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Abstract

Experiment was carried out to ascertain the impdcstocking density of monosex tilapia
(Oreochromis niloticus on production and profitabilityn freshwater prawnMacrobrachium
rosenbergi) farming system over a period of 150 days at fasmshrimp ponds, Madrasha
village, Bamorta union, Bagerhat district. Thereravehree treatmentgz. T;, T, and & with
tilapia of 10,000, 15,000 and 20,000/ha, respelstiaad each having three replicates. Density of
prawn at 20,000/ha was maintained in all the treatsn Ponds were stocked with monosex
tilapia and all male prawn juvenile. On average,g@bera of phytoplankton and 6 genera of
zooplankton were identified from pond water. Wagemlity parameters were within suitable
ranges for tilapia and prawn in all the treatmeltsan weight of tilapia decreased significantly
(p<0.05) with increasing stocking density but suabirate did not differ significantly. Higher
production of prawn was obtained in 1950.4 kg/ha) followed by ;I(923.0 kg/ha) and 3T
(805.2 kg/ha). On the contrary, production of tigagvas significantly higher in s(1,686.60
kg/ha) and 7 (1,587.60 kg/ha) than in;{1,310.0 kg/ha). However, the overall total pracarc

of tilapia and prawn was significantly (p<0.05) inég in T, (2,510.60 kg/ha) and31(2,491.80
kg/ha) compared to11(2,260.40 kg/ha). Higher profit was also foundin(BDT 238,923.00/ha)
followed by T; (BDT 222,557.00/ha) and;T147,819.00/ha). Therefore, the results of theystu
implied that inclusion of tilapia at a density &,000/haenhanced the total production and
contributed greatly to earn higher profit.

Keywords: Freshwater prawn, monosex tilapia, stocking dgngroduction, profit
I ntroduction
Freshwater prawriylacrobrachium rosenbergis indigenous to South and Southeast Asia, parts

of Oceania and Pacific islandd. rosenbergiihas been imported into many other tropical and
subtropical areas of the world and is the speciest fiavoured for farming (FAO, 2002). Inland

waters of Bangladesh are suitable for growth of yngmecies of freshwater prawns. There are
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about 23 species of freshwater prawns includingsg€cies ofMacrobrachium Of them, M.
rosenbergiiis the most popular cultured species in Bangladkshto its higher growth, size,
disease resistance, salinity tolerance and higte pn international and domestic market. It has
much aquaculture potential and is commerciallyuwseld in Bagerhat, Khulna, Pirojpur and other
districts. Freshwater prawn is contributing arou®d6 of total shrimp export, which is about
BDT 1,092.06 crore share out of the total exporfTB¥)640.2 crore (DoF, 2013).

Polyculture of commercially important fish specigsnost popular all over the world especially
in Asian countries (China and India). The first andst important issue in polyculture system is
the possibility of increasing production in pertuaiea by better utilization of natural food of
water bodies. Species selection also plays andtalin this system that all the species should be
benefited by the available food such as plankt@tritds and others, without competing with
each other. Of all the species of fish, tilapitghis most acceptable food fish in many countries of
the world including Bangladesh. Polyculture of pnawith a noncompeting of fish species may
effectively boost up the pond production (Rouse &tickney, 1982). Ling (1962) recommended
polyculture ofMacrobrachiumtogether with non-carnivorous freshwater fish sashcarps and
tilapia. Polyculture of prawn/shrimp and tilapia ynae the modern equivalent of the Chinese
polyculture of carps (Yiet. al, 2002). Of late, there has been an enormousesitten the
polyculture of freshwater prawn with finfish, esly with tilapia (New, 2005). Prawn may
culture with a suitable finfish which directly helpo enhance the production as a whole with an
environment friendly situation (Shofiquzzoha an@ml 2008). Tilapia@reochromis niloticus

is a quick growing species and has ability to adapalmost all aquatic systems all over
Bangladesh. It is exotic species of Bangladeslstliziln 1970 the species was imported from
Thailand by UNISEF. Secondly Bangladesh FisherieseRBrch Institute imported the species at
1987 from Thailand. It has high resistance to peater quality, disease and tolerance to a wide
range of environmental conditions. Tilapia has ®adous prospects as a superior food item
both national and international market. Productod profitability of polyculture of tilapia and
prawn depend on several factors. Stocking densitiglois one of the most imperative factors of
them. Some sporadic works have been done in Baggjladeeping the above facts in mind, the
present study was undertaken to assess the implastscking density of tilapia on production

and profitability in polyculture system.
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Materials and Methods

