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Abstract 

Unilateral eyestalk ablation in juvenile Macrobmchium nobilii advanced the 
onset of sexual maturity by 88 days. During a 330.day experiment, ablated prawns 
undertook nine moults as adults, carried seven clutches and produced an average of 
6,935 eggs. Nonablated prawns undertook four moults as adults, canied three clutches 
and produced only 2,042 eggs. Ablated female prawns allocated more energy for egg 
production than did nonablated females (0.98 J egg-1 and 0.72 J egg-1, respectively); 
this was accomplished by an improvement of food conversion efficiency in ablated 
females. 



Introduction 

Lack of spawners is the biggest constraint in the hatchery 
production of prawn seedlings (Muthu and Laxminarayana 1982). 
Hence priority in prawn culture research is given to investigations 
regarding the reproduction of prawns in captivity (Conte 1978). 
Artificial induction of spawning in penaeid shrimp has been carried 
out successfully by controlling environmental parameters such as 
photoperiod (Laubier-Bonichon and Laubier 1979), temperature, i.e., 
thermal stimulation (Lumare 1976) and by eyestalk ablation (Idyll 
1971; Lumare 1979). The last mentioned method is the simplest. For 
over a decade, eyestalk ablation has been used to induce ovarian 
maturation and spawning in many captive penaeids such as Penaeus 

monodon and P. merguiensis (Alikunhi et al. 1975), P. setiferus 
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(Brown et al. 1980), Penaeus semisulcatus (Browdy and Samocha 

1985) and lobsters, such as Panulirus homarus (Radhakrishnan and 
Vijayakumaran 1984 a, b). Hitherto, eyestalk ablation studies have 
been restricted to marine prawns and lobsters and were undertaken 
only with particular reference to vitellogenesis, ovulation and 
associated breeding activities (Lumare 1979; Emmerson 1980). 

In reptantians, moulting and reproduction are antagonistic 
events. On the other hand, in natantians energy demanding processes 

like moulting and spawning are synergistic; the available energy has 
to be apportioned simultaneously for these events. Data on allocation 
of energy for somatic growth and reproduction of crustaceans are 
meagre (e.g., Pandian and Balasundaram 1982). Among 
Macrobrachium species, the effects of different diets (Manik 1976; 
Nelson et al. 1977; Boonyaratpalin and New 1982; Millikin et al. 

1980), salinity (Smith et al. 1982) and water quality (Summer and 
Eversole 1978; Cripps and Nakamura 1979; Menasveta 1982) have 
been studied using intact M. rosenbergii. 

It is known that ablation causes precocious moulting as well as 
enhancement of growth (Mauviot and Castell 1976) and egg 
production (Browdy and Samocha 1985). The question is: from which 
source the ablated prawns draw the extra energy required for these 
activities? No investigation regarding the quantification of energy 
income and investment by intact and ablated prawns has been 
undertaken. The present paper represents a contribution to this 
emerging area in a riverine, diedysic, iteroparous caridean prawn 
Macrobrachium nobilii. 

M. nobilii is a riverine prawn occurring beneath boulders of the
river-bed in groups of 2-7 individuals. It is distributed in 
southeastern India, New Caledonia, Gavataks and Tuamotu islands. 
It grows to a maximum size of 3-5 g. 

Materials and Methods 

Healthy individuals of Macrobrachium nobilii (Henderson and 
Mathai), collected from the river Cauvery at Grand reservoir (100 
50"N: 760 43"E) during March 1984 were acclimatized (30 ± 1 °C) for 
a period of about 15 days. Over 30 freshly moulted individuals 
weighing 250 ± 50 mg were selected for the experiments; ten were 
treated as control; the others were ablated. Ablation was performed 
by severing the left eyestalk at the narrow proximal end in the region 
of the articulating membrane, using a pair of fine sterilized scissors 
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(Caillouet 1973). The wound was cauterized by placing a hot blunt 
needle over it. During the 330-day rearing experiment there was no 
mortality. Several intermoult prawns in both series were killed to 
determine the water and calorific contents at the commencement of 
the experiment; from these, calorific content of the experimental 
animals of each series was estimated separately. 

