Mar. Fresine. Res. Yol. 35: 861-671.

chstcr. $.8., 1985. The effect of eyestalk removal, wownding and 1imp loss upon
“aoulting and proscdysis {n thy .prawmm h‘ln-u eleagaar (Rathke), J. hr. 8fol.
Ass. 0.K., Vol. 65: 279-292.

Zorbe, T.; A.K. Klepke and L. Obuchowicz, 1970. Morwonal regelation ef Wuq
in hepatopancreds mitochomdria of crayfish Astecus ° tedectylus (Eaghs).

The influence of sysstalk removal e the oxide-redwr 1 emzywe activity. Bwjl. -

Mmis. Sci. Lett. Pemman. Vol. 11: 45-81,

.