Study area and design

The study was performed in 9 rectangular eartheimghpond of farmers at Madrasha village,
Bamorta union of Bagerhat district from April to gust, 2012. Ponds were with an area of 400
m® and average depth of water was-68B5 m each. The trial was conducted in a completely
randomized design into three different treatmerith ¥hree replications each. Stocking density
of prawn Macrobrachium rosenbergiwas same in all treatments. The differences thérmint
treatments were stocking density of tilaparéochromis niloticus The stocking densities of
tilapia were 10,000; 15,000 and 20,000/ha 4nTg, T3, respectively.

Pond preparation and management

All the experimental ponds were drained out andewelly exposed to sunlight. Ponds prepared
by repairing the embankments and by removing aks$yof weeds. Before the trial, ponds were
treated with lime (CaCg¢) at a rate of 250 kg/ha based on soil pH. The pamere then filled
with tidal water gradually up to a depth of 0.75rom the nearby tidal canal through screen net.
All unwanted organisms were eliminated using rotenat the rate of 3 ppm and then lime
(CaCQ) was applied at the rate of 125kg/ha for neutiradjats action. Fine mesh sized nylon
net was used to fence on the dikes around the pmngsohibit the potential disease carriers
fauna such as snail, snake and others from outéf@éer of the ponds was treated with extract
of fermented molasses at the rate of 50kg/ha dailyhree consecutive days. The molasses was
fermented for 24 hours with 25 kg rice bran and B#0spoonfuls yeast/ha. After 4~5 days, the
colour of water turned into green. Ponds were ttecked with juvenile of freshwater prawn
and mono-sex tilapia with a mean weight of 3.0 arflg, respectively. Juveniles of prawn and
tilapia were collected from a local traders ancecans taken to minimize the mortality during
stocking. Sometimes, urea and triple super phospfi@P) was added at the rate of 39.0 kg/ha
(1:2) at 1 month intervals to improve the primarpgquction. Urea and TSP were used in five
times. Fertilization enhanced the plankton produrcin the ponds. During the culture period,
lime (@ 25.6-50 kg/ha, CaO) was used at 7~15 days intervals iotana the pH and to destroy
the pathogen of waterbodies.

Stocking and feed management

Male prawn juveniles were stocked at a density ofd¥./n? and monosex tilapia were stocked
in all the ponds at a density of 1.0, 1.5 and &dvi/nt, respectively. After 26-25 days of



96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120

121
122
123
124
125
126

prawn stocking, tilapia stocked in all the pondentnercial pelleted shrimp/prawn feed (32.0%
protein , 11.0 % Moisture, 4.0 % Crude lipid an@ 8 Crude fiber) procured from local market
was applied 6 days in a week to the ponds at tieeafal0% of prawn biomass for first month
and assuming 8885% survival feed application was gradually redu(@% of body weight for
2nd month and 2% of body weight for the rest of i@nths) to 2% body weight at the end of
the culture period. Tilapia were fed with farm mdéded (40% rice bran, 20% wheat flour, 15%
corn flour, 20% fish meal and 5% mustard oil cakate per day at the rate of 10% of the total
biomass for first two months and 5~3% body weigthatend of the culture period. Tilapia feed
was used before 3045 minutes of prawn feed applying owing to propiization of feed and

to minimize the feed competition among the cultuspdcies. Weights of minimum-510% of
initially stocked prawn and tilapia in numbers weeeorded fortnightly to estimate the biomass
and adjust the feeding rate and also to observphiisical conditions of the species. Prawn and
tilapia were sampled using cast net. Lime was aggl all the ponds at monthly intervals at the
rate of 50.6-75.0 kg/ha based on water depth for keeping thd @ader quality of the ponds.
Water quality and plankton estimation

Water quality parameters of the ponds like as teatpee, dissolved oxygen (DO), pH,
transparency, salinity, total alkalinity, nitratéragen (NQ—N) and ammonia (N&N) were
recorded twice a month. Temperature and DO weresuaned using digital DO meter (YSI
model 58). Salinity was estimated using a portatdéactometer (ATAGO, Hand-Held
Refractometer). Transparency was measured usimgehBdisc and pH was determined using a
pH meter (HACH). Total alkalinity was measured kiyation method and inorganic nutrients
(NHs-N and NQ-N) were determined using HACH kit (HACH Model FA)1 DO, pH,
temperature and transparency were measured difecttythe ponds between 08:00 and 10:00
hours and the other parameters were measured & Afad Soil Quality Laboratory of Shrimp
Research Station, Bangladesh Fisheries ReseattutieysBagerhat, Bangladesh.