All animals were individually reared in 14 I aquaria. The 
physico-chemical properties of the water were: temperature 300C; 
dissolved oxygen 6 mg J-1; dissolved carbon dioxide 2.86 mg J-1' pH 
7. 7; conductivity 425 µ Mhos om-1; total hardness 236; alkalinity
total (in terms of CaC03) 200 mg J-1; alkalinity (Phenolphthalein) 30 
mg 1-1; chlorides 15.2 mg J-1; fluorides 0.004 mg J-1; nitrites 0.04 mg 
J-1; phosphates 0.013 mg J-1 and silicates 4.0 mg J-1.

Ammonia was estimated in water samples collected from each 
aquarium, following the method of Solorzano (1969). One mg of 
ammonia was considered equal to 5.9 cal or 24. 7 J (Elliott 1976). 

The prawns were fed once a day for four hours (1000 to 1400 
hours) on the tubificid worm Tubifex tubifex. Tubifex was selected as 
food for the following reasons: (i) M. nobilii responds more readily to 
live prey; (ii) the thread-like body of T. tubifex suits the feeding 
behaviour (manipulating process) of prawns, as the worms, which 
often form balls, can easily and quickly be picked up by the chelate 
legs and conveyed to the mouth; (iii) there is no wastage of food due to 
leaching and hence there is no fouling of the medium; (iv) high 
protein content ofTubifex (60%) makes it a promising feed for prawn 
culture (Boonyaratpalin and New 1982); (v) Tubifex can be cultured 
easily using organic wastes and water and may serve as a more 
economical feed than synthetic diets (Marian and Pandian 1984). 

Intact strings offeces were collected at 0900 hours every day and 
dried at 80oC. The entire aquarium water was changed at 0930 hours 
every day. 

Following the methods of Freeman and Bartell (1975), 
individuals were closely observed for the exact time of moult. Each 
exuvium was dried for six hours in hot air oven (80 ± 1 °C) and 
weighed in a balance sensitive to 0.1 mg. 

The onset of sexual maturity was recognized by the development 
of oostegites and ovigerous hairs on the pleopods as well as the 
appearance of pale green ovaries which could easily be observed 
through the transparent carapace. In males the second pair of chelate 
legs became elongated and more profusely covered with setae. 
Following sexual maturity, eggs were spawned immediately after the 
completion of ecdysis; the latter was designated as the berried moult 
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330-day experiment (Fig. 1). Within either series growth in males
followed an exponential trend, while that of females was sigmoidal.
The ablated and control males reached 2.1 g and 1.1 g, respectively,
while the ablated and control females attained 1.25 and 0.8 g,
respectively. Hence, unilateral eyestalk ablation and the choice of
males for monosex culture of Macrobrachium are recommended.

Eyestalk ablation also accelerated moulting frequency in both 
sexes. Ablated prawns moulted up to 20 times while controls moulted 
up to 1 7 times. Thus, the overall intermoult periods of the ablated 
and control prawns were 16.0 ± 2.5 and 19.2 ± 1.5 days, respectively. 
Whereas ablation significantly (P < 0.05) reduced the intermoult 
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Fig. 1. Growth trends observed for the control and ablated Mac�bra. 
chium nob11ii. Moulting days are indicated by interrupting points. Bars 
on the data points indicate standard deviation. 
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enhanced, unilateral ablation may save considerable time and feed 
cost of production of Macrobrachium.

Energy partitioning 

For convenience, energy stored in the body is considered here as 
net somatic growth. Cumulative growth, i.e., the energy loss as 
exuvia at successive moults together with the net somatic growth is 
referred here as total somatic growth .. Total growth in successive 
instars is the sum of somatic growth and reproductive output. Fig. 3 
presents the trends obtained for the total growth of ablated and 
unablated female and male prawns. Energy accumulated during 
growth of control or destalked females is the same as that of the 
respective males. Hence, rearing males for meat production and 
females for egg production is almost equally advantageous. 

