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Studies on nutritional requirements of the Banana Shrimp,

Penaeus merguiensis for developing an environmental-friendly culture system
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Studies on nutritional requirements of ine Banana Shrimp, Penaeus merguiensis

for developing an environmental-friendly culture system

Porcham Aranyakananda and Nudol Moree

Sichang Marine Science Research and Training Station

Aquatic Resources Research Institute Chulalongkorn University

Abstract

Nutritional requirements of Banana shrimp, Penaeus merguiensis were studied
in order to develop an environmental-friendly culture system. Three experiments were
designed and conducted using the experimental systems at the Sichang Marine
Science Research and Training Station, Aquatic Resources Research Institute,
Chulalongkorn University, Chon Buri. The first experiment was done to find the
appropriate stocking density of the Banana shrimp. The result indicated that stocking
density of 25 shrimp per square meter was the most suitable density due to high growth
rate, high survival rate and highest production. The second experiment was conducted
to investigate the correlation of dietary protein level and feeding frequency on growth
and survival rates of Banana shrimp. The result showed that dietary protein level did not
affect growth rate but did affect the survival rate of Banana shrimp while feeding
frequency at 2 or more times per day did not affect either growth rate or survival rate.
There is no interaction between dietary protein level and feeding frequency on either
growth rate or survival rate of banana shrimp. The third experiment was executed to
explore the correlation of dietary protein level and water exchange rate on growth and
survival rates of Banana shrimp. The data suggested that dietary protein level did affect
growth rate but did not affect the survival rate of Banana shrimp while water exchange
rate did not affect either growth rate or survival rate. There is no interaction between
dietary protein level and water exchange rate on either growth rate or survival rate of

banana shrimp.

Keywords: Banana shrimp, growth rate, survival rate, dietary protein level.
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The SAS System
General Linear Models Procedure
Class Level Information
Class lLevels Values
DENSE 6 1510152030
REP 5 12345
Number of observations in data set = 30
The SAS System
General Linear Models Procedure

Dependent Variable: SGR

Source DF Sum of Squares Mean Square F Value Pr>F
Model 5 0.76201667 0.15240333 2.60 0.0512
Error 24 1.40540000 0.05855833
Corrected Total 29 2.16741667
R-Square C.w. Root MSE SGR Mean
0.351578 10.43803 0.24198829 2.31833333
Source DF Type | SS Mean Square F Value Pr>F
DENSE 5 0.76201667 0.15240333 2.60 0.0512
Source DF Type Il SS Mean Square F Value Pr>F
DENSE 5 0.76201667 0.15240333 2.60 0.0512
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The SAS System
General Linear Models Procedure
Class Level Information
Class Levels Values
DENSE 6 1510152030
REP 5 12345
Number of observations in data set = 30

Dependent Variable: SURVIVAL

Source DF Sum of Squares Mean Square F Value Pr>F
Model 5 17238.00000000 3447.60000000 37.84 0.0001
Error 24 2186.80000000 91.11666667
Corrected Total 29 19424.80000000
R-Square Cwv. Root MSE ~ SURVIVAL Mean
0.887422 13.99634 9.54550505 68.20000000
Source DF Type | SS Mean Square F Value Pr>F
DENSE 5 17238.00000000 3447.60000000 37.84 0.0001
Source DF Type Il SS Mean Square F Value Pr>F
DENSE 5 17238.00000000 3447.60000000 37.84 0.0001

The SAS System 09:43 Saturday, March 28, 1998 39
General Linear Models Procedure
Duncan's Multiple Range Test for variable: SURVIVAL
NOTE: This test controls the type | comparisonwise error rate, not the

experimentwise error rate
Alpha= 0.05 df=24 MSE=91.11667

NumberofMeans 2 3 4 5 ©

Critical Range 12.46 13.09 13.49 13.77 13.99

Means with the same letter are not significantly different.

Duncan Grouping Mean N DENSE
A 100.000 51
A 96.000 55
B 72.000 5 10
B 60.000 5 15
C 46.000 5 20
C 35200 5 30
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The SAS System

General Linear Models Procedure

Class Level Information
Class Levels Values
FREQ 5 12345
PROTEIN 2 2040
REP 3 123

Number of observations in data set = 30
NOTE: Due to missing values, only 29 observations can be used in this analysis.

Dependent Variable: SGR

Source DF Sum of Squares Mean Square F Value Pr>F
Model 9 2.54435230 0.28270581 4.65 0.0024
Error 19 1.15611667 0.06084825
Corrected Total 28 3.70046897

R-Square C.v. Root MSE SGR Mean

0.687576 28.64861 0.24667437 0.86103448
Source DF Type | SS Mean Square F Value Pr>F
FREQ 4 1.93215563 0.48303891 7.94 0.0006
PROTEIN 1 0.15196056 0.15196056 2.50 0.1305
FREQ*PROTEIN 4 0.46023611 0.11505903 1.89 0.1535
Source DF Type 1l SS Mean Square F Value Pr>F
FREQ 4 1.93815000 0.48453750 7.96 0.0006
PROTEIN 1 0.14470556 0.14470556 2.38 0.1395
FREQ*PROTEIN 4 0.46023611 0.11505903 1.89 0.1535
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General Linear Models Procedure

Duncan's Multiple Range Test for variable: SGR

NOTE: This test controls the type | comparisonwise error rate, not the

experimentwise error rate

Alpha=0.05 df=19 MSE=0.060848

WARNING: Cell sizes are not equal.

