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Induced Maturation of Prawn Penaeus indicus
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ABSTRACT: Viable spawns have been obtained in the laboratory from untreated prawn Penaeus indicus and from others which
had one eyestalk ablated. Fecundity was shown to be dependent on spawning technique, female size and whether the spawner
was wild or domestic. Using low aeration during spawning, domestic unablated female fecundity was significantly lower than it
was for wild females, due to a concomitantly smaller ovary volume. During late premoult, mature ovaries are resorbed to ovarian
Stage 1-2 and after ecdysis they redevelop. 52.1 ¢/: of spawnings occurred during early premoult, 44.4 °/o during intermoult, 3.5 °/,
at premoult, while no spawns occurred during late premoult or early postmoult. Average egg numbers and hatch successes were
higher for unablated females when compared with ablated females. Average spawns per moult cycle were 1.98 and 2.24,
respectively. It was conservatively estimated that wild females spawn at least 7-9 times in a lifetime. There were twice the
number of spawns with a black tank background as there were with a white one and the former yielded higher average egg
numbers and hatch successes. General pigmentation, ovary, egg and nauplius colour was dependent on background colour.
Moult-cycle duration was temperature dependent but generally shorter for ablated females. As female condition decreased,
moult-cycle duration decreased accordingly for any given temperature. Spawning activity declined when the condition factor
was less than 0.8. Both ablated and unablated spawning females > 39 g tended to decrease in mass and condition while females
<< 39 g continued to grow. Nutrition is probably the main contributory factor to this anomalous growth. Large females possibly
have nutritional requirements different from females of less than 39 g. A viable F, generation of P. indicus has been reared.

INTRODUCTION

Both the cost and unreliability of obtaining wild
gravid stock make controlled maturation vital to com-
mercial penaeoid farming. Once the controlling factors
are fully understood, females can be matured whene-
ver larvae are required. Although these factors have
yet to be completely identified, light intensity and
photoperiod appear to be important parameters
(Aiken, 1969; Weinberg, 1976). Penaeoidea have pre-
viously been matured domestically by ablating
eyestalks, reducing light intensity, manipulating pho-
toperiod, or by a combination of these factors (Arnstein
and Beard, 1975; Laubier-Bonichon and Laubier,
1976). With these latter parameters as guidelines, a
programme was launched to mature the penaeoid
Penaeus indicus. It was found that when light intensity
was reduced, both ablated and unablated adult fe-
males became gravid and spawned, yielding viable
larvae. This facilitated a study to compare wild and
domestic spawning performances; to relate spawning
to the moult cycle; to estimate individual spawning
potential; and to assess the problem of relative condi-
tion changes in domestically held females. For a recent
review on prawn cultivation consult ‘Marine Ecology’,
Volume III: Kinne, 1977, pp. 840-858.
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MATERIAL AND METHODS

Four cylindrical, thermostatically controlled 8000 1
glass-fibre tanks, 1.35 m deep, were used as outdoor
maturation vessels. Lids reduced light intensity to
approximately 70 uW cm™2. Gravid Penaeus indicus
females usually exceeding 27 g in mass and mature
males larger than 17 g, were trawled from the Tugela
Bank (29°10'S) and introduced into the tanks in the
ratio of 12 females to 8 males (3:2). Wild freshly-
trawled females usually spawned during the first or
second night in captivity. Domestic females (prawns
kept under artificial conditions) were usually recruited
from spent wild spawners. Initially, half the females
were ablated to stimulate ovarian development
(Panouse, 1943; Brown and Jones, 1947; Adiyodi and
Adiyodi, 1970; Caillouet, 1973; Ryckaert et al., 1974;
Alikunhi et al., 1975; Wear and Santiago, 1976; San-
tiago, 1977). Each female was code-marked to facili-
tate daily ovary staging and to establish when ecdysis
and impregnations occurred. Four arbitrary stages of
ovary development were used instead of five (King,
1948; Subrahmanyam, 1965; Joubert and Davies, 1966;
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Rao, 1967), as visibly there was little difference be-
tween a spent (Stage 5) and a Stage 1-2 ovary. The
stages of ovary development were arbitrary and based
on the ratio between maximum ovary width (OW) to
greatest width of the first abdominal segment (SW).
The OW : SW ratios were as follows: ovarian Stage 1,
0.1; Stage 2, 0.2; Stage 3, 0.35 and Stage 4, 0.4. Fe-
males were moult staged by microscopic uropod
inspection (Cognie, 1970; Aiken, 1973; Read, 1977).
The following moult stages were recognised: A, early
postmoult; B, postmoult; C, intermoult; Dy_;, early pre-
moult; D,, premoult; D;, late premoult; and E, ecdysis.
When females reached ovarian Stage 4, they were
removed and allowed to spawn individually in 701
bins held at 26 °C. Initially, vigorous aeration was used
in the spawning bins (Beard et al., 1977) but this was
later reduced to 4 bubbles s. Egg and nauplii num-
bers were estimated by counting four 250 ml aliquot
subsamples. A relative condition factor Kn, with the
population average taken as one was established for P.
indicus after Le Cren (1951) using the population
length-freshmass relationship M = 0.00079 [*%%3
(Read and Caulton, in press) where M = mass in
grams and L = carapace length in mm.
Kn = 1266.M
[29813