For plankton determination, 10 litres water samplese collected monthly from different
locations and depths of each pond and filteredutlfingolankton net (mesh size-25um). Filtered
samples were transferred to a measuring cylinddrraade up to 50 ml with distilled water.
Samples were preserved in small plastic bottlek Wit% buffered formalin until examination.
Plankton was counted using a Sedgewick—Rafter ooyrdell (S—R cell) under a binocular

microscope (Olympus, M-4000D) following Stirling 985). Plankton were identified up to
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genus level and enumerated. The plankton perditagiginal water was estimated applying the

following formula (Rahman, 1992).

_Ax 1000 xC
VxFEFxL

Where,

N=Number of plankton cells or units per litre ofgdnal water.
A=Total number of plankton counted.

C=Volume of final concentration of the sample in ml
V=Volume of a field =1 cu mm.

F=Number of the field counted.

L=Volume of original water in litre.

Harvesting and production parameters

At the end of the study, all prawn and tilapia wheevested by repeated netting (cast net and
surrounding net) and completely drained out. Aligia and prawn harvested from each pond
were counted, measured and weighted individuallgigt gain per tilapia and prawn was
calculated by deducting the average initial weighin the average final weight. Specific growth
rate (SGR; % body weight gain per day) was estichasefollows:

SGR= [Ln (final weight) — Ln (initial weight) x 1Q0cultured period (day)

FCR= Feed consumed (g dry weight)/Live weight dgimet weight) of fish/prawn

Economical analyses

Growth, production, net returns and cost—benefib naere analyzed using one way ANOVA to
compare the treatments means. Plankton data arett guadlity parameters were compared in a
repeated measure ANOVA. If the main effect was €baignificant, the ANOVA was followed
by DMRT (Duncan’s Multiple Range Test). All ANOVAere tested at 5% level of significance
using SPSS (Statistical Package for Social Scierarsjon 14.

A simple algebraic economic analysis was carriedtouletermine the net return and benefit—
cost ratio of prawn and fish culture in differergatments. The following equation was used to

quantify the profitability of prawn—tilapia culture pond system$\IR = TR — (FC + VC + Ii)
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Where NR = net return, TR = total revenue from praamd tilapia sales, FC = fixed/common
costs, VC = variable costs and Ii = interest orutspThe cost-benefit ratio was determined as:
Cost—benefit ratio (BCR): Total net return/Totgbur cost.

The prices of different kinds of inputs, prawn aiapia correspond to the Bagerhat wholesale
market prices in 2012. Prawn and tilapia were sdlthe rate of Tk. 540.00 and Tk. 100.00—
120.00, respectively.

Resultsand Discussion

Growth and production performance of freshwater prawn and tilapia

The results of growth and production performancprafvn and monosex tilapia are displayed in
Table 1. Although similar sizes of prawn juvenilesre stocked in all the treatments ponds, the
individual final weight of prawn was higher in 166.0 g) and 7(65.0 g) than 7(61.0 g). The
highest specific growth rate (SGR) of prawn wasnfbin T; (1.65%) and 7T (1.61%), which
was significantly (p<0.05) different from that inz {1.52%). Asaduzzamaet al. (2009)
observed that the SGR of prawn in a periphyton-th&ispia and prawn polyculture system was
1.63%, which was coincided to the present findin§sirvival rate of prawn was also
significantly higher in T (72.0%) and T (71.0%) than that of 35T(66.0%). Uddinet al. (2006)
and Islam and Mahmud (2011) reported that the galaf prawn ranged between 57-66% and
58—-65%, respectively in polyculture system of prailapia, which were slightly lower than the
present findings. MacRaet al. (2002) and Kundat al. (2008) observed that the average
survival rate of prawn was 38% and 49-57%, respelgtirecorded in prawn porgiiers which
was lower than that of present findings. It wasenbsd that growth rate and survival of prawn
decreases with the increases of stocking densitjapia. These were also associated with water
depth and space of pond. SGR and survival of piawiiz was significantly lower probably due
to intra-specific competition between two species &ithin the species. Garcia-Peretz al
(2000) stated that there are many factors thattaffe survival of prawn like as environmental
stress, water level, cannibalism, bird predatiaedptor fish, etc. Cannibalism during moulting
period is a common phenomena and may be responfbl@a monthly mortality of 4%
(AQUACOP, 1990). Survival rate of monosex tilapiaswranged between 56.2 to 65.5%. Higher
survival of tilapia was found inTand &, and lower in § (56.2%). The overall survival of tilapia
was within the range of reported values in earthemds: 66—73% (Islam and Mahmud, 2011),
78.43% (Shofiqguzzoha and Alam, 2008) and 57-66%diftudt al, 2006), depending on the
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pond size, stocking size, stocking density, contimnawith other species and management
practices. SGR of tilapia (3.98-4.13%) was notificantly different among the treatments. The
SGR of tilapia ranged between 2.87 to 3.09 and &(B734%, respectively reported by Udein