Table 2 presents quantitative data obtained on energy allocated 
for somatic and reproductive growth, from which the following 
inferences are possible: (i) as the mid body weight during successive 
adult moults increases energy invested on growth and reproduction 
per intermoult period increases in both ablated and unablated 
prawns; (ii) considering only the first three adult intermoult periods 
when the mid body weight was more or less equal, ablated prawns 
invested significantly (P < 0.05) more energy both on growth (0.8 kJ) 
and egg production (2.0 kJ) than the controls (growth 0.6 kJ; 
reproduction 1.5 kJ). Thus independent of body weight eyestalk 
ablation promotes greater energy investment on growth and 
reproduction; (iii) investment on egg production per instar during 
successive adult intermoult periods was 2 to 3 times greater than 
that on net somatic growth in both ablated and nonablated prawns; 
for instance, during the third intermoult period, controls expended 
190 J on net somatic growth and 520 J on egg production while the 
ablated prawns averaged 290 J and 702 J, respectively; (iv) during 
the experimental period ablated individuals undertook more (9) adult 
moults than the controls (4). Consequently, ablated adults were able 
to invest approximately 3.5 times more energy on somatic growth and 
egg production. 

Data presented in Table 3 confirm the inferences drawn from 
Table 2. The ablated females of comparable body weight not only 
produced more eggs per clutch but also individually heavier eggs. On 
average, an ablated female produced 5,935 eggs, each containing 0.89 
J in comparison to 2,042 eggs (0. 7 J egg-1) produced by controls. 





T
ab

le
 3

. 
E

g
g
 p

rod
u

c
ti

o
n

 a
n

d
 e

gg
 s

iz
e 

o
f 

co
n
tr

o
l 

an
d

 a
b

la
te

d
 M

a
c
ro

b
ra

c
h

i
u
m

 n
o

b
il

ii
 r

ea
re

d
 fo

r 
a
 p

er
io

d
 o

f 
3

3
0

 d
ay

s.
 

Moul
t 

DO
, 
an

d
 mi

d 
body

 wt
. (

mg
) 

af
te

r 
se

x
u

al
 m

at
u

ri
ty

 
C

on
tr

ol
 

A
b

la
te

d 

*
6

4
2 

±
 

2
0

*
6

3
9

 
±

 
30

*
6

9
6

 ±
 

2
4

*
6

9
9

 
±

 
35

*
7

4
3

 ±
 

2
0

*
7

6
4

 
±

 
4

4
•

7
8

8
 ±

 
2

6
*

8
3

0
 

±
 

3
3

•
9

2
0

 
±

 
35

•
1

,0
1

6
 

±
 

4
0

•
1

,0
9

6
 

±
 

3
8

*
1

,1
7

0
 

±
 

2
7

*1
,2

6
0

 
±
 

3
9

T
o

ta
l 

M
ea

n
/i

na
ta

r 
x
 

±
 

*
B

er
ri

ed
 m

o
u

lt
•

N
e
u

te
r 

m
o

u
lt

E
gg

s 
D

ry
 w

t.
 o

f 
eg

gs
 

(N
o/

cl
u

tc
h)

 
(m

g/
cl

u
tc

h
) 

C
o

n
t
ro

l 
A

b
la

te
d 

C
o

n
tro

l 
A

b
la

ted
 

6
48

 
±

 
1

6
 

7
5

0
 

±
 

2
0

 
18

 
±
 

6
 

25
.4

 ±
 

6
 

6
8

4 
±
 

24
 

7
6

8
 

±
 

1
8

 
19

 
±
 

5
 

2
6

.0
 ±

 
7

 
7

1
0

 
±
 

2
2

 
7

8
9

 
±

 
2

2
 

2
0

 
±
 

7
 

2
7

.0
 ±

 
8

 
-

8
0

3 
±

 
2

0
-

2
7

.5
 ±

 
8

-
9

0
5

 
±
 

2
4

-
3

0
.9

 ±
 

6
-

93
8

 
±
 

2
7

-
32

.1
 ±

 
4

-
98

2 
±

 
2

0
-

3
3

.6
 ±

 
5

2
,0

4
2

 
6

,9
36

5
7 

20
2

.6

6
8

1
 

*
*8

48
1 9

 
*

**
2

8
.9

 

2
6

 
9

2
 

0
.8

2
 

3
.2

 

