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Cage Rearing of Fry to Fingerling of Carp Species in 
Large Reservoirs in Northern Vietnam

Bui T. Anh and Nguyen H. Son1

Abstract

In North of Vietnam, culture-based fisheries and small scale aquaculture is often constrained by
the lack of suitably sized seed stock. Although large amounts of fry are produced there is dearth of
fingerlings for stocking purposes, thereby inducing fry to be stocked for aquaculture and culture-
based fisheries. The present experiments were instigated to evaluate the feasibility of using cage
culture technology, in large reservoirs, for fry to fingerling rearing. The paper describes the results
of experiments conducted in Thac Ba and Nui Coc reservoirs, in northern Vietnam, in 1997 to
1999, on the rearing of carp species. The technical, economical and environmental feasibility of fry
to fingerling rearing in large reservoirs were evaluated based on experiments conducted using a
randomised block design, in bamboo and net cages, when the optimal stocking density, feeding
regime and cage type were determined. Water quality parameters were investigated in and outside
the cages to evaluate the influence of cage culture on reservoir water quality. Finally, the data were
used to determine the economic feasibility of cage rearing of fry to fingerling in large reservoirs.

THE NORTHERN mid-highland region of Viet Nam
has 1705 reservoirs with an acreage of 65 629 ha,
representing 69% and 36% of the total number and
acreage, respectively in Viet Nam. The development
of reservoir fisheries in mountain areas is also
expected to generate new avenues of employment
and provide an additional source of income to dis-
placed persons who have lost their livelihood due to
impoundment of larger reservoir (ACIAR 1997). 

In the north of Vietnam, culture-based fisheries and
small-scale aquaculture are often constrained by the
lack of suitably sized seed stock. Although there is a
large quantity of fry of cultured species, in particular
carp species produced in north Vietnam, fingerling
production has lagged behind due to economic and
land constraints. Consequently, most aquaculture and
culture-based fishery activities are dependent on fry
for stocking purposes, resulting in higher losses
during transportation and during culture. 

The advantages of cage rearing are well known.
Cage rearing uses utilise existing water bodies, are
easy to harvest and enable fish to use the natural
productivity of water bodies, such as reservoirs
(Phuong 1998).

However, the nursing of fry to fingerling stage in
large reservoirs has not been carried out before in the
mid-highlands of Northern Vietnam. Therefore, this
study was conducted between 1997–1999 with the
following objectives:
• to assess the environmental effects of nursing fry

in cages;
• to determine a suitable type of feed, type of cage

and stocking density; and
• to evaluate the economic feasibility of rearing fry

to the fingerling stage in cages.

Materials and Methods
The experiments were conducted in Thac ba reser-
voir, and Nui coc reservoirs in Yen Bai Thai Nguyen
provinces, respectively, in the mid-highland region
of Northern Vietnam, between July 1997 and
November 1999. 

Experimental design 
In 1997 two types of cages were used: bamboo and
net cages. All cages were 2 × 2 × 1.5 m and were
anchored in a water depth of 3 m in each of the
reservoirs. The experiments were designed to test the
following: effectiveness of bamboo and net cages,
the optimum stocking density for each of the
cultured species (three densities were tested for each
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species) and commercial feed versus locally prepared
feed. In all instances, the treatments were tested in
triplicate and a randomised block design was used
(Biradar 1986). Details of the experiments conducted
are summarised in Table 1. 

The experiments were based on three carp species,
the choice being based on the importance of each of
these in aquaculture and culture-based fisheries in the
region. The three species used were, common carp (a
hybrid variety) Cyprinus carpio, grass carp, Cteno-
pharyngodon idella, and mrigal, Cirrhinus mrigal. 

In the course of each of the experiments, growth
was monitored by sub-sampling (at least 30 fish from
each treatment) fortnightly. At the end of the experi-
ment, the number and the bulk weight of the fish
were determined, and the mean was estimated by
weighing a sub-sample. Feed were provided in
plastic trays, morning and afternoon, approximating
10% of the biomass per day in each cage initially and
reduced to about 3% gradually. Feed was in the form
of crumbles and the ingredient composition of the
local feeds used is given in Table 2.

Note SD- stocking density; FT1-commercial feed; FT2-local material feed (cassava, rice bran, CTB- Bamboo cages; CTN —
cage type net; CTB — cage type bamboo

% Proximate compositions (P — protein, TL — total lipid, A — ash) on a dry matter basis:
FT1; 35% P; 14% L; 12$ A
FT2; 23% P; 11%L; 9% A
FT3; 17% P; 8% L; 18% A

Table 1. The duration, location and experimental design of fry to fingerling rearing cage trials conducted in Thac Ba and
Nui coc reservoirs in mid-highland region, Northern Vietnam.

Period Species Treatments Stocking densities (fry/m2)
Thac ba  Nui coc

July–October, 1997 Hybrid common carp SD1-FT1-CTB
SD1-FT1-CTN
SD2-FT2-CTB
SD2-FT2-CTN

SD1- 1250 
SD2- 2500

May–August, 1998 Hybrid common carp SD1-FT1-CTB
SD1-FT1-CTN
SD1-FT2-CTN
SD2-FT1-CTN
SD2-FT2-CTN
SD3-FT1-CTN

SD1- 4200

SD2- 6300

SD3- 8400

SD1- 3280

SD2- 4420
 
SD3- 6160

September–November, 1998 Grass carp SD1-FT1-CTB
SD1-FT1-CTN
SD1-FT2-CTN
SD2-FT1-CTN
SD2-FT2-CTN
SD3-FT1-CTN

SD1- 3000

SD2- 4500

SD3- 6000

SD1- 12000

SD2- 18000
 
SD3- 24000

May–August, 1999 Hybrid common carp SD1-FT1-CTB
SD1-FT1-CTN
SD1-FT2-CTN
SD2-FT1-CTN
SD2-FT2-CTN
SD3-FT1-CTN

SD1- 5714

SD2- 8571

SD3- 11429

SD1- 7768

SD2- 11652
 
SD3- 15536

September–November, 1999 Mrigal SD1-FT1-CTB
SD1-FT1-CTN
SD1-FT2-CTN
SD2-FT1-CTN
SD2-FT2-CTN
SD3-FT1-CTN

SD1- 6214

SD2- 9321

SD3- 12429

SD1- 6429

SD2- 9643

 SD3- 12857

Table 2. The ingredient composition (by percent weight) of the locally made feed used in the trials.