Harmonic Mean of cell sizes= 5.769231

Number of Means 2

3

4 5

Critical Range .3040 .3190 .3285 .3352

Means with the same letter are not significantly different.

Duncan Grouping

A

o > > >

Mean
1.0620 5 4
1.0567 6 3
1.0100 65
0.8250 6 2
0.3850 6 1

N FEED

General Linear Models Procedure

Class Levels Values
FREQ 5 12345
PROTEIN 2 2040
REP 3 123

Number of observations in data set = 30

NOTE: Due to missing values, only 29 observations can be used in this analysis.

Dependent Variable; SURVIVAL

Source DF
Model 9
Error 19

Corrected Total 28

R-Square

0.426090
Source DF
FREQ 4
PROTEIN 1

FREQ*PRCTEIN

4

7275.86206897
9800.00000000
17075.86206897

CV.
36.58994
Type | SS

889.19540230

Sum of Squares

5120.00000000

1266.66666667

28

Mean Square F Value

Pr>F

808.42911877 1.57 0.1956

515.78947368

Root MSE SURVIVAL Mean
22.71099896 62.06896552

vean Sguare F Value Pr>F

222.29885057 0.43 0.7845

5120.00000000
316.66666667

9.93 0.0053

0.61

0.6578



Source DF Type Il SS Mean Square F Value Pr>F

FREQ 4 121111111111 30277777778 0.59 0.6760
PROTEIN 1 5336.50793651 5336.50793651 10.35 0.0045
FREQ*PROTEIN 4 1266.66666667 316.66666667 0.61 0.6578

General Linear Models Procedure
Duncan's Multiple Range Test for variable: SURVIVAL
NOTE: This test controls the type | comparisonwise error rate, not the
experimentwise error rate

Alpha= 0.05 df=19 MSE= 515.7895

WARNING: Cell sizes are not equal.

Harmonic Mean of cell sizes= 14.48276
Number of Means 2
Critical Range 17.66

Means with the same letter are not significantly different.

Duncan Grouping Mean N PROTEIN
A 74667 15 20
B 48.571 14 40
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The SAS System
General Linear Models Procedure
Class Level Information
Class Levels Values
EXCHANGE 4 102550100
PROTEIN 2 2040
REP 5 12345

Number of observations in data set = 40

Dependent Variable: SGR

Source DF Sum of Squares Mean Square F Value Pr>F
Model 7 0.78248270 0.11178324 3.83 0.0040
Error 32 0.93490440 0.02921576
Corrected Total 39 1.71738710

R-Square C.V. Root MSE SGR Mean

0.455624 23.30759 0.17092619 0.73335000
Source DF Type | SS Mean Square F Value Pr>F
EXCHANGE 3 0.11641250 0.03880417 1.33 0.2824
PROTEIN 1 0.59878090 0.59878090 20.50 0.0001
EXCHANGE*PROTEIN 3 0.06728930 0.02242977 0.77 0.5206
Source DF Type I SS Mean Square F Value Pr>F
EXCHANGE 3 0.11641250 0.03880417 1.33 0.2824
PROTEIN 1 0.59878090 0.59878090 20.50 0.0001
EXCHANGE*PROTEIN 3 0.06728930 0.02242977 0.77 0.5206
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General Linear Models Procedure
Duncan's Multiple Range Test for variable: SGR
NOTE: This test controls the type | comparisonwise error rate, not the
experimentwise error rate
Alpha= 0.05 df= 32 MSE= 0.029216
Number of Means 2
Critical Range .1101

Means with the same letter are not significantly different.

Duncan Grouping Mean N PROTEIN
A 0.85570 20 20
B 061100 20 40

General Linear Models Procedure
Class Levels Values
EXCHANGE 4 102550 100
PROTEIN 2 2040
REP 5 12345
Number of observations in data set = 40
General Linear Models Procedure

Dependent Variable: SURVIVAL

Source DF Sum of Squares Mean Square F Value Pr>F
Model 7 1030.00000000 14714285714 0.77 0.6130
Error 32 6080.00000000 190.00000000
Corrected Total 39 7110.00000000

