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Abstract: The present study was conducted to know the effect of different levels of temperature (26°C, 30°C and
34°C) and salinity (o, 6, 8, 12, 16ppt) on growth, hatching rate and survival of female Macrobrachium rosenbergii
under captive conditions. Juvenile prawns of 0.32+ 0.031g and 2.9+0.508 cm were reared for 12 months. The results
exposed that growth of the prawn was increased as temperature increased from 26to 30°C then the growth
declined at the highest temperature (34°C). Also as salinity increased from o to 16ppt, growth of females decreased
at all temperatures tested. The highest total length (15.6cm) and total weight (42.1g) were obtained at a 30°C
temperature and 6ppt salinity. Under the above conditions, the weight of eggs increased significantly up to 4.56g,
while the lowest weight (0.10g) was obtained at 34°C-0 ppt. The incubation period was significantly affected by
temperature. The longest mean period (26 days) was recorded at the lowest tested temperature (26°C) with all
salinities, while the shortest one (18 days) was reported at 30°C at 6 ppt and at 34 °C at 6 ppt. The hatching rate was
increased (ranging from 27 to 75%) as salinity increased at all treatments. The highest hatching rate (75%) was
observed at (30°C- 6ppt), while the lowest rate was found at o ppt with all temperatures tested. The number of
accumulative berried females maximum (Jan to March) during winter to early summer session and it was decreased
as salinity increased from freshwater to 16 ppt. While the highest number was observed at 30 °C temperature and o
ppt salinity and the lowest number was one 34°C-16 ppt. It was clearly found that optimum level of both
temperature and salinity for growth, reproduction and hatching success of M. rosenbergii was 30°C temperature
and 6 ppt salinity.
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INTRODUCTION

Macrobrachium rosenbergii is commonly called as
‘scampi’ in India and it is known to be the largest
freshwater prawn, since it is commonly familiar as the
giant river prawn. It migrates from a region of lower to
higher salinity during its breeding season.
Macrobrachium species has many favorable characters
for simulation prawn culture (John, 2009). It can
tolerate wide ranges of temperature (14-35°C) and
salinity (o-25ppt) (New, 1995). Gravid female’s
crossways saline gradients to estuaries, where eggs
hatch and larvae develop (Ismael and New, 2000). In an
earlier study, Singh (1980) demonstrated that prawns
were able to grow in salinity up to 17 gL" with highest
growth achieved at salinity between o and 2 gL". On
the other hand, Smith et al. (1982) studied the growth
of M. rosenbergii and found little difference in growth
rate up to 10 gL™. In prawn hatcheries, berried females
are commonly transferred from freshwater ponds or
brackish water areas to improve their eggs hatching
rates. Law et al. (2002) reported that the egg hatching
rate improved when the females were held in 12gL".
New (2005) similarly suggested that hatchability could
increase if the females were held at low level salinity

(58L").
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A recent study carried out by Yen and Bart (2008)
demonstrated that females of M. rosenbergii reared at
lower salinity of 0 and 6 gL produced larger number of
larvae compared to 12 and 18 gL", and the number of
larvae produced was inversely related to the salinity
levels. The successful organization of a species in a
given habitat depends on its capability to adapt to the
suitable environment (Charmantier, 1998). Salinity and
temperature are the most important abiotic factors
touching growth and survival of many aquatic
organisms (Kinne, 1963; 1964). They strongly affect the
hatching rate of eggs and the survival of the resulting
larvae of Penaeus shrimp (Preston, 1985). The influence
of temperature on Crustacea depends on the thermal
range of the species, geographical distribution,
acclimatization response and physiological and
behavioral adaptations (Espina et al. 1993 and
Gutierrez- Yurrita, 2000). The effect of temperature on
gonadal development and spawning of freshwater
crayfish at different temperatures was studied by
Osalde et al. (2004) who found that the gonado-
somatic and maturation index were significantly
different between 16°C and 21 and 26°C. The effect of
temperature on reproduction and spawning was
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studied on some crustacean species such as Penaeus
merguiensis (Hoang et al., 2002), the Japanese spiny
lobster Panulirus japonicus (Matsuda et al. 2002), and
the crayfish Procambarus llamasi (Osald et al. 2004).
Meanwhile, numerous studies were focused on the
effect of a single environmental variable on growth,
survival and reproduction of crustaceans such as
Jayalakshmy and Natarajan (1996) who investigated
the effect of salinity on M. idella; Soundrapandian
(2008)studied the effect of salinity on M. malcolmsonii;
Law et al. (2002) and Chen and Chen (2003) studied the
influence of pH on M. rosenbergii; Yen and Bart, (2008)
examined the effect of salinity on M. rosenbergii but
relatively few workers studied the interrelationship of
two or more factors that influence aquatic organism.
Hill (1974); Lee and Fielder (1982); Vljayan and Diwan
(1995); Ponce-Palafox et al. (1997) and Zacharia and
Kakati (2004) examined the effect of temperature and
salinity on Scylla serrata, M. australiense, Penaeus
indicus, Litopenaeus vannamei and Penaeus merguiensis.
The effect of temperature, salinity and hatching rate of
fresh water prawn M. rosenbergii has important factor
for increasing its seed production. Therefore, the
present study conducted the performance of M.
rosenbergii females in response to different
combinations of salinity and temperatures under
captive conditions.