Feed Fish 
meal

Soybean 
meal

Peanut 
cake

Maize Rice
bran

Cassava Duck 
weed

Notes

FT1 30 10 10 30 16 3 — Used in all trials
FT2 10 10 15 — — 65 — Fermented by Saccharomyces
FT3 10 5 5 — 5 15 60 For grass carp and mrigal
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Limnological studies

Regular water quality monitoring was carried out
through out the experiment. In each instance, 11 sites
were sampled in each reservoir, the sites being 0, 4,
8, 12, 16 and 20 m on two lines perpendicular to
each other from the centre of the cages. At each site,
sampling was carried out at the surface and at 1 m
depth.

The water quality parameters studied were tem-
perature, DO, pH, conductivity (all using a YSI
model 610D probe) and total nitrate and total phos-
phate concentration (APHA 1995).

Data analysis

One-way ANOVA was used to determine treatment
difference between stocking densities, feed types and
types of cage. Two-way ANOVA was used to com-
pare between stocking densities, feed types. Treat-
ment means for final mean weight, survival rate and
average daily growth (% ADG) were compared. 

Economic analysis

Net income analysis was used to assess the financial
effectiveness of fry to fingerling rearing in cages in
large reservoirs, from the equation:

Table 3. Water quality parameters (mean ±SEM) in the center of the cages and the 20 m from the center during the period
of 1997–1999, in the two reservoirs. NA — data not available.

Year/parameter Thac ba reservoir Nui coc reservoir

Trial 1
Center 20 m

Trial 2
Center 20 m

Trial 1
Center 20 m

Trial 2
Center 20 m

1997
Temperature (°C) NA NA 29.0

±0.75
29.0

±0.75
NA NA NA NA

DO (mg/L) NA NA 6.75
±0.01

6.75
±0.01

NA NA NA NA

1998
Temperature 
(°C)

34.1
±0.70

34.3
±1.40

30.5
±1.53

29.8
±1.49

30.1
±0.85

30.0
±1.5

27.6
±0.70

27.5
±0.81

DO 
(mg/L)

7.67
±0.12

7.50
±0.07

7.04
±0.28

7.17
±0.20

6.40
±0.30

6.37
±0.28

6.90
±0.10

6.88
±0.15

pH 8.1
±0.80

8.2
±0.74

8.1
±1.0

8.1
±0.8

NA NA NA NA

Conductivity 
(µ mho/cm)

2.10
±0.50

2.15
±0.48

3.86
±0.57

4.0
±0.50

NA NA NA NA

Phosphorous 
(mg/L)

0.05
±0.00

0.03
±0.01

0.04
±0.01

0.02
±0.01

1.03
±0.02

1.00
±0.01

0.85
±0.01

0.80
±0.01

Nitrate
(mg/L)

0.20
±0.01

0.15
±0.01

0.32
+0.02

0.234
±0.01

0.43
±0.02

0.40
±0.02

0.54
±0.02

0.50
±0.02

Chlorophyll-a
(mg/L)

11.03
±0.80

12.16
±1.00

24.16
±1.40

27.05
±1.00

3.38
±0.76

3.50
±0.52

8.42
±0.52

8.53
±0.40

1999
Temperature 
(°C)

33.2
±1.10

33.0
±1.00

31.0
±1.20

31.0
±1.00

31.5
±0.50

31.0
±0.46

24.9
±0.61

25.0
±0.24

DO 
(mg/L)

7.74
±0.23

7.70
±0.10

6.94
±0.15

6.72
±0.10

6.60
±0.17

7.20
±0.08

7.20
±0.08

7.10
±0.10

pH 8.4
±0.5

8.4
±0.6

8.3
±0.5

8.3
±0.5

NA NA NA NA

Conductivity 
(µ mho/cm)

1.47
±0.51

1.15
±0.42

2.68
±0.64

2.26
±0.42

NA NA NA NA

Phosphorous 
(mgL)

0.07
±0.00

0.05
±0.01

0.05
±0.01

0.04
±0.01

0.06
±0.01

0.05
±0.01

0.04
±0.01

0.04
±0.01

Nitrate 
(mg/L)

0.16
±0.02

0.12
±0.02

0.25
±0.01

0.20
±0.03

0.20
±0.20

0.07
±0.02

0.34
±0.02

0.30
±0.02

Chlorophyll-a
(mg/L)

13.26
±0.96

14.05
±0.67

21.38
±0.89

21.40
±1.20

6.71
±0.75

7.05
±0.67

9.36
±0.50

14.00
?0.41
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Gross margin = Gross Output – 
(Total Fixed Cost + Total Variable Cost)

The total variable cost included seed cost, feed
cost, and labour cost and cage maintenance. The total
fixed cost included cage costs and depreciation of
cages was taken into account as the experiment pro-
gressed. Depreciation was calculated using the
declining balance method (Curtis 1993) and the con-
stant percentage value used for each year of the
item’s life was 10%. 

Results

Water quality 

Data on water quality and environmental factors are
presented in Table 3. The limnological data were in a
suitable range for fish to grow. Water temperature was
a little bit high in summer, but stable and better than
that in autumn. Water temperature did not fluctuate

too much. The concentrations of dissolved oxygen
were in a favourable range to culture fish, e.g. Thac
ba reservoir ranged from 7.04 to 7.67 mg/L; Nui coc
reservoir ranged from 6.40 to 6.90 mg/L. 

Fry to fingerling rearing

The mean initial weight, mean final weight, percent
average daily growth [% ADG= 100 (mean final
weight − mean initial weight ÷ mean initial weight ×
time in days)] and percent survival in each of the
trials conducted in Thac ba and Nui coc reservoirs
are given in Tables 4 and 5, and Figures 1 and 2,
respectively. The results indicate that there was no
significant difference between bamboo and net
cages, when growth was considered but survival was
better in net cages than in bamboo cages. 