A prawn in good condition would thereby have a
factor > 1.0 and a prawn in poor condition, < 1.0.
Females were weighed prior to spawning after blotting
dry. Carapace lengths (CL) were simultaneously taken
averaging left and right measurements from the post
orbital notch to the posterior carapace margin. Total
length (TL) measurements were taken from rostrum tip
to telson tip. Prawns were fed twice daily on a formula-
ted dry pellet (fishmeal, 40 °/o; prawnmeal, 30 °/¢; flour,
15 °/o; cholesterol, 5 °/o; mineral mix, 4 %; vitamin mix,
2 °/o; choline chloride, 2 °/,; and anchovy oil, 2%) at
2.5 °/s and fresh frozen prawn at approximately 3.5 °/ of
total fresh mass. Water exchange was 30 %/ per two
days while the physico-chemical parameters, namely
temperature, pH, salinity, oxygen, total ammonia
{Solorzano, 1969) and nitrite (Bendschneider and
Robinson, 1952) were monitored daily. Tank tempera-
tures between 20.5° and 25.5 °C corresponded to the
annual range for Natal inshore waters (Heydorn et al.,
1978). To test the effect of background colour on ovary
pigmentation, one tank was painted black inside and
another painted white while only unablated females
were used.

RESULTS

The physico-chemical parameters for the experi-
mental period are listed in Table 1. Viable spawns
were obtained throughout the year for unablated fe-

Table 1. Physico-chemical conditions prevailing in the four tanks used to mature Penaeus indicus

Total
Ammonia

Dura-

Nitrite Range

Range

tion Temp. Range pH Range Salinity Range 0O, Range
(mg £~

(days)

Tank

(mg €71

(mg €71

(/)

(°C)

0.07—-1.41

0.17
0.06

0.17
0.05
0.07

0.038—-0.08

0.04
0.05
0.04
0.04
0.04

5.3-8.5
4.5-8.1

6.5

32-35
21-35

20—34
21-31
20—32

32.7

7.1-83

76—84
7.4—8.5

7.3-86
7.2—-88

7.7

19.0—24.5

223
23.9—29.1

99
116

215

R1

0.03—0.26
0.03—1.41

0.038—-0.07

6.3

6.2
5.8
6.0

28.4

7.9
7.8

26.6
7.7

R1

0.038—0.079

29.7 4.7-8.1

21.1—-28.2

22.0—128.5

259

R2

M1

0.03-0.28
0.03—0.85

0.038—0.06

4.5-6.8
49-75

26.9

25.5

142

0.038—-0.08

27.2

142 26.2 23.2.—28.7 7.7

M2
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males and for 7 months with ablated females after
which time ablation was discontinued. Ablated fema-
les were the first to spawn accounting for 76.5 %/ of the
first month’s spawns (nn = 17). Impregnation rates were
good (954 °/0) and spermatophores were usually re-
sorbed into the thelycum within 6 h after impregna-
tion.