al. (2007) and Islam and Mahmud (2011), which wasoalrsimilar with the present findings.

Food conversion ratio (FCR) of prawn was signifitatower in Ty (2.7) than that of 3(3.6)
and T; (3.2) but & and & were not significantly different. FCR of tilapia three treatments
ranged between 2.30-2.71. Higher FCR of tilapia feamd in T; and lower in T. Highest
production of prawn (950.4 kg/ha/150 days) was mdet in T, which was significantly
different (p<0.05) from 7 (805.2 kg/ha/150 days) but not significantly diéfiet from T, (923.0
kg/ha/150 days). Significantly higher productiontitdipia was found in 3(1,686.6 kg/ha/150
days) than that of 11(1,310.0 kg/ha/150 days) and [@,587.6 kg/ha/150 days). Production of
tilapia increased with increasing density but indiisal weight gradually decreased. Islam and
Mahmud (2011) found the net yield of prawn of 1,@4&nd 1,105 kg/ha/180 days, respectively
in polyculture system with tilapia and in monocuétisystem in brackishwater ponds, which was
higher than the results of present work. Whereas pghoduction of prawn recorded by
Asaduzzamaret al. (2009), Kundaet al. (2008), Asaduzzamaet al. (2006), Raizadaet al
(2005) and Nairet al. (1998) were 609.0-810.0 kg/h294-596 kg/ha, 390.0 kg/ha, 600.0—
1,000.0 kg/ha and 603.0 kg/ha, respectively whienewower than the production obtained in
the present study. Significantly higher (p<0.05nbined production (2,510.60 kg/ha) of prawn
and tilapia was achieved from Than that of § (2,491.80 kg/ha) and;12,260.40 kg/ha). The
combined vyield of prawn and tilapia reported Bgaduzzamaret al. (2009) was 1,763.0
kg/ha/120 days which was lower than the presemnlirfgps. The highest combined production
obtained by Uddiret al. (2006) in ponds stocked with 75% tilapia and 2bfawn was 1,691
kg/ha which was also much less than the presedy stu

Cost-benefit analysis
The cost and profit of the study was presentedabld 2. The total cost was higher in (BDT

455,649.00/ha) and,{BDT 450,009.00/ha) than i, TBDT 447,859.00/ha). The total net profit
was significantly higher in J(BDT 238,923.00/ha) and;T(BDT 222,557.00/ha) than in3T
(BDT 147,819.00/ha). The net profit recorded by lddet al (2009), Uddinet al. (2007) and
Uddin et al (2006) was Tk. 40,708.00-55,718.00/ha, Tk. 46®+¥23,302.0/ha and Tk.
30,426.00-53,546.00/ha, respectively in polycultsystem of prawn and tilapia which were
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much lower than the profit of the present studye Het profit reported by Islam and Mahmud
(2011) was Tk. 236,797.0/ha/150-180 days in farnmhgrawn and tilapia which was similar
with the findings of } but higher than Fand T,. Cost—benefit ratio (BCR) was significantly
higher (p<0.05) in 7(1.53) than 7 (1.32) and T (1.49). The results of the study indicated that
stocking density of tilapia affected the econonaturn positively. There was no adverse change
on the water quality due to different density dd@ia. Inclusion of tilapia did not hamper the

growth and production of prawn.