Fry performance, in all three species, was related
to stocking density. There were no significant differ-
ence (P > 0.05) and interaction between stocking

Figure 1. The mean survival rate, mean weight and % ADG (±SE) of different species of fry reared in cages, at different
stocking densities and feeding regimes, in Thac ba reservoir. SD- stocking density, B- & N refer to bamboo and net cages,
respectively. The different treatments correspond to those given in Table 1.
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densities and feed types on survival rate, % ADG,
and final mean weight. There was also no difference
between two types of feed, and indeed grass carp fry
appeared to do well on the locally-prepared feed.
Fish grew equally well on the locally made feed. Of
the three species tested, hybrid common carp grew
best, and had the best survival.

Economic analysis of rearing experiments

The economic viability of fry to fingerling rearing in
both reservoirs was assessed after harvesting. Cost
and return of the experiments are presented in Tables
5 and 6 for the two sets of experiments, in the two
reservoirs. The results are also summarised in Figures
3 and 4. It is seen that the fry rearing of hybrid
common carp was the most economically efficient. It
had high growth and production and a high market
value (60 000 VND/kg to 75 000 VND/kg of finger-
ling). Grass carp and mrigal did not yield high

economic returns. However, trials conducted in Nui
coc reservoir showed a negative economic benefit.

Discussion

The water quality parameters monitored appeared to
be conducive to cage culture. Also, culture activities
appeared to have little impact on the water quality in
the immediate vicinity (20 m from the centre of the
cages). However, it was apparent that the total nitrate
and total phosphorus contents were relatively low,
compared to those in most tropical and sub-tropical
reservoirs (for example, Schiemer and Silva et al.
these Proceedings). Similarly, the chlorophyll-a was
also low, ranging from 13.26 to 21.38 mg/m3

through the year. The low productivity of the two
reservoirs may be indicative of the fact that cage
culture practices in the reservoirs will be successful
only if the fish were to be provided with a supple-
mental feed. 

Figure 2. The mean survival rate, mean weight and % ADG (±SE) of different species of fry reared in cages, at different
stocking densities and feeding regimes, in Nui coc reservoir. SD- stocking density, B- & N refer to bamboo and net cages,
respectively. The different treatments correspond to those given in Table 1.
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Figure 3. A summary of the results of the financial analysis of fry to fingerling rearing in in cages in Thac ba reservoir.

(NA: data not available)

Table 4. Mean initial weight, mean final weight, % ADG and percentage survival rate of fish species in fry to fingerling
rearing trials in Thac ba reservoir. Where appropriate ± SE are also given.

Rearing cycle Treatment Weight (g)
Initial

Final % ADG Survival
(%)

1997
Hybrid common carp SD1-FT1-CTB

SD1-FT1-CTN
SD2-FT2-CTB
SD2-FT2-CTN

2.39 ± 0.25
2.39 ± 0.25
2.39 ± 0.25
2.39 ± 0.25

7.81 ± 0.55
8.16 ± 0.36
7.78 ± 0.19
9.31 ± 0.70

5.04 ± 0.51
5.36 ± 0.34
5.01 ± 0.18
6.43 ± 0.63

70.88a ± 0.80
67.52a ± 1.04
73.76a ± 2.06
92.32a ± 1.50

1998
Hybrid common carp SD1-FT1-CTB

SD1-FT1-CTN
SD1-FT2-CTN
SD2-FT1-CTN
SD2-FT2-CTN
SD3-FT1-CTN

1.23 ± 0.18
1.23 ± 0.18
1.23 ± 0.18
1.23 ± 0.18
1.23 ± 0.18
1.23 ± 0.18

6.49 ± 0.45
5.29 ± 0.17
5.75 ± 0.28
4.90 ± 0.44
5.37 ± 0.10
5.34 ± 0.43

9.50 ± 0.82
7.35 ± 0.31
8.16 ± 0.51
6.63 ± 0.79
7.48 ± 0.18
7.42 ± 0.79

41.33x ± 14.70
59.14x ± 05.27
49.50b ± 03.53
38.23y ± 05.58
42.35b ± 03.17
32.81z ± 10.97

2. Grass carp SD1-FT1-CTB
SD1-FT1-CTN
SD1-FT2-CTN
SD2-FT1-CTN
SD2-FT2-CTN
SD3-FT1-CTN

NA
3.33 ± 0.29
3.33 ± 0.29
3.33 ± 0.29
3.33 ± 0.29
3.33 ± 0.29

NA
6.60 ± 0.60
6.45 ± 0.16
7.12 ± 0.26
6.04 ± 0.27
6.68 ± 0.17

NA
2.18 ± 0.39
2.08 ± 0.11
2.53 ± 0.18
1.81 ± 0.18
2.23 ± 0.11

NA
35.70x ± 12.70
44.08b ± 18.73
20.22y ± 05.05
27.22b ± 03.78
27.48z ± 03.28

1999
Hybrid common carp SD1-FT1-CTB

SD1-FT1-CTN
SD1-FT2-CTN
SD2-FT1-CTN
SD2-FT2-CTN
SD3-FT1-CTN

NA
1.25 ± 0.09
1.25 ± 0.09
1.25 ± 0.09
1.25 ± 0.09
1.25 ± 0.09

NA
4.95 ± 0.65
4.47 ± 0.37
4.02 ± 0.44
4.40 ± 0.36
4.61 ± 0.14

NA
4.93 ± 0.87
4.29 ± 0.49
3.69 ± 0.59
4.20 ± 0.48
4.48 ± 0.18

NA
76.50x ± 6.31
68.02b ± 6.00
75.45y ± 6.30
70.93b ± 3.05
65.80z ± 6.57

Grass carp SD1-FT1-CTB
SD1-FT1-CTN
SD1-FT2-CTN
SD2-FT1-CTN
SD2-FT2-CTN
SD3-FT1-CTN

NA
1.11 ± 0.08
1.11 ± 0.08
1.11 ± 0.08
1.11 ± 0.08
1.11 ± 0.08

NA
2.07 ± 0.17
2.25 ± 0.17
2.24 ± 0.22
2.33 ± 0.30
2.00 ± 0.16

NA
1.44 ± 0.26
1.70 ± 0.26
1.69 ± 0.33
1.83 ± 0.44
1.33 ± 0.23

NA
81.88 ± 2.51
70.70 ± 6.12
78.41± 2.80
77.18 ± 5.00
75.06 ± 2.54

Gross output Inputs Net income

experiment 1 experiment 2 experiment 3 experiment 4 experiment 5

1 600 000

1 400 000

1 200 000

1 000 000

800 000

600 000

400 000

200 000

0

–200 000

–400 000

VND/m3
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Figure 4. A summary of the results of the financial analysis of fry to fingerling rearing in in cages in Nui coc reservoir.