Fecundity
Fecundity, defined as the number of ova extruded on

complete evacuation of the ovaries, but excluding
aborts and poor spawns (< 10 000 ova), varied with
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Fig. 1. Penaeus indicus. Relationship between fecundity

(number of ova) and size (carapace length). Circles: wild
females; triangles: domestic females under low aeration. @
vigorous aeration; O low aeration; A unablated; A ablated

spawning technique, female size and whether the
spawner was wild or domestic (Fig. 1). These regres-
sions, tested by covariance analysis (Snedecor and
Cochran, 1967), are shown in Table 2.

Ablation (1 vs 2, Table 2), was found to have no
differential effect on fecundity with female size. Abla-
tion may, however, have had an effect on fecundity
(marginally not significant) to yield more ova per unit
size female. Using low aeration during spawning there
was no significant difference in slope (f) between wild
and unablated domestic females (2 vs 3, Table 2).
There was nevertheless a highly significant difference
in elevation (o) which indicated that wild females
were more fecund per unit size animal. When compar-
ing vigorous and low aeration for wild spawners (3 vs
4, Table 2) slopes were not significantly different.
Elevations were highly significantly different demon-
strating that the low aeration increased fecundity
greatly per unit size female.

Spawning in Relation in the Moult Cycle

During late premoult (Stage D, to Dj) the ovaries
resorbed to ovarian Stage 1 (Fig. 2) in small females or
Stage 2 in larger females (> 33 g). Alternatively, pre-
moult females reverted to ovarian Stage 1-2 via a
spawn. After ecdysis (E) the ovaries redeveloped
during postmoult (B) and intermoult (C) through to
early premoult (D, ;). Females evacuated (spawns
including aborts) up to three times before moulting
again. Other than one ablated animal which evacuated
four consecutive times during one moult cycle on two
separate occasions, the pattern was similar for both
ablated and unablated females (Fig. 2 and Table 3).

Table 2. Penaeus indicus. Comparison of fecundity/female size regressions for four spawner types using covariance analysis after
Snedecor and Cochran (1967). S* *: Highly significant; NS*: marginally not significant; NS: not significant; E: ova number; L:
carapace length in mm

Eleva-
Compa- Slopes B tions (o)
No. Spawner type E = al’ n r rison F d. f. p F d. f P
1 Domestic ablated
low aeration E= 20.060L2%3%2 24 0528 NS NS+
s 0.008 1:85 0.929 3.4 1:86 0.06
2 Domestic unablated
low aeration E= 16.088L2%% g5 (735 NS S--
2/, 0.065 1:74 0799 7853 1:75  0.001
3 wild
low aeration E= 9.262L%™% 13 0.804 NS St
3. 0931 1:40 0.34 287.24 1:41  0.001
4 wild
vigorous aeration E= 18371411519 31 0633
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Fig. 2. Penaeus indicus. Progressive ovary development for examples of two unablated {1 and 2) and two ablated (3 and 4)
females. Vertical arrows: ecdysis; numbers between arrows: moult-cycle durations. Spawns are represented alphabetically (a—q,

A-I) with vertical stipled lines, details of which are given in Table 3. " tank spawns;"

aborts

Table 3. Penaeus indicus. Progressive spawns of two unablated and two ablated females as represented in Figure 2. %0 H

percentage hatch

Unblated Ablated
2 3 4

Ova n *o H Ova n /+H Ova n /o H Ova n °% H
a 165 200 953 A 228 480 95.8 a 28 840 6.8 A 17 010 32.1
b 201 320 96.5 B 112 560 96.5 b 140 000 55.2 B 53 480 0
c 157 080 75.4 C 132 440 0 c 87 080 23.8 C 147 840 93.2
d 171 640 66.2 D 127 400 6.6 d 145 880 74.5 D 228 480 0
e 115 920 79.4 E 102 200 18.3 e 15 680 20.5 E 38 080 18.4
f 128 520 88.8 F 142 240 87.8 f 31 360 16.1 F 76 720 35.4
g 112 280 97.0 G 165 760 85.8 g 11 480 75.6 G 48 720 68.4
h 123 480 83.2 H 95 760 86.8 h 96 040 61.5 H 131 320 99.4
i 126 280 0 1 115 360 77.0 i I 17 640 69.4
j 105 000 36.6
k 150 080 85.4
1 138 880 14.6
m 283 640 98.9
n 182 560 87.0
o 94 920 14.6
p 102 760 22.3
q 127 680 61.0
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Table 4. Penaeus indicus. Spawing in relation to moult cycle for domestically matured and wild mature females. (Wild female
analysis after Read, personal communication)