Table 1. Growth and production performance (meantSdE.Macrobrachium rosenbergiand
Oreochromisiloticusin different treatments during the culture period

Species and production parameters T1(30,000/ha)  7T(35,000/ha) T(40,000/ha)

Macrobrachium rosenbergii

Stocking density (individual/f) 2.0 2.0 2.0
Average initial weight (g) 3.0+0.10 3.0+£0.15 3.039.
Average final weight (g) 66.0+3.46 65.0+3.85 61.064
Survival (%) 72.0+£1.35 71.0+1.46 66.0+2.89
Specific growth rate (% day 1.65+0.17 1.6120.17 1.52+0.17
FCR 2.7+0.21 3.2+0.20 3.6x0.15
Production (kg/ha/150 day) 950.4+45.20  923.0240.3f  805.2+35.44
Oreochromis niloticus
Stocking density (indv./f 1.0 1.5 2.0
Average initial weight (g) 1.0+0.12 1.0+0.08 1.0%0.
Average final weight (g) 200.046.35 168.0+7.25 150.0+6.82
Survival (%) 65.5+3.2 63.0+2.5 56.2+2.7
Specific growth rate (% day 4.13+0.30 4.02+0.19 3.98+0.26
FCR 2.30+0.34 2.50+0.20 2.71+0.19
Production (kg/ha/150 day) 1,310.00149.2 1,587.60164.§ l,686.60150.§

Combined production (kg/ha/150 days) 2,260.40+88.54 2,510.60+75.64 2,491.80172.55

Figures with different superscript in the same dhiffer significantly (p<0.05).
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Table 2. Economical analysis oMacrobrachium rosenbergii and Oreochromis niloticus
production in different treatments at the end efstudy

ltems T, (30,000/ha) 7(35,000/ha) 1(40,000/ha)
Total gross return (Tk./ha) 670,416.00 688,932.00 03,468.00
Total cost (Tk./ha) 447,859.00 450,009.00 455,629.0
Net profit (Tk./ha) 222,557.00 238,923.00 147,809.0
Net profit margin (%) 49.69 53.09 32.44
Cost-benefit ratio (BCR) 1.49 1.53 1.32

Of the phytoplanktorskeletonemaCoscinodiscusRhizosoleniaChaetocerosTriceratiumand
Bacillaria  (Bacillariophyceae), Spirogyra Spiruling  Tetraspora and Selanestrum
(Chlorophyceae)AnabaenaNostocandMicrocystis(Cyanophyceaepinophysis Ceratiumand
Pyrocystis (Dinophyceae) andtuglena (Euglenophyceae)Cyclops Diaptomusand Nauplius
(Copepoda)Brachionusand Trichocerca (Rotifera) andDiaphanosomaCladocera) were the
dominating genera of the zooplankton. Concentratioplankton population and their variation
are shown in Figure la and 1b, respectively. Thendhnce of phytoplankton was found to
range from 9,000 to 19,000 cell/L (Fig. 1a) whitmplankton varied from 1,400 to 8,500 cell/L
(Fig. 1b).

The phytoplankton and zooplankton recorded by S$juatioha and Alam (2008) at
brackishwater culture ponds was 8,000-16,000 ad@0%9,000 cell/L, respectively which was
more or less similar to present findings. The alaucée of zooplankton of the present study was
higher than the findings of Hossain (1999) who rded the zooplankton abundance of 225-

2,190 cells/L in the Maheskhali channal, Cox’s Baza

25000 A
——T1 —a— T2 —a—T23

20000 A
15000
10000

S000 H

Phytoplankton number (cellfL)

Apr-14 May-14 Jun-14 Jul-14 Aug-14 Sep-14
Sampling dates

Ficure 1a. Wariation in phytoplankton abundance {(cell/L) at
monthly intervals in three treatments.
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271 Water quality parameters
272 Water quality parameters of pond water such as ¢eatpre, transparency, pH, ammonia,

273 salinity and alkalinity were measured and are priegsein Table 3.