(NA: data not available)

Table 5. Mean initial weight, mean final weight, % ADG and percentage survival rate of fish species in fry to fingerling
rearing trials in Nui coc reservoir. Where appropriate ± SE are also given.

Rearing cycle Treatment Weight (g)
Initial

Final %ADG Survival
(%)

1998
Hybrid common carp SD1-FT1-CTB

SD1-FT1-CTN
SD1-FT2-CTN
SD2-FT1-CTN
SD2-FT2-CTN
SD3-FT1-CTN

1.82 ± 0.12
1.82 ± 0.12
1.82 ± 0.12
1.82 ± 0.12
1.82 ± 0.12
1.82 ± 0.12

5.60 ± 0.45
5.95 ± 0.59
5.44 ± 0.44
5.68 ± 0.49
5.39 ± 0.32
5.08 ± 0.31

4.61 ± 0.54
5.04 ± 0.72
4.41 ± 0.54
4.71 ± 0.60
4.35 ± 0.39
3.98 ± 0.38

36.97 ± 3.80
51.26 ± 4.96
49.73 ± 8.85
36.06 ± 3.91
30.12 ± 3.37
22.22 ± 1.23

Grass carp SD1-FT1-CTB
SD1-FT1-CTN
SD1-FT2-CTN
SD2-FT1-CTN
SD2-FT2-CTN
SD3-FT1-CTN

0.76 ± 0.04
0.76 ± 0.04
0.76 ± 0.04
0.76 ± 0.04
0.76 ± 0.04
0.76 ± 0.04

2.00 ± 0.28
1.96 ± 0.30
2.81 ± 0.58
1.89 ± 0.19
1.86 ± 0.50
1.70 ± 0.12

3.61 ± 0.83
3.50 ± 008
5.98 ± 1.70
3.29 ± 0.56
3.22 ± 1.46
2.76 ± 0.35

14.23 ± 0.76
5.55 ± 2.89

15.76 ± 6.12
11.09 ± 2.14
6.53 ± 2.51

11.12 ± 1.14

1999
Hybrid common carp SD1-FT1-CTB

SD1-FT1-CTN
SD1-FT2-CTN
SD2-FT1-CTN
SD2-FT2-CTN
SD3-FT1-CTN

NA
1.45 ± 0.06
1.45 ± 0.06
1.45 ± 0.06
1.45 ± 0.06
1.45 ± 0.06

NA
2.37 ± 0.17
2.55 ± 0.17
2.54 ± 0.22
2.62 ± 0.29
2.30 ± 0.16

NA
1.77 ± 0.25
2.02 ± 0.25
2.02 ± 0.32
2.15 ± 0.42
1.67 ± 0.22

NA
79.98 ± 4.49
66.59 ± 8.83
69.26 ± 11.42
73.85 ± 9.10
49.68 ± 7.42

Grass carp SD1-FT1-CTB
SD1-FT1-CTN
SD1-FT2-CTN
SD2-FT1-CTN
SD2-FT2-CTN
SD3-FT1-CTN

NA
1.15 ± 0.03
1.15 ± 0.03
1.15 ± 0.03
1.15 ± 0.03
1.15 ± 0.03

NA
4.24 ± 0.35
4.38 ± 0.22
4.16 ± 0.20
4.79 ± 0.43
4.93 ± 0.22

NA
4.48 ± 0.51
4.68 ± 0.32
4.36 ± 0.29
5.28 ± 0.62
5.47 ± 0.31

NA
67.96 ± 2.69
61.45 ± 3.52
57.79 ± 0.64
65.67 ± 1.84
53.47 ± 2.07

Gross output Inputs Net income

experiment 1 experiment 2 experiment 3 experiment 4

2 000 000

1 500 000

1 000 000

500 000

0

–500 000

–1 000 000

VND/m3
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Table 6a. The total weight of fingerlings harvested (Wt), price per kg (VND/kg), total income (in VND) for 
each treatment, and an economic analysis of fry to fingerling rearing trials in Thac ba reservoir.

Financial analysis for the experiment 1

Items Treatment 1 Treatment 2 Treatment 3 Treatment 4

Wt. 
(kg)

VND/
kg

VND Wt.
(kg)

VND/
kg

VND Wt.
(kg)

VND/
kg

VND Wt.
(kg)

VND/
kg

VND

Gross output 36 2 500 90 377 34 2 500 86 097 75 2 500 188 098 94 2 500 235 428
Total fixed cost 10 417 10 417 10 417 10 417
Depreciation 10 417 10 417 10 417 10 417
Total variable cost 75 234 75 234 150 370 150 423
Maintenance
Feeding 65 192 12 387 65 192 12 387 131 192 25 023 131 192 2 5066
Seedling 15 4 167 62 500 15 4 167 62 500 30 4 167 125 000 30 4 167 125 010
Labour (VND/day) 347 347 347 347
Net Income 4 726 446 27 312 74 588

Financial analysis for experiment 2

Items Treatment 1 Treatment 2 Treatment 3 Treatment 4 Treatment 5 Treatment 6

Wt.
(kg)

VND/
kg

VND Wt.
(kg)

VND/
kg

VND Wt.
(kg)

VND/
kg

VND Wt.
(kg)

VND/
kg

VND Wt.
(kg)

VND/
kg

VND Wt.
(kg)

VND/
kg

VND

Gross output 61 3 750 228 128 52 3750 196 035 48 3 750 181 165 48 3 750 179 098 57 3 750 214 078 80 3 750 299 466
Total fixed cost 20 313 20 313 20 313 20 313 20 313 20 313
Depreciation 18 750 18 750 18 750 18 750 18 750 18 750
Total variable cost 114 134 114 134 110 477 168 786 163 504 223 540
Maintenance 1 563 1 563 1 563 1 563 1 563 1 563
Feeding 84 313 26 124 84 313 26 124 84 269 22 467 121 313 37 726 121 269 32 444 158 313 49 430
Seedling 14 250 86 100 14 6250 86 100 14 6 250 86 100 21 6 250 129 150 21 6 250 129 150 28 6 250 172 200
Labour (VND/day) 347 347 347 347 347 347
Net Income 95 244 63 151 51 938 –8 438 31 824 57 176
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Items Treatment 2 Treatment 3 Treatment 4 Treatment 5 Treatment 6