Wild females ovarian

Moult stage Domestic spawns Stage 4

n = n °f
Early postmoult A 0 0 0 0
Postmoult B 0 0 4 8.5
Intermoult C 64 44 .4 15 31.9
Early premoult Dy, 75 52.1 24 51.1
Premoult D, 5 3.5 4 8.5
Late premoult Dy 0 0 0 0

Most spawns occurred during early premoult
(52.1°/v), 44.4 °/o during intermoult, while only 3.5 %/
spawned during premoult (D,). No spawns occurred
during late premoult (D;) or Postmoult A and B (Table
4). An analysis of 641 wild adult Penaeus indicus
females by Read (personal communication) further cor-
roborated this finding where no individuals in moult
stage A or D; were found in ovarian Stage 3 or 4.
Ovarian Stage 4 individuals were only found during
moult Stages B, C, Dy_; and D, (Table 4). Some wild
females redeveloped their ovaries rapidly during Post-
moult B (8.5 °/o). Extremely rapid ovarian development
following ecdysis has also been observed domestically
resulting in one spawn during early Intermoult C.

Spawns per Moult Cycle

There were up to 4, and up to 3 evacuations per
moult cycle for ablated and unablated females, respec-
tively. An analysis of 186 spawns showing the number
of spawns per moult cycle is given in Table 5. Of these
spawns, 45.7 % to 50.9 °/0 were first spawns, 35.7 % to
33.6 %/ were second, and 15.7 °/o to 15.5 /s were third
spawns per moult cycle for ablated and unablated
females, respectively. Only 2.9 %/ of the ablated female

evacuations were fourth spawns. The average egg
number with the exception of Spawn 3 was higher for
non-ablated than for ablated females (Table 5). This
was due to lower egg numbers and more aborts by
ablated spawners. Hatch success was better for unab-
lated females as the higher incidence of poorer spawns
by ablated females contributed to poorer hatches.
Hatch success also decreased with successive spawns
per moult cycle by ablated females while no change in
hatch success was evident for non-ablated females.
The average number of spawns per moult cycle was
greater for ablated females than for unablated females
(2.24 : 1.98, n = 70 : 116, respectively). Accordingly,
females spawned more frequently in a shorter period of
time, while hatch success was marginally lower. Stan-
dard errors were too large to be statistically significant
due to aborts and poor spawns.

The Effect of Black Versus White Backgrounds

There were twice the number of spawns in the black
tank as there were in the white tank (35 : 18, respecti-
vely; Table 6). Average egg numbers and hatch suc-
cesses per spawn were higher for the black tank.
Again, standard errors were too large to be statistically

Table 5. Penaeus indicus. Synopsis of ovary evacuations per moult cycle (mc) for ablated and unblated females

Ablated Unblated
X X X X
Spawn Egg Nauplii °/a Egg Nauplii /o
n °/o no. no. Hatch n /o no. no. Hatch

Spawn 1 32 457 58879 29840 50.7 59 509 110154 66113 60.0
Spawn 2 25 357 85345 37811 443 39 33.6 108464 62483 57.6
Spawn 3 11 157 84840 29158 34.4 18 155 72442 42389 58.5
Spawn 4 2 2.9 0 0 0 0 0 - - -

x duration mc (days): 19.1 20.1

X spawns mc™ ' 2.24 1.98
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significant so that a black background could possibly
improve fecundity. General prawn pigmentation, ova-
ries, eggs and nauplii took on the background colour.
White tank females developed very pale green to
cream coloured ovaries, whereas black-tank females
had dark olive green ovaries, similar to the colour of
wild female ovaries.