274 Table 3. Mean (x SD with range) values of recorded wateality parameters in different

275 treatments during the study period
276
Parameters Treatments
T: \ T, \ Ts
; 30.5+1.8 30.5+1.6 30.6+1.6
Temperature C) (27.0~32.1)  (27.0~32.3) (27.0~32.2)
Salinity (6pt) 5.11+0.5 5.12+0.6 5.13+0.4
(1.5~6.5) (1.7~6.4) (1.5~6.4)
. 4.55+0.25 4.50+0.18 4.45+0.16
Dissolved oxygen (mg/L) (4.0~5.1) (4.1~5.0) (4.0~4.8)
oH 7.4 7.5 7.3
(7.1~7.7) (7.2~7.6) (7.0~7.4)
Transparency (cm) 39.34+4.32 41.62+5.24 43.5646.41
(29.0~40.0)  (28.0~42.0) (28.0~44.0)
95.8+4.25 96.5+4.86 97.0+5.37

Total alkalinity (mg/L) (90.0-100.5)  (91.0~105.1)  (91.0~106.5)

0.010+0.003 0.011+0.002 0.012+0.003
(0.006~0.023) (0.005~0.020)  (0.006~0.022)
0.042+0.015 0.046+0.019 0.048+0.021
(0.002~0.089)  (0.002~0.090)  (0.002~0.092)

277 Water temperature varied from 27.0 to 3Z3n all the treatments and found to be more & les

NOs-N (mg/L)

NH4-N (mg/L)

278 similar with recorded temperature (22—?@9 by Kundaet al. (2008). Salinity fluctuated from

10
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6.5 ppt to 1.5 ppt and it was within the toleraldage to prawn (Islam and Mahmud, 2011).

Dissolved oxygen (DO) recorded to range betweer310 mg/L. DO level of the present

observation remained above (>3.5 mg/L) the sugdesi@imum level according to Boyd and

Fast (1992). pH values varied from 7.1 to 7.7 wéakiw the suitable range for fish and prawn.

Other parameters such as transparency, total miyalnitrate nitrogen (N@-N) and ammonia

(NH4—N) as recorded to range between 28.0-44.0 cm;-208)5 mg/L, 0.005-0.023 mg/L and

0.002-0.092 mg/L, respectively were within suitabéege for prawn and fish. Significant

difference (p>0.05) of water quality values was fooind among the treatments.

Conclusion

The results revealed that an addition of tilapisaatlensity at 15,000/ha increased the total

production and contributed to earn higher profiiefiefore, from the results of this study, it may

be concluded that for higher profit and productianstocking density of 15,000 tilapia and

20,000 prawn/ha, respectively may be recommended fdapia and prawn polyculture system

in coastal environment

References

AQUACONP. 1990. Freshwater prawns. In M. Norton JEAquaculture (pp.501-528). Bookcraft
Limited, London, UK.

Asaduzzaman M, Wahab MA, Verdegem MCJ, BenerjeAk¥r T, Hasan MM, Azim ME.
2009. Effects of addition of tilapi®@reochromisniloticus and substrates for periphyton

developments on pond ecology and production in GINwolled freshwater prawn
Macrobrachiunrosenbergiifarming systems. Aquaculture, 287: 371-380.

Asaduzzaman M, Wahab MA, Yi Y, Diana JS, Lin CKOB0Bangladesh prawn-farming reports
industry evolution. Global Aquaculture Advocate49:43.

Boyd CE, Fast AW. 1992. Pond monitoring and managenin: Fast A W and Lester | J (Ed.)
Marine shrimp culture: Principle and practice, Eise Science Publishers B.V.: 497-513.

DoF (Department of Fisheries). 2013. Exported festd fisheries commodity. Fish week
compendium. Department of Fisheries, Ministry ofkHeries and Livestock, Dhaka,
Bangladesh. p. 124-128.

FAO (Food and Agriculture Organization). 2002. Fawgnfreshwater prawns. FAO Fisheries
Technical Paper 428, Rome.

Garcia-Perez A, Alston DE, Cortees-Maldonado R.0208rowth, survival, yield and size
distributions of freshwater prawWMacrobrachiumrosenbergiiand tilapiaOreochromis
niloticus in polyculture and monoculture systems in PuericoRJ. World Aquaculture
Society, 31(3): 446-451.

11



313
314
315

316
317

318
319
320
321

322
323

324
325
326
327

328
329
330
331

332
333

334
335

336
337
338

339
340

341
342
343

344
345
346

Hossain MA. 1999. Seasonal dynamics of phytoplankiiod zooplankton in the coastal waters
of the Bay of Bengal, Cox's Bazar, Bangladesh. MI®esis, Dept. of Fisheries
Management, Bangladesh Agricultural University, Mymsingh, Bangladeh.