Wt.
(kg)

VND/
kg

VND Wt.
(kg)

VND/
kg

VND Wt.
(kg)

VND/
kg

VND Wt.
(kg)

VND/
kg

VND Wt.
(kg)

VND/
kg

VND

Gross output 60.08 1 875 112 657 64.05 1 875 120 098 62.41 30 000 117 019 47.75 30 000 89 528 64.71 30 000 121 330
Total fixed cost 18 438 18 438 18 438 18 438 18 438
Depreciation 16 875 16 875 16 875 16 875 16 875
Total variable cost 116 732 100 555 172 910 148 966 230 437
Maintenance 1 563 1 563 1 563 1 563 1 563
Feeding 199 313 62 217 199 231 46 041 295 313 92 092 295 231 68 148 395 313 123 317
Seedling 20.04 2 625 52 605 20 2 625 52 605 30.06 2 625 78 908 30.06 2 625 78 908 40 2 625 105 210
Labour (VND/day) 347 347 347 347 347
Net Income –22 825 792 –74 641 –78 188 –127 857

Items Treatment 2 Treatment 3 Treatment 4 Treatment 5 Treatment 6

Wt.
(kg)

VND/
kg

VND Wt.
(kg)

VND/
kg

VND Wt.
(kg)

VND/
kg

VND Wt.
(kg)

VND/
kg

VND Wt.
(kg)

VND/
kg

VND

Gross output 62 3 750 231 769 55 3 750 206 020 91 3 750 342 790 86 3 750 322 262 106 3 750 398 659
Total fixed cost 16 750 16 750 16 750 16 750 16 750
Depreciation 15 188 15 188 15 188 15 188 15 188
Total variable cost 213 875 209 425 316 602 310 835 426 357
Maintenance 1 563 1 563 1 563 1 563 1 563
Feeding 94 356 33 402 94 313 29 300 133 356 47 196 133 313 41 429 190 356 67 638
Seedling 29 6 250 178 563 29 6 250 178 563 43 6 250 267 844 43 6 250 267 844 57 6 250 357 156
Labour (VND/day) 347 347 347 347 347
Net Income 1 019 –20 280 9 313 –5 448 –44 573

Financial analysis for the experiment 5

Items Treatment 2 Treatment 3 Treatment 4 Treatment 5 Treatment 6

Wt.
(kg)

VND/
kg

VND Wt.
(kg)

VND/
kg

VND Wt.
(kg)

VND/
kg

VND Wt.
(kg)

VND/
kg

VND Wt.
(kg)

VND/
kg

VND

Gross output 44 625 27 779 38 625 23 985 64 625 39 905 63 625 39 277 81 625 50 929
Total fixed cost 15 231 15 231 15 231 15 231 15 231
Depreciation 13 669 13 669 13 669 13 669 13 669
Total variable cost 68 556 65 289 99 782 95 618 134 156
Maintenance 1 563 1 563 1 563 1 563 1 563
Feeding 67 356 23 769 67 313 20 850 95 356 33 904 95 313 29 741 131 356 46 833
Seedling 29 1 500 42 877 29 1 500 42 877 43 1 500 64 315 43 1 500 64 315 57 1 500 85 760
Labour (VND/day) 347 347 347 347 347
Net Income –54 446 –55 320 –73 893 –70 357 –97 243
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Table 6b. The total weight of fingerlings harvested (Wt), price per kg (VND/kg), total income (in VND) for each treatment, and an economic analysis of fry to fingerling
rearing trials in Nui coc reservoir.

Financial analysis for experiment 1

Items Treatment 1 Treatment 2 Treatment 3 Treatment 4 Treatment 5 Treatment 6

Wt. 
(kg)

VND/
kg

VND Wt.
(kg)

VND/
kg

VND Wt.
(kg)

VND/
kg

VND Wt.
(kg)

VND/
kg

VND Wt.
(kg)

VND/
kg

VND Wt.
(kg)

VND/
kg

VND

Gross output 27 3 750 101 250 38 3 750 142 500 37 3 750 138 750 36 3 750 135 000 30 3 750 112 500 31 3 750 116 250
Total fixed cost 6 250 6 250 6 250 6 250 6 250 6 250
Depreciation 6 250 6 250 6 250 6 250 6 250 6 250
Total variable cost 96 563 6 035 93 544 8 008 124 188 10 820
Maintenance 0 0 0 0 0 0
Feeding 69 313 21 563 69 313 1 348 69 269 18 544 90 313 1 758 90 269 24 188 114 313 2 227
Seedling 12 6 250 75 000 12 6 250 4 688 12 6 250 75 000 16 6 250 6 250 16 6 250 100 000 22 6 250 8 594
Labour (VND/day) 313 313 313 313 313 313
Net Income –18 75 129 902 38 644 120 430 –18 250 98 867

Financial analysis for the experiment 2

Items Treatment 2 Treatment 3 Treatment 4 Treatment 5 Treatment 6

Wt.
(kg)

VND/
kg

VND Wt.
(kg)

VND/
kg

VND Wt.
(kg)

VND/
kg

VND Wt.
(kg)

VND/
kg

VND Wt.
(kg)

VND/
kg

VND

Gross output 9 30 000 16 875 26 30 000 48 750 28 30 000 52 500 16 30 000 30 000 37 30 000 69 375
Total fixed cost 6 250 6 250 6 250 6 250 6 250
Depreciation 6 250 6 250 6 250 6 250 6 250
Total variable cost 99 792 83 616 148 455 124 511 198 467
Maintenance 0 0 0 0 0
Feeding 199 5 000 62 217 199 3 700 46 041 295 5 000 92 092 295 3 700 68 148 395 5 000 123 317
Seedling 20 30 000 37 575 20 30 000 37 575 30 30 000 56 363 30 30 000 56 363 40 30 000 75 150
Labour (VND/day) 347 347 347 347 347
Net Income –89 514 –41 463 –102 552 –101 108 –135 690
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Items Treatment 2 Treatment 3 Treatment 4 Treatment 5 Treatment 6