MATERIALS AND METHODS

The present study was conducted at fresh water
prawn hatchery (Kakati Aqua Tech Pvt Ltd) located at
Vijayawada, India. Freshwater prawn M. rosenbergii
Juveniles of belonging to the same brood (total weight
0.21 *0.021g and total length 3.1#0.208cm) were
purchased from Priya prawn Farming Company at
Repalle. In this experiment all the animals were divided
into three groups, each was held at one of the constant
temperatures 26, 30, 34 °C. Each of the three groups
was divided into three sub groups treated with
different salinity levels o ppt (de-chlorinated river
water), 8 ppt, 12 ppt and 16 %. Prawns were permissible
to acclimatize to the selected treatments of
temperature and salinity for one week earlier to the
experiment start. Animals were fed twice a day (9:00
and 18:00 h.) on a pelletized shrimp feed (40% protein)
based on visual observation of leftover feed and fecal
matter to be removed daily from each tank (Fiber tanks
with a diameter of 1 m). Observation took place over 12
months (from July 2011 to July 2012). Water
temperature was adjusted daily by using 300-W
thermostat controlled immersion heater. Salinity was
obtained by mixing de-chlorinated tap water and raw
salt and adjusted to the desired levels salinity by using
a salinity conductivity- temperature Meter (YSI Model
33). Maturing females were counted and observed
daily for the presence of eggs and change in egg color.
Five females from each treatment with gray black eggs
(24-48 before hatch) were selected and individually
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transferred into small fiber tank (500 I) with continuous
aeration and having the same temperature and salinity
conditions. Total length of females was measured from
the rostrum to the end of telson using a scale and the
weight was recorded before and after egg hatching by
electronic digital balance (Model MR-220), the
difference in weight at before and after weight indicate
or it was equal to the weight of eggs. Hatching rate
was calculated from the number of eggs in a brood and
the number of larvae hatched out (Soundarapandian,
2008). Egg numbers were determined by taking a
sample of eggs using a forceps and were weighed after
the eggs were wiped by using a paper towel and
counted then the total number of eggs was calculated
(Das et al, 1996). The egg incubation period was
determined as the number of days from spawning to
hatching time. Newly hatched larvae were scooped out
with 100 micron nylon net and stocked into a plastic
bucket. Aeration was applied to uniformly distribute
the larvae in the water column. The number of live
ones was estimated volumetrically by taking 50 ml
samples (Yen and Bart, 2008). Data were analyzed by
using a two-way ANOVA (F test, P<0.05) to estimate
the effect of temperature (26, 30 and 34 °C) and salinity
(o, 6, 8, 12 and 16 ppt) on the growth, survival and
hatching rate of the experimental animal. If significant
difference was indicated at the o0.05 level, then
Scheffer’s test was used to compare treatments
(Scheffer’s, 1943).