Condition and Moult-Cycle Duration

No clear relationship was found between spawning
female size and moult-cycle duration. Moult-cycle
duration was, however, correlated with mean tempera-
ture per moult cycle for both ablated and unablated

= 25
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T- CYLCI
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22 24 26
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Fig. 3. Penaeus indicus. Relationship between moult-cycle

duration and temperature for unablated females. O kn > 0.94;

r=076;n=5708<kn<094,r=0801;n=68. A kn<
0.8, r=0557;,n=28

o 30
=

26 28
EMPERATURE (°C)

Fig. 4. Penaeus indicus. Relationship between moult-cycle

duration and temperature for ablated females. O kn > 0.94;

r=063;n=7 08<kn<094;r= 0668 n=39 A kn
<08 r=0934;n=4
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Table 6. Penaeus indicus. Effect of background colour on spawning for unblated females

Spawn 3

Spawn 2

Spawn 1

Total

O/ Eqg Nauplii a

Egg Nauplii

no,

Y

Nauplii

Egg
no.

Hatch n no. no. Hatch n spawns

no.

n

Hatch

no.

Colour

35

89.0
45.1

131973
62580

12 148307
138600

70.6

94197
63224

133513

20
11

127302 91112 71.6
79214

118746

Black

18

52.5

121184

66.7

White
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females for three condition groups. These groups were
taken as above 0.94, between 0.8 and 0.94 and below
0.8 (Figs 3 and 4). The duration of the moult cycle was
temperature dependent, the lower the temperature the
longer the duration. Especially at the lower tempera-
tures, ablated females (Fig. 4) had shorter moult cycles
than their unablated counterparts (Fig. 3). As tempera-
ture increased, moult-cycle duration decreased until
there was approximately the same duration for ablated
and unablated females. This probably occurred
because moulting is a complex physiological process
and the cycle must take a minimum time to complete.
As ablated and unablated female condition decreased,
moult-cycle duration decreased accordingly at any
given temperature. Below a condition factor of 0.8
spawning activity declined, the female usually failed
to harden properly after ecdysis and died. Good condi-
tion must therefore be maintained for females to with-
stand moulting stress and continue to spawn. All
domestic spawners in good condition were generally
found to be below 39.0g. Change in mass, A g
month™' was plotted against initial mass (Fig. 5).
During the first month in the tanks growth was
depressed as the prawns acclimated to their new con-
ditions. Thus only subsequent data was used. Both
unablated and ablated prawns below 39 g tended to
increase in mass while above 39 g they lost mass. This
was observed independently in four separate matura-
tion tanks over a 12-month period.

DISCUSSION AND CONCLUSIONS

The ammonia and nitrite levels in the maturation
tanks were well within the maximum acceptable level
for prawns given by Wickins (1976). Penaeus indicusin
their natural environment have been shown to spawn
throughout the year with greater spawning frequen-
cies in autumn and early summer (Panikkar and
Menon, 1956; George, 1962; Crosnier, 1965; Subrahm-

anyam, 1965; Rao, 1967; George et al., 1967; Le Reste
and Marcille, 1976). Although seasonal trends were
not duplicated domestically, viable spawns were
nevertheless obtained throughout the year for unabla-
ted females.

Spawning and Fecundity

The best fecundity was obtained from recently cap-
tured wild females using low aeration (Table 2). The
exponent (f) describing fecundity for this group
(2.7599, Table 2) is close to the theoretical value of 3
and since the number of ova produced is a function of
ovary volume and thus the cube of the length (Mac-
Gregor, 1957; Martosubroto, 1974), this would be
expected to represent near maximum fecundity. Rao
(1968) obtained a fecundity for Penaeus indicus which
was proportional to the 6th power of the total length
(cf. P. semisulcatus; Badawi, 1975). Martosubroto
(1974) obtained an exponent of 3.36 for P. duorarum
but noted Rao's value to be high. Spawning with low
aeration vastly improved spawn quality, fecundity and
hatch success. Vigorous aeration probably had a dis-
turbing effect on incipient spawners. Cummings (1960,
1961) and Martosubroto (1974) have suggested that the
ripening of the ova immediately prior to evacuation is
very short, perhaps only hours long. Overnight holding
conditions would thus be critically important for the
complete and successful evacuation of properly formed
ova.