Wt.
(kg)

VND/kg VND Wt.
(kg)

VND/
kg

VND Wt.
(kg)

VND/
kg

VND Wt.
(kg)

VND/kg VND Wt.
(kg)

VND/kg VND

Gross output 56 60 000 210 000 50 60 000 187 500 71 60 000 266 250 81 60 000 303 750 88 60 000 330 000
Total fixed cost 16 042 16 042 16 042 16 042 16 042
Depreciation 5 625 5 625 5 625 5 625 5 625
Total variable cost 263 475 258 750 395 925 388 750 519 631
Maintenance 10 417 10 417 10 417 10 417 10 417
Feeding 108 5 700 38 475 108 5 000 33 750 164 5 700 58 425 164 5 000 51 250 213 5 700 75 881
Seedling 36 100 000 225 000 36 100 000 225 000 54 100 000 337 500 54 100 000 337 500 71 100 000 443 750
Labour (VND/day) 313 313 313 313 313
Net Income –69 829 –87 604 –146 029 –101 354 –205 985

Items Treatment 2 Treatment 3 Treatment 4 Treatment 5 Treatment 6

Wt.
(kg)

VND/kg VND Wt.
(kg)

VND/
kg

VND Wt.
(kg)

VND/
kg

VND Wt.
(kg)

VND/kg VND Wt.
(kg)

VND/kg VND

Gross output 45 10 000 28 125 37 10 000 23 125 58 10 000 36 250 62 10 000 38 750 55 10 000 34 375
Total fixed cost 16 042 16 042 16 042 16 042 16 042
Depreciation 5 625 5 625 5 625 5 625 5 625
Total variable cost 67 582 64 663 98 717 94 553 132 646
Maintenance 10 417 10 417 10 417 10 417 10 417
Feeding 67 5 700 23 769 67 5 000 20 850 95 5 700 33 904 95 5 000 297 41 131 5 700 46 833
Seedling 29 24 000 43 500 29 24 000 43 500 43 24 000 64 500 43 24 000 64 500 57 24 000 85 500
Labour (VND/day) 313 313 313 313 313
Net Income –55 811 –57 892 –78 821 –72 157 –114 625
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It is common for small-scale fish farmers to use
bamboo cages, primarily because of its ready avail-
ability in Vietnam. However, the present study has
shown that bamboo cages were inferior to net cages;
fry survival and growth were higher in net cages.
Furthermore, net cages were easier to assemble and
also facilitated harvesting. The better performance of
fry in net cages may be due to a higher rate of water
exchange with net cages, and also reduced damage to
stock caused by the rigid structure of the bamboo
cages. 

The present trials indicate that the optimal
stocking density for fry to fingerling rearing is from
about 3000 to 4000 fry/m3. Apart from common
carp, the size dispersion at the end of the rearing
period was narrow, and as such, minimised any
potential cannibalism.

The economic effectiveness of mrigal and grass
carp was very low because of low selling prices and
high inputs. Local feed is an advantage for rearing
fish in cages. The farmers can gain more from cage
culture by reusing farm by-products, local feed types.
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Performance of Cage-reared Fingerlings of Commonly 
Cultured Fish Species in Response to Different Feeds

M.H.S. Ariyaratne*

Abstract

Fingerling-rearing in net cages in perennial reservoirs of Sri Lanka is a recent development
introduced by the government. It includes the involvement of reservoir fishing communities. Rice
bran and locally formulated fish feed were used as feed in the culture practices. The potential of
using small cyprinids, abundant in reservoirs of Sri Lanka, was also evaluated in this strategy.

Twenty-four net cages (2 × 4 × 2.5 (20 m3) were installed in three Sri Lankan reservoirs,
Chandrikawewa, Kiriibbanwewa and Muthukandiyawewa, and were stocked with fry of one of
five cyprinid species, i.e. Cyprinus carpio, Catla catla, Labeo rohita, L. dussumieri, Hypophthal-
michthys molitrix and one cichlid species, Oreochromis niloticus. The trials were conducted to rear
fry up to advanced fry (rearing period 21–45 days) and fry to fingerling (rearing period: 70–80
days). Members of fisheries cooperative societies were trained to operate this aquaculture system.
Three feed types were used. Rice bran (RB), a commercial fish feed (Cf) and farmer-made aqua-
feed (Mf) were compared with a treatment in which feed was not presented. The main ingredients
used for preparing Mf were locally available RB, fishmeal (prepared from cyprinids in reservoirs)
and cooked cassava tubers.

Of the six species cultured, the lowest percentage survival occurred in C. catla in Chandri-
kawewa (<1%). In Muthukandiyawewa, where fishing communities are better experienced in cage-
culture, high survival was observed for L. rohita (37.1–55.1%), and C. carpio (36.6–78.5%). The
indigenous cyprinid L. dussumieri performed well in two reservoirs when survival as high as
95.1% in Kiriibbanwewa was recorded. Based on survival, L. dussumieri, L. rohita, C. carpio and
O. niloticus can therefore be considered as better candidates for cage aquaculture for fry to finger-
ling rearing than C. catla and H. molitrix. Percentage average daily growth (%ADG) was always
lower in cages with high survival than in cages with low survival, perhaps due to the competition
for food. RB and Cf gave better survival rates in most trials. Proximate composition of Mf (dry
matter, 51–71%; moisture, 28–48%; ash, 5–12%; protein, 17–33% and fat 2–12%) which is com-
parable to Cf, can be used to reduce the cost of feeding.

ASIAN aquaculture is dominated by semi-intensive
culture systems. The most commonly used groups of
fish in semi-intensive aquaculture practices in Asian
countries are carp, milkfish and tilapias. According to
Anderson and De Silva (1997), the opportunity exists
for inclusion of agricultural by-products and wastes
in the feed for these species. However, requirement
of animal protein, at least to a lesser extent, cannot be
disregarded in preparing farmer-made aquafeed.
Minor cyprinid resources, found in large quantities in
reservoirs (Amarasinghe 1985; De Silva and Sirisena

1987; Amarasinghe 1990; Pet and Piet 1993), have
the potential to be used in feed preparation as an
animal protein source. Anderson and De Silva (1997)
emphasised the importance of feed formulation of
low-cost diets instead of nutritionally wholesome
diets for semi-intensive culture practices.