R-Square C.Vv. Root MSE ~ SURVIVAL Mean

0.144866 16.50784 13.78404875 83.50000000
Source DF Type | SS Mean Square F Value Pr>F
EXCHANGE 3 430.00000000 143.33333333 0.75 0.5280
PROTEIN 1 10.00000000 10.00000000 0.05 0.8200
EXCHANGE*PROTEIN 3 590.00000000 196.66666667 1.04 0.3902
‘Source DF Type Il SS Mean Square F Value Pr>F
EXCHANGE 3 430.00000000 143.33333333 0.75 0.5280
PROTEIN 1 10.00000000 10.00000000 0.05 0.8200
EXCHANGE*PROTEIN 3 590.00000000 196.66666667 1.04 0.3902
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Dense replicate  Initialwt.  Final'wt.  SGR Survival
1 1 1.2 53 2.36 100
1 2 1 57 2.76 100
1 3 1.4 5.2 2.08 100
1 4 1.2 6 2.56 100
1 5 1.1 55 2.57 100
5 1 0.94 4.68 2,54 80
5 2 1.16 4.24 2.05 100
5 3 0.98 4.1 2.27 100
5 4 0.84 4.46 2.65 100
5 5 0.9 6.17 3.06 100
10 1 0.83 3.23 2.16 60
10 2 0.89 3.84 2.33 80
10 3 0.83 3.88 2.46 70
10 4 0.86 3.7 2.32 90
10 5 0.8 4.32 2.67 60
15 1 0.87 3.44 2.19 67
15 2 0.87 3.85 2.37 53
15 3 0.86 4.25 2.54 40
15 4 0.84 3.7 2.35 67
15 5 0.87 3.35 2.14 73
20 1 0.86 3.37 217, 50
20 2 0.89 3.78 2.3 35
20 3 0.89 3.08 1.98 50
20 4 0.87 2.95 1.94 50
20 5 0.84 2.99 2 45
30 1 0.99 4.74 2.49 23
30 2 0.94 3.8 2.22 43
30 3 0.96 3.25 1.94 37
30 4 0.93 3.61 2.14 43
30 5 0.97 3.28 1.94 30
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feeding  Protein Replicate Initial Wt.  FinalWt.  SGR Survival

1 40 1 212 278 0.55 80
1 40 2 2.02 2.7 0.59 40
1 40 3 1.98 217 0.18 60
2 40 1 2 2.55 0.51 80
2 40 2 1.96 3.1 0.94 40
2 40 3 2.12 35 1.02 20
3 40 1 1.96 3.83 1.37 60
3 40 2 2.06 3.65 1.16 40
3 40 3 1.98 4.27 1.57 60
4 40 1 2.02 3.75 1.27 40
4 40 2 1.96 3.1 0.94 20
4 40 3 1.98

5 40 1 2.08 33 0.94 20
5 40 2 2 3.05 0.86 40
5 40 3 2.02 3.45 1.1 80
1 20 1 2.14 2.34 0.18 100
1 20 2 1.98 2.15 0.16 80
1 20 3 1.86 2.57 0.65 60
2 20 1 2.02 2.68 0.57 100
2 20 2 2.1 3.1 0.79 100
2 20 3 1.82 3.17 1.12 60
3 20 1 2.06 2.7 0.67 60
3 20 2 2.1 2.6 0.45 40
3 20 3 1.98 3.43 1.12 .80
4 20 1 1.94 3.35 1.12 80
4 20 2 2.02 3.3 1 40
4 20 3 2.18 3.54 0.98 100
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3.4
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Exchange Protein
10
10
10
10
10
25
25
25
25
25
50
50
50
50
50

100
100
100
100
100
10
10
10
10
10
25
25
25

40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
20
20
20
20
20
20
20
20

Replicate

Initial wt.
1.58
1.64

1.6
1.66
1.66
1.62

1.5

1.7

1.6
1.62
1.52
1.64
1.58
1.62
1.64
1.54
1.54
1.62
1.54
1.58
1.54
1.54
1.54
1.64
1.62
1.58

1.6

1.68

Final wt.

35

2.18

1.9
1.98
2.08
2.56
1.85
2.35
2.32
2.26
2.38

2.3

25
2.14

2.4
2.68
2.33

23
2.33

2.4

2.28
27
2.4
2.8
25

2.35
2.8
2.5

SGR

0.575
0.263
0.38
0.402
0.773
0.237
0.802
0.555
0.616
0.687
0.739
0.752
0.543
0.702
0.877
0.739
0.716
0.65
0.791
0.421
0.7

0.791
0.955
0.775

0.709

0.709

Survival
100
60
100
100
80
80
80
80
100
100
60
60
100
80
100
60
80
80
60
100
80
80
80
80
80
80
60
80



25
25
50
50
50
50
50
100
100
100
100

100

20
20
20
20
20
20
20
20
20
20
20
20

1.52

1.5
1.58
1.66
1.62
1.64
1.54
1.62
1.66

1.5
1.56

1.64
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2.38

27
2.46
2.38
3.25
2.56
2.74
2.35

2.6
2.32
2.55
2.88

0.8
1.05
0.791
0.643
1.241
0.795
1.029
0.664
0.8
0.78
0.877

1.005

100
100
100
80
80
100
100
80
80
80
80
80
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