Ablation may have a marginally positive effect on
the fecundity of domestic stock, but average egg num-
bers and hatch successes were lower than they were for
unablated spawners. This was due to a greater number
of poor spawns and aborts compared with unablated
females. These factors in turn were probably due to the
rapidity of ovary development in ablated females
which yielded "rushed’” spawns where the eggs were
not properly matured.

The difference in fecundity between domestically

Fig. 5. Penaeus indicus. Relationship between initial mass (g) and change in mass {Ag month™!) for combined unablated () and
ablated (A) domestic females
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held unablated females and wild females was prob-
ably due to two main reasons. Firstly, domestic females
spawned at a narrower ovary width than wild spawn-
ers and secondly, they often had breaks in the ovary
due to collisions with the tank walls. Both these factors
decreased ovary volume and resulted in a lower fecun-
dity per unit size female.

Ovarian Cycle Versus Moult Cycle

The ovarian cycle has been shown to be closely
linked with the moult cycle (Table 4). The Aquacop
Team (1975) noted that they had never seen a penaeoid
moulting with developed ovaries except for a bilate-
rally ablated Penaeus aztecus. Martosubroto (1974) has
shown histological evidence of resorbed ova in P. duo-
rarum. Ovarian development may inhibit moulting in
certain species of crab (Weitzman, 1964; Cheung,
1966, 1969; Adiyodi, 1968). In lobsters and crayfish,
however, the moult cycle appears to be of overriding
importance with ecdysis occuring during various sta-
ges of ovary development (Berry, 1971; Rice and
Armitage, 1974; Aiken and Waddy, 1976). The Pena-
eoidea thus appear to be similar to the latter in that
moulting is of prime importance, but differ in that there
is never ovarian development during ecdysis. Read
and Caulton (in press) have shown that ovary matura-
tion is associated with water loss in wild P. indicus.
Ecdysis has long been associated with water uptake in
Crustacea (Passano, 1960) and since those two func-
tions are antagonistic, it may be possible that water
uptake prior to ecdysis inhibits ovarian development
causing resorption of the ovary.

Hatch Success

A trend shown by ablated and unablated females
was a decrease in hatch success {(number of nauplii)
with successive spawns per moult cycle. One unabla-
ted female (Fig. 2 and Table 3), however produced
458 920 nauplii from three spawns during one moult
cycle. The normal impregnation of two spermato-
phores thus proved enough to fertilise three successive
spawns. The decrease in hatch success with successive
spawns was therefore not believed to be a function of
sperm depletion, but rather a reflection of decreasing
spawn quality.

Spawn Frequency

Predictions of spawning frequency by Penaeus indi-
cus have been made by Subrahmanyam (1965) and Rao

(1967). Subrahmanyam stated that a female was capa-
ble of releasing several broods in a season, while Rao
estimated a total of five spawnings during the life of an
individual (cf. P. semisulcatus, Badawi, 1975). Hudi-
naga (1942) and Lindner and Anderson (1956) ob-
served prawns spawning more than once in a season.
Cummings (1960, 1961) and Eldred et al., 1961) sug-
gested multiple spawnings for P. duorarum based on
modal shifts. Burukovski {1970) suggested an interval
of 2-3 months between spawns for P. duorarum. For
domestic stocks, Laubier-Bonichon and Laubier (1976)
and the Aquacop Team (1975) have shown multiple
spawnings for P. japonicus, while Primavera and Bor-
longan (1977) have demonstrated rematuration in
Penaeus monodon. Although it would appear that
overstimulation of spawning can occur in domestic P.
indicus, even for unablated females (one spawned 19
times in 7 months), it appears likely that wild females
are capable of spawning more than five times during
their lifetime when the following projections are
considered.