In Sri Lanka, an aquaculture development plan has
been implemented since 1995. Under the program, a
strategy to rear fish fry to fingerling size in floating
net cages has been introduced in several perennial
reservoirs. This aquaculture practice is carried out
through community participation. Fingerlings reared
in net cages are used for stocking seasonal reservoirs
and small village reservoirs. In Sri Lanka, there is a
paucity of fingerling availability for culture practices,

*National Aquatic Resources Research and Development
Agency, Crow Island, Colombo-15, Sri Lanka
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this being one of the reasons to encourage the use of
perennial reservoirs through cage-culture for finger-
ling production. However, there has been little work
done on the viability of such practices, and indeed the
overall feasibility of using cages for fingerling pro-
duction. This study was designed to investigate such
feasibility, through the use of different diets.

Specifically an attempt is made to compare the
performance of three different feed types in cage-
culture of fish fingerlings in three perennial reser-
voirs, and compare it with the performance of fry
that depend entirely on natural food supplies.

Materials and Methods

Three reservoirs (i.e. Chandrikawewa, Kiriibban-
wewa and Muthukandiyawewa) in the dry zone of Sri
Lanka were selected for the installation of the cages
(4 m × 2 m × 2.5 m). Eight floating cages were set up
in each reservoir using bamboo (Bambusa spinosa),
coir, kuralon and nylon ropes and plastic barrels, etc.
Cages were fabricated of HDPE (high density poly-
ethylene) webbing material with webbing thickness
0.5–1.5 mm and mesh size 4 mm knotless. 

Three feed types, RB (rice bran), Cf (formulated
commercial feed), Mf (farmer-made aquafeed — see
below for method of preparation) and Nf (without
supplementary feeding) were used in the trials. All
trials were carried out in duplicate. The cages were
stocked with the fry of one of the following: Cyprinus
carpio, Catla catla, Labeo rohita, L. dussumieri,
Hypophthalmichthys molitrix and Oreochromis nilo-
ticus. The trials were conducted as advance-fry
rearing and fingerling rearing. The rearing period was
21–45 days for advance-fry rearing cycles and 70–80
days for fry-to-fingerling rearing cycles. The cages in
Chandrikawewa were stocked with C. carpio at a
stocking density of 100/m3, and in Kiriibbanwewa
and Muthukandiyawewa at 200/m3. The stocking
density of C. catla in Chandrikawewa and Kiriibban-
wewa was 200 fry/m3. For advance fry rearing of L.
rohita in Muthukandiyawewa, stocking densities of
150 fry/m3 and 200 fry/m3 were used. L. dussumieri,
H. molitrix and O. niloticus were reared in Kiriibban-
wewa at stocking densities of 150, 200 and
150 fry/m3, respectively. Species used, stocking
densities and feeding regimes used in the three reser-
voirs are given in Table 1.

(RB — rice bran, Cf — commercial feed, Mf — farmer-made aquafeed, Nf — without supplementary feeding).
* Fingerlings released two days before harvesting due to a storm.
• Fry died due to thermal shock as proper fry releasing method not applied by fishers.
** These trials were to educate fishers in rearing practices, thus did not use four feed types.

Table 1. Species used, stocking densities and feeding regimes used in cage aquaculture in three reservoirs.

Culture procedure/ reservoir/culture trial Species used Stocking density (fry/m3) Feed type

Advance fry rearing
Chandrikawewa 

Trial-1 Cyprinus carpio 100 RB, Cf, Mf, Nf
Kiriibbanwewa

Trial-1** Cyprinus carpio 100 RB
Trial-2 Cyprinus carpio 100 RB, Cf, Mf, Nf
Trial-3 Labeo rohita 660 RB

Muthukandiya Trial-1 Cyprinus carpio 200 RB, Cf, Mf, Nf
Trial-2 Labeo rohita 200 RB, Cf, Mf, Nf

Fry-to-fingerling rearing
Chandrikawewa

Trial-1 Labeo rohita 660 RB
Trial-2** Cyprinus carpio 500 RB
Trial-3 Catla catla 200 RB, Cf, Mf ,Nf
Trial-4 Labeo dussumeiri 150 RB, Cf, Mf, Nf
Trial-5* Hypopthalmichthys molitrix 100 RB, Cf, Mf, Nf
Trial-6• Labeo rohita 200 RB, Cf, Mf, Nf
Trial-7 Labeo dussumeiri 400 RB, Cf, Mf, Nf

Kiriibbanwewa
Trial-1** Cyprinus carpio 100 RB
Trial-2 Catla catla 200 RB, Cf, Mf, Nf
Trial-3 Hypophtalmichthys molitrix 100 RB, Cf, Mf, Nf
Trial-4 Labeo dussumieri 150 RB, Cf, Mf, Nf
Trial-5 Oreochromis niloticus 150 RB, Cf, Mf, Nf
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Feeding trays were used to feed fish fry. The feed
was supplied at 10% of body weight in two equal
portions in the morning (0830 hr) and in the evening
(1630 hr). However, the amount of feed given was
changed slightly, depending on the amount utilised
by the fish. 

Cages were cleaned using coir brushes once in
five days, to remove debris attached to the walls.
Temperature (˚C), dissolved oxygen concentration
(DO in mg/L), biological oxygen demand (BOD in
mg/L), chlorophyll-a (Chl-a in mg/L) and pH were
measured fortnightly inside the cages. Secchi disc
depths (in cm) in reservoirs were also measured out-
side the cages. These measurements were made
mainly to investigate the effect of different feeding
regimes on the water quality of reservoirs. Construc-
tion and installation of cages and the feeding and
cleaning of cages were done regularly by members
of the fisheries cooperative societies.

Preparation of farmer-made aquafeed

Small indigenous fish species available in individual
reservoirs, and not presently exploited by the
commercial fishery were caught using small mesh
(18–38 mm) gill-nets, drag-nets or fyke net. Species
caught were Amblypharyngodon melettinus, Esomus

danrica thermoicos and Puntius filamentosus
(mostly juvenile), Rasbora daniconius, Danio mala-
baricus, Glossogobius giuris, Hyporhamphus gaim-
ardi and Attyid shrimps. Small cyprinids formed a
major portion of the catch.