Islam MS, Mahmud Y. 2011. Performance of freshwateawn with tilapia and rui in
brackishwater pond. SAARC J. Agriculture, 9(1): 471.

Kunda M, Azim MK, Wahab MA, Dewan Somen, Roos N,il§ied SH. 2008. Potential of
mixed culture of freshwater prawMécrobrachiumrosenbergij and self-recruiting small
fish mola Amblypharyngodonmold in rotational rice-fish/prawn culture system in
Bangladesh. Aquaculture Research, 39: 506-517.

Ling SW. 1962. Studies on the rearing of larvae @ngeniles and culturing of adults of
Macrobrachiunrosenbergii Technical Paper, IPFE.

MacRae IH, Chapman G, Nabi SMN, Dhar GC. 2002. Avey of health issues in
carpMacrobrachiumculture in rice fields in Bangladesh. In: ArthurR] Phillips M J,
Subasinghe R P, Reantaso M B and MacRae | H (EdnaR/ Animal Health Care in
Rural, Small-scale, Aquaculture Development. FA6hFiTech. Pap. No. 406: 95-112.

Nair KGR, Jose S, Mathew PT, Stephen J, Madhavd®®8. Growth, survival and production
of Macrobrachium rosenbergii with an indigenous feed. InProceedings National
Symposium on Technological Advantages in Fisheaesl its impact on Rural
Developmentindia: 128-131.

New MB. 2005. Freshwater Prawn Farming: globalustatecent research and a glance at the
future. Aquaculture Research, 36: 210-230.

New MB. 2002. Farming of freshwater prawn: a marfealthe culture of giant river prawn
(Macrobrachiunrosenbergi). FAO Fisheries Technical Pap@25 (Rev 1), FAO, Rome.

Raizada S, Chadha NK, Javed H, Ali M, Singh 1J, ka8, Kumar A. 2005. Monoculture of
giant freshwater prawmacrobrachiumrosenbergiiin inland saline ecosystem. Journal of
Aquaculture in the Tropics, 20: 45-56.

Rahman MS. 1992. Water quality management in aduseu BRAC Prokashana, Dhaka,
Bangladesh, 123 p.

Rouse DB and Stickney RR. 1982. Evaluation of thedpction potential oMacrobrachium
rosenbergiiin monoculture and polyculture witfilapia aurea J. World Mariculture
Society, 13: 73-85.

Shofiqguzzoha AFM and Alam MJ. 2008. Culture fedgipof silver barb Barbodesgonionotus
Bleeker) and GIFT with shrimpPénaeus monodon Feb.) in brackishwater pond.
Bangladesh J. Fish. Res., 12(1): 69-74.

12



347
348

349
350
351
352

353
354
355
356

357
358
359
360

361
362
363

Stirling HP. 1985.Chemical and Biological Methods of Water Analysoss Aquaculturists
Institute of Aquaculture, University of Stirling,KJ

uddin MS, Azim ME, Wahab MA, Verdegem MCJ. 2006.eTpotential of mixed culture of
genetically improved farmed tilapi@®(eochromisniloticus) and freshwater giant prawn
(Macrobrachiunrosenbergi) in periphyton based systendgjuaculture researcl87: 241-
247.

uddin MS, Rahman SMS, Azim MK, Wahab MA, VerdegenCd] Verreth JAJ. 2007. Effects
of stocking density on production and economicqNié tilapia (©Oreochromisniloticus)
and freshwater prawnMacrobrachium rosenbergi) polyculture in periphyton-based
systemsAquaculture Researcl38: 1759-1769.

uddin MS, Azim MK, Wahab MA, Verdegem MCJ. 2009.fé¢ts of substrate addition and
supplemental feeding on plankton composition anadyction in tilapia Qreochromis

niloticus) and freshwater prawnM@acrobrachiumrosenbergi) polyculture. Aquaculture
297: 99-105.

Yi Y, Bolivar R, Contreras-Sanchez W, Fitzsimmons 2002. Survey study and stocking
densities for tilapia-shrimp polyculture. The pahghamics/Aquaculture CRSP 10 NSR 3:
(10 New species Research 3).

13