•
•

P
<

0
.0

1
 

S
ta

ti
st

ic
al

ly
 s

ign
ifi

c
an

t
•

•
•

 
P

 <
 0

.0
0

1
 

S
ta

ti
st

ic
all

y
 h

igh
ly

 s
ig

n
ifi

ca
n

t 

E
n

er
gy

 c
o

nt
en

t 
o

f 
an

 e
gg

 
(J

) 
C

o
nt

ro
l 

A
b

la
te

d 

0
.7

2 
±
 

0
.0

0
8

 
0

.8
8

 ±
 

0
.0

0
8

 
0

.7
2 

±
 

0
.0

0
9 

0
.8

8
 

±
 

0
.0

0
9

 
0

.7
3 

±
 

0
.0

0
9 

0
.8

9
 

±
 

0
.0

0
9

 
0

.8
9

 
±

 
0

.0
0

8
 

- -

0
.8

9
 

±
 

0
.0

0
1 

0
.8

9
 

±
 

0
.0

0
6

 
0

.8
9

 
±
 

0
.0

0
4

 

0
.7

2 
±

 
0

.0
0

4
•

•
 0

.8
9 

±
 

0
.0

0
3 



13 

Discussion 

The present study documents for the first time: (i) the events of 
moulting and growth as well as maturation and spawning of control 
and unilaterally eyestalk - ablated Macrobrachium nobilii reared for 
a long term (330 days) from sexually immature to adult; (ii) 

quantification of the energy income and expenditure ofunablated and 
ablated M. nobilii. 

Both control and ablated prawns became sexually mature at � 
600 mg in weight, i.e., sexual maturation is size-dependent rather 
than age-dependent in M. nobilii. Similar observations have been 
reported for Panulirus argus (70 mm carapace length; Quackenbush 
and Hermkind 1981) and for Penaeus monodon (32 g weight; 
Poemomo and Hamami 1983). These observations suggest that the 
attainment of a critical minimum size or accumulation of a definite 
quantum of energy is associated with the onset of sexual maturity. 

In M. nobilii somatic growth in males was comparatively higher 
than that of females in either series. Studies conducted on Homarus 
americanus (Ennis 1972) and Cancer pagurus (Bennett 1974) point 
out that moult increments (increase in size which occurs between one 
instar and the next) were smaller in females than in males. This is 
because reproduction is likely to require a large proportion of the 
available resources in females (Hartnoll 1982). In other words, 
reproduction is the dominant energy demanding process in adult 
females. 

The increase in number of clutches and eggs per clutch in 
ablated M. nobilii is in accordance with the results obtained for other 
decapods as well. Wear and Santiago (1976) and Santiago (1977) 
obtained an average of 202,000 eggs by unilateral eyestalk ablation of 
P. monodon. In an identical experiment by AQUACOP (1977) an
average of 180,000 eggs were obtained. Deterioration in spawn
quality was reported for P. indicus (Emmerson 1980) and for P.
monodon (Beard and Wickins 1980; Emmerson 1983). Browdy and
Samocha (1985) described that unilateral eyestalk ablation of P.

semisulcatus did not affect the spawn quality; they also pointed out
that the declining quality of eggs demonstrated by other authors may
not be a direct result of eyestalk ablation but rather an indirect effect
of a worsening in condition of animals over time; the imbalance in the
hormonal control of the maturation cycle due to inducement might
have also caused the production of poor quality eggs.

In M. nobilii reared from the juvenile stage, early onset of sexual 
maturity and declining levels of the moult inhibiting hormone (MIH) 





IS 

monodon Fabricius and Penaeus merguiensis de Man by eyestalk extirpation. 
Bull. Shrimp Cult. Res. Cent.1: 1-11. 

Anilkulll8l", G. and K.G. Adiyodi. 1985. The role of eyestalk hormones in vitellogenesis 

during the breeding season in the crab, Paratelphusa hydrodromous (Herbst). 
Biol. Bull.169: 689-695. 

AQUA COP.1977. Reproduction in captivity and growth of Penaeus monodon Fabricius 
in Polynesia. Proc. Ann. Meet. World Mariculture Soc. 7: 927-945. 

Beard, T.W. and J.F. Wickins. 1980. Breeding of Penaeus monodon Fabricius in 
laboratory recirrulation systems. Aquaculture 20: 79-69. 

Bennett, D.B. 1974. Growth of the ediole crab (Cancer fHIIIU1'U8 L.) off south-west 
England. J. Mar. Biol. Assoc. U.K. 54: 803-823. 