RESULTS AND DISCUSSION

Temperature and salinity are extremely important
parameters affecting growth and survial of the
freshwater prawn, Macrobrachium rosenbergii. The
total length, weight and reproduction performance of
M. rosenbergii were shown in Table (1). All specimens
that were held at freshwater (dechlorinated river
water) and 26 - 30 °C did not show any significant
difference in total length, carapace length and weight
of females except at 34 °C where they decreased
significantly. The highest total length (15.6cm) and
total weight (42.1 g,) were observed at combination of
30°C- 6 ppt, followed by combination of 30°C-8 ppt. The
lowest values (9.1 cm total length and 8.5 g total
weight) were found at 34°C -0 ppt. The growth rate
was significantly affected (P<0.05) due to temperature
and salinity interaction. Our results showed that
growth of the present prawn increased as temperature
increased from 26 to 30°C, while at 34°C, growth
declined to its lowest value at all salinity levels. This
may be due to the increased calorific intake at higher
temperature. Firkins and Holdich (1993) reported
similar results and stated that growth of crayfish
decline at 34°C might result from increased metabolic
demands approaching the calorific intake, leaving little
energy for growth, despite animals being fed to excess.
This fact confirms the suggestion that high
temperature to a certain point increases the molting
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frequency and growth of the penaeid shrimp (Staples
and Heales, 1991; O Brien, 1994 and Parado-Estepa,

1998).
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Table 1: Growth and hatching rate of M. rosenbergii at different salinities and temperatures

Temp (°C) Salinity  Final Final Weight of Noofeggs Incubation No of hatched Hatching
(ppt) total length (cm)  total weight (g8) eggs (g) period larvae rate
26 [} 12.6% 1.096 22.6 £0.98 2.5 +0.6 22400 *251 26 #1.5 6048 27
6 12.0 ¥1.065 20.4%0.78 1.1%0.5 14200+ 741 23%£1.5 3834 27
8 14.2 +1.001 30.1+ 3.2 4.12£ 0.5 32000+ 254 25 *1.5 9600 30
12 13.2 #1.23 26.5%1.2 3.25 +0.6 28850+ 957  25% 1.5 8078 28
16 13.2 +1.23 26.5% 1.2 3.25+ 0.6 28850+ 957 2515 8078 28
30 (] 1.7+ 1.87 16.5% 2.5 1.4 1.4 16700+ 266 22 #1.5 8350 50
6 15.6% 1.85 42.1%£2.8 5.64%1.3 125200+ 126 18 #1.5 93900 75
8 14.2+ 1.5 32.5%2.1 4.56 +1.2 76540+ 864 20 *1.5 53578 70
12 13.7 £1.98 32.6% 1.5 3.21£2.6 56240+ 234 2115 37118.4 66
16 12.2+1.34 18.4%1.32 2.1%1.2 32480 #198  21x 1.5 21112 65
34 (] 9.1+1.65 8.5%2.5 0.10£0.24 3547 £240 22+ 1.5 1205.98 34
6 12.2 +1.98 26.6+ 1.5 2.21+ 0.98 16540 +128 18 £1.5 6946.8 42
8 11.4 £1.47 24.2% 3.4 1.01% 0.79 10364 874 20% 1.5 4249.24 41
12 10.5% 2.1 18.6% 1.8 0.98+0.06 8547+358 21£ 1.5 3247.86 38
16 9.5 ¥1.28 12.6% 3.4 0.55+ 0.14 4850 £110 22+ 1.5 1746 36

The present study revealed that growth of females
decreased as salinity increased from o ppt to 16 ppt
which agrees with Goodwin and Hanson (1975) who
indicated that juvenile M. rosenbergii grows more
rapidly in fresh water or slightly brackish water (<5 %)
when compared to more brackish water of up to 15 %..
Additionally, Vljayan and Diwan (1995) reported that
the optimal levels of temperature and salinity which
gave the fast molt with highest growth increment of
Penaeis indicus were 31 °C and 15 %.. Furthermore, Jane
and Goldman (1978) reported that growth of juvenile
freshwater crayfish, Pacifastacus leniusculus decreased
with increasing salinity while daily food consumption
decreases sharply with salinity. Higher final weight of
M. rosenbergii females at lower salinity may be due to
the fact that prawns takes in more water at ecdysis
than in higher salinities and this results in size increase
(Yen and Bart, 2008). The weight of eggs of female was
influenced significantly (P<0.05) where the highest
weight was 5.64 g at a combination of 30 °C- 6 ppt, and
the lowest value (0.1 g) was obtained at (34 °C-0 ppt).
Consequently, the highest number of eggs (125200
eggs) achieved at 30 °C-6 ppt and the lowest numbers
of eggs (4850) were obtained at 34 °C-16 ppt. This
change was highly significant (P<0.05). In this respect,
Dube and Portelance (1992) recorded that warm
temperature is an effective mean and a preponderant
factor in accelerating ovarian maturation and
promoting egg lying among the crayfish, Orconectes
limosus. The incubation period of the female eggs was
significantly affected by temperature (P<0.05).
According to Wear (1974); Heasman and Fielder (1983);
Choy (1991); Zeng et al. (1991) and Arshad et al (2006)
temperature is one of the most important factors
regulating egg development for several crustacean
species. The longest mean incubation periods (23, 22
and 20.33 days) were recorded at 24 °C with different
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salinity levels, while the highest temperature (34°C)
resulted in the shortest incubation period (17, 17.33, 18
days) at all salinity levels (P<0.05) and this may be due
to the fact that lower temperature merely slow down
the rate of egg development, while as temperature
increases ovarian maturation and egg laying increase
(Dube and Porlelance, 1992). This finding is in
agreement with the results obtained by Arshad et al.
(2006) who stated that the egg incubation period of
blue swimming crab, Portunus pelagicus decreased
exponentially from 8.33 to 6.67 days with increasing
temperature from 28 °C to 32 °C.