Penaeus indicus females commence breeding at
approximately 27 mm CL {137 mm TL) in Madagascan
waters (Le Reste and Marcille, 1976) and 33 mm CL
(158 mm TL) in South African waters (Read and Cham-
pion, personal communication). By tagging wild P.
indicus, Le Reste and Marcille established a growth-
curve relationship between total length and time using
the Fabens (1965) modified Von Bertalannfy (1958)
equation. Breeding commencement corresponded to
5-6.5 month old females. They estimated that the
female asymptotic size where growth is nil (approxi-
mately 178 mm TL) is attained after approximately 14
months yielding a breeding period of between 7.5 and
9 months. Assuming an average of one spawn per
moult cycle, 7-9 spawns per life time is estimated. This
also assumes that the female ceases to breed and dies
on attaining terminal growth. In South African waters
the asymptotic size (55 mm CL, 220 mm TL; Champion
personal communication) is larger than that for the
Madagascan population which on extrapolation would
correspond to a female of between 25 and 30 months
old, still in breeding condition (16-22 spawns per life
time). This figure represents the possible number of
spawns however, and not the population mean.
Monthly trawls on the Tugela Bank for a full yearly
cycle (Champion, personal communication) and
periodic trawls for mature prawns have both shown the
modal size of P. indicus to be 40 mm CL or 178 mm TL
(n = 2849 and 1179, respectively), the same as the
Madagascan asymptote. This corresponds to a modal
female population age of approximately 14 months
which have been actively breeding for 7.5-9 months,
i.e. the majority of the female population at any time
have spawned 7-9 times.
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Background Colour

Black tanks appeared to be the more suitable for
maturation probably as they absorbed more light,
enabling the females to mature more fully. The ovaries
of domestically matured prawns change colour with
background colour and therefore cannot be staged
using colour as a criterion, as in wild females (King,
1948; Cummings, 1961; Subrahmanyam, 1965; Joubert
and Davies, 1966; Rao, 1967; Brown and Patlan, 1974).

Moult Frequency

The best line of fit describing the relationship be-
tween moult-cycle duration and temperature
(21°-29 °C) was exponential. Richard (1978) found an
identical relationship for the shrimp Palaemon serra-
tus. Aiken and Waddy {1976) however, report a linear
relationship between temperature and moult fre-
quency for Homarus americanus from 5°-20 °C.

Condition and Growth

Although the relative condition (Kn) of the popula-
tion is one, spawning females were consistently below
this value. The average Kn for domestic spawners was
only 0.903 and for wild spawners, 0.933. This anomaly
is possibly associated with water loss and a fresh mass
decrease with progressive ovary development (Read
and Caulton, in press). Thomas (1975) plotted changes
in relative condition for wild Penaeus semisulcatus
and suggested that peaks represented cyclic gonad
development and spawning. Balbontin et al. (1973)
and Blaxter (1971, 1976) have shown that domestically
reared herring have higher condition factors than wild
fish due to abnormal allometric growth. Prawns used
were initially wild as adults and lost mass and condi-
tion with domestication. Thus poor growth was not due
to allometric abnormalities, but due to a genuine loss
in condition. This was largely confined to females of
> 39 g. Improved nutrition may improve growth in
large females. Somatic and reproductive growth have
been shown to be antagonistic in many species of
berry-carrying Crustacea  including decapods
(Demeusy, 1965; Bliss, 1966; Adiyodi and Adiyodi,
1970; Aiken and Waddy, 1976). For wild P. indicus and
probably other species of the Penaeoidea, which do not
carry berry, these two integrated processes may pro-
ceed synergistically but in captive females the balan-
cing of these processes could depend on controlling
factors such as nutrition, temperature, light quality and
intensity, photoperiod and container size.

Larvae produced from domestic unablated females

have been reared to maturity. The F,, in turn, has been
induced to spawn yielding viable larvae (F, genera-
tion). The development from egg to maturation and
spawning, i.e. one generation, took 255 d. A level of
independence from wild stocks has thus been achieved
making a commercial undertaking for culturing Pena-
eus indicus more realistic.
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