Boonyaratpalin, M. and M.B. New. 1982. Evaluation of diets for Macrobrachium 
rosenbergii reared in concrete ponds, p. 249-256. In M.B. New (ed.) Giant 
Prawn Farming: Proceedings of 'Giant Prawn 1980' an international 
conference on freshwater prawn farming (Bangkok ), 1980. Elsevier, 
Amsterdam. 

Browdy, C.L. and T .M. Samocha. 1985. The effect of eyestalk ablation on spawning, 
moulting and mating of Penaeus semisulcatus de Haan. Aquaculture 49: 19. 
29. 

Brown, A., Jr., J. McVey, G.S. Middleditch, A.L. Lawrence, B.M. Scott and T.D. 
Williams. 1980. Maturation and spawning of Penaeus stylifostris under 
coo trolled laboratory conditions. Proc. Ann. Meet. World Mariculture Soc. 11: 
488-499. 

Caillouet, C.W., Jr. 1973. Ovarian maturation by eyestalk ablation in pink shrimp 
Penaeus duomrum Burkenroad. Proc. Third Ann. Workshop. World 
Mariculture Soc. 3: 205-225. 

Conte, F.S. 1978. Penaeid·shrimp culture: cunent status and direction of research. In 
Kauai, P .N. and C.J. Sindermsnn (ed.) Drugs and food from the sea-myth or 

reality. 
Cripps, M.C. and R.M. Nakamura. 1979. Inhibition of growth of Macrobrachium 

rosenbergii by calcium carbonate water hardness. Proc. Ann. Meet. World 
Mariculture Soc.10: 575-580. 

Elliott, J.M. 1976. Energy )oases in the waste products of brown trout (Salmo trutta L.) 
J. Anim. Ecol. 45: 923-929.

Emmerson, W.D. 1980. Induced maturation of prawn Penaeus indicus. Mar. Ecol. Prog. 
Ser. 2: 121-131. 

Emmerson, W .D. 1983. Maturation and growth of ablated and unablated Penaeus 
manodon Fabricius. Aquaculture 32: 235-241. 

Ennis, G.P. 1972. Growth per moult of tagged lobsters (Homarus americanus) in 
Bona vista Bay, Newfoundland. J. Fish. Res. Board Can. 29: 143-148. 

Freeman, J .A. and C.K. Bartell. 1975. Characterization of the moult cycle and its 
hormonal control in Palaeman•�• pugi<, (Decapoda, Caridea ). Gen. Comp. 
Endocr. 25: 517-528. 

Hartnoll, R.G. 1982. Growth, p. 111-196. In L.G. Abele (ed.) The biology of crustacea 
Vol. 2. Academic Preas, New York. 

Idyll, C.P. 1971. Induced maturation of ovaries and ova in pink stirring. Comm. Fish. 
Rev. 33: 20-25. 

Kulkarni, G.K. and R. Nagabhushanam. 1980. Role of ovary-inhibiting hormone from 
eyestalb of marine penaeid prawns (Paropenaeopsis h.ardwicltii) during 
ovarian development cycle. Aquaculture 19: 13-19. 





17 

Santiago, A.G., Jr. 1977. Successful spawning of cultured Penaeus monodon Fabricius 
after eyestalk ablation. Aquaculture 11: 185-196. 

Smith, T.I.J., P.A. Sandifer and W.E. Jenkins.1982. Growth and survival of prawns, 

Macrobrachium rosenbergii, pond-reared at different salinities, p. 192-202. In 

M.B. New (ed.) Giant Prawn Farming: Proceedings of 'Giant Prawn 1980' an

international conference on freshwater prawn farming (Bangkok) 1980.

Elsevier, Amsterdam.

Solorzano, L. 1969. Determination of ammonia in natural waters by the phenol

hypochlorite method. Limnol. Oceanogr. 14: 799-801. 

Summer, S.E. and A.G. Eversole. 1978. Effects of water-borne m.irex on the survival 

and production of Macrobrachium rosenbergii (de Man) Proc. Ann. Meet. 

WorldMariculture Soc. 9: 47-54. 

Wear, R.G. and A. Santiago, Jr. 1976. Induction of maturity and spawning in Penaeus 

monodon Fabricius 1788 by unilateral eyestalk ablation (Decapoda, 

Natantia). Crustaceana 31: 218-220. 