On the other hand, Soundarapandian (2008)
reported that the incubation period of M. malcolmsonii
was 14 days in freshwater but it decreased to 11 days
with the addition of brackish water of 7 % salinity. In
the present study, the highest hatching rates (75.0,
70.0%) were recorded at both 6 ppt and 8 ppt salinity
levels under 30 °C, respectively, while the lowest one
(36%) was obtained at 34 °C -16 ppt. Therefore, salinity
at a certain limit increases the hatching rate due to the
absorption of salts, which results in more internal
pressure that enhances rupture of the egg membrane.
Soundarapandian (2008) obtained a similar result
where he reported that hatching percentage of M.
malcolmsonii increases when the berried females were
reared in 7 % salinity than in freshwater. Ling (1969)
found that the presence of lower small amount of
brackish water (4- 6 %) provides a better media for
hatching of M. rosenbergii eggs. Katre and Pandian
(1972) reported that the egg of M. idea is able to pick
up salts from brackish water than from freshwater. The
number of accumulative berried females decreased as
salinity increased from freshwater to saline water at 16
ppt, it was shown in Table 2. It is evident that higher
salinity delays maturation for about two months, while
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higher temperature accelerates maturation. The
highest number of berried females (77 females) was
observed at 30°C- 0 ppt, while the lowest number (5
females) was obtained at 34 °C-16 ppt. This confirms
the observation of Yen and Bart (2008) that salinity
delays maturation of M. rosenbergii, while the number
of berried females (with gray eggs) decreased with
increasing salinity from 143 at ogL” to 59 at 18gL".
Moreover, Jayalakshmy and Natarajan (1996) held
Macrobrachium idella at 15 gL" salinity and observed
that any post molt attempt to mate was largely
unsuccessful and fertilization of eggs did not take
place.

Table 2: Availability of mature females in different
salinities (seasons) during 2011-2012

.. 2011 2012
Temp (oC) Sallntlty July-  Oct-  Jan- April-June Total
(ppt) Sep Dec March
26 (] ¢} (o] 20 25 45
6 o] 0 18 14 32
8 ¢} (o] 10 10 20
12 ¢} (o] 5 6 1
16 0 [} 2 4 6
30 o 0 o 45 32 77
6 ¢} (o] 37 24 61
8 o) [} 26 16 42
12 0 o] 20 10 30
16 ¢} (o] 10 5 15
34 (] ¢} (o] 30 24 54
6 o] 0 15 21 36
8 0 ¢} 14 10 24
12 ¢} (o] 5 5 10
16 0 0 3 2 5
ACKNOWLEDGEMENTS

The authors are grateful to all technical staff of the
hatchery and management for providing the necessary
facilities. Also we wish to thanks to technical staff of
Priya fish farmers for providing good and healthy
juvenile prawns for this study.

REFERENCES
1. Arshad EA, Kamarudin MS, Saad, CR. Effect of
temperature on the incubation period and
reproductive performance of berried female blue
swimming crab, Portunus pelagicus (Linnaeus,
1758) under culture conditions. Research Journal of
Fisheries and hydrobiology, 2006, 1(1), 23-27.

2. Charmantier G. Ontogeny of osmoregulation in
crustaceans: A review. Invertebr. Reprod. Dev.

1998, 33(2-3), 177- 190.

3. Chen SM, Chen, JC. Effects of pH on survival,
growth, molting and feeding of giant freshwater
prawn Macrobrachium rosenbergii. Aquacult, 2003,
218, 613-623,

4. Choy SC. Embryonic and larval biology of
Liocarcinus holsatus and Necora puber (Crustacea:

www.ijbio.com

153

10.

1.

12.

13.

14.

15.

16.

International Journal of Bioassays, 2012, 01 (11), 150-155

Brachyura: Portunidae). J. Exp. Mar. Biol. Ecol.
1991, 148; 77-92,

Das NN, Saad CR, Ang KJ, Law AT, Harmin SA. Diet
formation for Macrobrachium rosenbergii (De Man)
brood stock based on essential amino acid profile
of its eggs. Aquacult. Res., 1996, 27, 543-555.

Dube P, Portelance B. Temperature and
photoperiod effects on ovarian maturation and
egg laying of the crayfish, Orconectes limosus.
Aquacult., 1992, 102, 161-168,

Espina S, Diaz-Herrera F, Bucle LF. Preferred and
avoided temperature in the crayfish Procambarus
clarkii (Decapoda, Cambaridae). J. of Thermal

Biology, 1993, 18(1), 35-39.

Firkins I, Holdich D. Thermal studies with three
species of freshwater crayfish. Freshwater
Crayfish, 1993, 9, 241- 248.

Goodwin HL, Hanson JA. Aquaculture of the
freshwater prawn Macrobrachium species. The
Oceanic Institute, Waimanalo. Hawaii. 1975.

Gutierrez-Yurrita PJ. Papel Ecologico Del Cangrejo
Rojo (Procambarus clarkii)), En El Parque National
De Donana. Una Perspectiva Ecofisiologica.
Servicio de Publicacions,Universidad Autonoma De
Madrid, Espana, 2000, 68(5-6), 280.

Heasman MP, Filder DR. Laboratory spawning and
mass rearing of the mangrove crab, Scylla serrata
(Forskal), from first zoea to first crab stage.
Aquacult, 1983, 34, 303-316.

Hill BJ. Salinity and temperature tolerance of zoea
of the portunid crab Scylla serrata. Mar. Biol. 1974,
25, 21-24.

Hoang T, Lee SY, Keenan CP, Marsden GE. Effect of
temperature on spawning of Penaeus merguiensis.
Journal of Thermal Biology, 2002, 27: 433-437.

Ismael D, New MB. Biology In: New, M.B., Valenti,
W.C. (Eds.) Freshwater Prawn Culture, the Farming
of Macrobrachium rosenbergii. Blackwell Science,
Oxford, 2000, 69-90.

Jane R, Goldman CR. Growth and food conversion
efficiency of juvenile Pacifastacus leniusculus along
a salinity gradient. Freshwater Crayfish, 1978, 4,
105-114.

Jayalakshmy B, Natarajan P. Influence of salinity on
fertilization and hatching of Macrobrachium idella



Shailender M et al.:

17.

18.

19.

20.

21.

22.

23.

24.

25,

26.

27.

28.

www.ijbio.com

under laboratory condition. Journal of Aquaculture
in the Tropics, 1996, 11: 33-38.

John E. Physico-chemical studies of river Pumba
and distribution of prawn, Macrobrachium
rosenbergii. J. of Environmental Biology, 2009,

30(5), 709-712.

Katre S, Pandian TJ. On the hatching mechanism of
a freshwater prawn, Macrobrachium idea.
Hydrobiology, 1972, 49, 1-17.

Kinne O. The effects of temperature and salinity on
marine and brackish water animals: 1.Temperature.
Oceanogr. Mar. Biol. Ann Rev., 1963, 1, 301-440.

Kinne O. The effects of temperature and salinity on
marine and brackish water animals: 11.Salinityand
temperature-salinity combinations. Oceanogr. Mar.
Biol. Ann Rev. 1964, 2, 281- 339.

Law AT, Wong YH, Abol-Munafi A. Effect of
hydrogen ion on Macrobrachium rosenbergii (de
Man) egg hatchability in brackish water.
Aquaculture, 2002, 214, 247-251.

Lee CL, Fielder DR. The effect of salinity and
temperature on the larval development of the
freshwater prawn, Macrobrachium australienes
Holthuis, 1950 from south eastern Queensland,
Australia. Aquacult., 1982, 26, 167-172.

Ling S W. The general biology and development of
Macrobrachium rosenbergii (de Man). FAO. Fish

Rep. 1969, 57(3), 589-606.

Matsuda H, Takenouchi T, Yamakav T. Effects of
photoperiod and temperature on ovary
development and spawning of the Japanese spiny
lobster Panulirus japonicus. Aquacult., 2002, 205,

385-398.

New MB. Status of freshwater prawn farming: a
review. Aquaculture Research, 1995, 26, 1-54.

New MB. Freshwater prawn farming: global status,
recent research and a glance at the future.
Aquaculture Research 2005, 36, 210-230.

O,Brien CJ. The effects of temperature and salinity
on growth and survival of juvenile tiger prawn
Penaeus esculentus. J. Exp. Mar. Biol. Ecol. 1994,

183(1), 133-145.

Osalde CC, Rodriguez-Serna M, Olvera- Novoa MA,
Gutierrez-Yurrita PJ. Gonadal development,
spawning, growth and survival of the crayfish

154

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

International Journal of Bioassays, 2012, 01 (11), 150-155

Procambarus llamasi at three different water
temperatures. Aquacult. 2004, 232, 305-316.

Parado-Estepa FD. Survival of Penaeus monodon
postlarvae and juveniles at different salinity and
temperature levels. Isr. J. Aquacult. 1998, 50(4),
174-183.

Ponce-Palafox J, Martinez-Palacios CA Ross LG. The
effects of salinity and temperature on the growth
and survival rates of juvenile white shrimp Penaeus
vannamei, Boone, 1931. Aquacult., 1997, 157, 107-

115.

Preston N. The effects of temperature and salinity
on survival and growth of larval Penaeus plebejus,
Metapenaeus macleayiand M. bennettae. In
Rothlisberg. P.C., Hill, B.J. Staples, D.J.(Eds.),
Second Australian Nationl Prawn Seminar, 1985,
31- 40.

Scheffe’s H. On solutions of the BFHRFINS —FISHER
problem based on t-distribution. A Qnn. Math. Stat.

1943, 14: 35- 44.

Singh T. The isosmotic concept in relation to the
aquaculture of the giant prawn, Macrobrachium
rosenbergii. Aquacult., 1980, 20, 251-256.

Smith TIJ. Sandifer PA, Jenkins WE. Growth and
survival of prawns, Macrobrachium rosenbergii
pond reared at different salinities. In: New, M.B.
(Ed.), Giant Prawn Farming. Developments in
Aquaculture and Fisheries Science, Vol.10. Elsevier
Scientific Publishing Amsterdam, 1982, 191-202.

Soudarapandian P. Breeding behavior and effect of
salinity and osmolarity on incubation and hatching
of  Macrobrachium  Malcolmsonii  (H.  Miline
Edwards) under laboratory conditions.
International Journal of Zoological Research, 2008,
4(1), 81-84.

Staple DJ, Heales DS. Temperature and salinity
optima for growth and survival of juvenile banana
prawn Penaeus merguiensis. J. Exp. Mar. Biol. Ecol.,
1991, 154, 251-274.

Vijayan KK, Diwan AD. Influence of temperature,
salinity, pH and light on molting and growth in the
Indian white prawn Pendgeus indicus (Crustacean:
Decapoda: Penaeidae) under  laboratory
conditions. Asian Fish. Sci. 1995, 8, 63-72.

Wear RG. Incubation in British decapoda
crustaceans and the effects of temperature on the
rate and success of embryonic development. J.
Mar. Biol. Assoc. UK, 1974, 54, 745-762.



Shailender M et al.: International Journal of Bioassays, 2012, 01 (11), 150-155

39. Yen PT, Bart AN. Salinity effects on reproduction of  41. Zeng C, Wang G, Li S. Observation on embryonic
the giant freshwater prawn Macrobrachium development and effects of temperature on
rosenbergii (de Man). Aquacult, 2008, 280, 124-128. development rate of embryonic stages in mud

crab, Scylla serrata. Fujian Fisheries, 1991, 1, 45-50.

40. Zacharia S, Kakati VS. Optimal salinity and
temperature for early developmental stages of
Penaeus merguiensis De man. Aquacult., 2004, 373-

382.

Source of support: Nil
Conflict of interest: None Declared

www.ijbio.com 155