The harvested small indigenous fishes were mixed
with a small amount of powdered salt, and spread on
thin metal sheets and sundried for three days. This
dried fish were wrapped in paper and hung under a
fireplace for further drying for 5–7 days, and
powdered using mortar and pestle. 

To prepare the aquafeed, powdered dried fish was
used as the major protein source. The other ingredients
used were RB and cooked cassava tubers as a binding
agent. The required amounts of RB and fishmeal were
mixed together and a dough prepared by mixing with
a small piece of cooked cassava tuber.

Results

Mean initial length and weight of fry, mean final
length and weight of advance fry after the culture
period in net cages, percentage average daily growth
(%ADG) and percentage survival of different
species in the three reservoirs are given in Table 2.
Similar data from fingerling rearing cages are given
in Table 3.

NA — Data not available as fish escaped from cages. Where appropriate ±SD are also given.
The rearing cycle is as given in Table 1.

Table 2. Mean initial length (ML int.), Mean final length (ML final), Mean initial weight (ML int.), Mean final weight
(MW final) and percentage survival of cyprinids in the advanced fry rearing trials. 

Reservoir rearing cycle/fish spp. Feed used ML int ML final MW int MW final %ADG Survival (%)

Chandrikawewa
1. C. carpio RB 1.76±0.29 3.5±1.05 0.12±0.07 0.66±0.70 9.375 38.7

Cf 1.76±0.29 3.3±0.81 0.12±0.07 0.50±0.38 6.597 64.4
Mf 1.76±0.29 2.4±0.45 0.12±0.07 0.19±0.15 1.215 36.5
Nf 1.76±0.29 2.9±1.10 0.12±0.07 0.35±0.56 3.993 34.3

Kiriibbanwewa
1. C. carpio RB 1.53±0.18 3.84±0.63 0.05±0.01 1.01±0.64 16.08 36.6
2. C. carpio RB

Cf
1.68±0.09
1.68±0.09

3.36±1.02
3.37±0.8

0.15±0.07
0.15±0.07

0.74±0.86
0.63±0.56

8.9
7.26

38.0
48.5

Mf 1.68±0.09 6.02±0.67 0.15±0.07 3.89±1.54 56.47 9.7
Nf 1.68±0.09 0.15±0.07

3. L. rohita RB 2.11±0.23 2.52±0.43 0.13±0.21 0.17±0.41 0.285 91.94

Muthukandiyawewa
1. L. rohita RB 1.83±0.47 3.8±0.88 0.05±0.05 0.51±0.29 20.66 55.1

Cf 1.83±0.47 3.63±0.83 0.05±0.05 0.56±0.31 16.44 51.4
Mf 1.83±0.47 2.98±1.02 0.05±0.05 0.94±0.57 26.66 39.95
Nf 1.83±0.47 3.8±0.62 0.05±0.05 0.65±0.27 22.8 37.1

2. C. carpio RB 1.66±0.11 2.89±0.96 0.028±0.01 0.33±0.33 23.89 78.45
Cf 1.66±0.11 2.81±0.47 0.028±0.01 0.31±0.19 41.74 70.65
Mf 1.66±0.11 3.55±0.76 0.028±0.01 0.55±0.41 22.46 41.9
Nf 2.67±0.53 2.77±0.26 0.25±0.14 0.32±0.21 0.613 36.6
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Percentage survival and % ADG of C. carpio in
three reservoirs are shown in Figures 1a and 1b
respectively for advance fry rearing cages. Similar
data for C. catla cages in Kiriibbanwewa and Chan-
drikawewa are shown in Figures 2a and 2b. L. dus-
sumieri in the same reservoirs are shown in Figures
2c and 2d. Values for O. niloticus and H. molitrix in
Kiriibbanwewa are shown in Figures 2e and 2f,
respectively. Percentage survival and % ADG of C.
carpio, C. catla, H. molitrix and L. dussumieri in Mf
feeding regimes during five rearing cycles are shown
in Figure 3. 

Proximate compositions of farmer-made aqua-
feed, rice bran and commercial feed are given in
Table 4. Percentage protein in farmer made aquafeed
increased when fine powdered fishmeal was used to
prepare Mf (Table 5). Percentage protein levels in
Mf prepared using fine powdered fishmeal were sig-
nificantly higher than in Mf prepared using coarse
powdered fishmeal (t=1.943181; p<0.05).

Table 4. Proximate analysis (%) of commercial feed (Cf),
Rice bran (RB) and farmer-made aquafeed (Mf) in Chandri-
kawewa (C), Kiriibbanwewa (K) and Muthukandiyawewa
(M). The values with similar superscripts in any one
column are not significantly different (p>0.05; Sheffe’s
test).

Reservoir Feed Dry 
matter

Moisture Ash Protein Fat

C, K, M

C, K, M

K

C

M

Cf

RB

Mf

Mf

Mf

92.7A

±0.2
85.2A

±3.9
56.6B

±5.8
56.4B

±1.9
61.0B

±5.9

7.2C

±0.2
14.9D

±3.8

43.3E

±5.9
43.5E

±1.9
38.9E

±5.9

9.5F

±0.0
10.7G

±4.6

7.3H

±1.9
9.1K

±0.8
6.9K

±0.7

37.1L

±2.2
13.2M

±0.4

24.1N

±7.2
25.7N

±3.0
31.4N

±2.4

6.6P

±1.7
2.8R

±0.1

2.6S

±0.5
9.3T

±0.0
12.0U

±0.1

The rearing cycle is as given in Table 1. + These data were not considered as the fishers paid less attention to feeding.
NA — Data not available as fish escaped from cages. Where appropriate ±SD are also given.

Table 3. Mean initial length (ML int.), Mean final length (ML final), Mean initial weight (ML int.), Mean final weight
(MW final) and percentage survival of cyprinids in the fry-to-fingerling rearing trials. 

Reservoir rearing cycle/ fish spp. Feed used ML int. ML final MW int. MW final %ADG % survival

Chandrikawewa
1. L. rohita RB 1.94±0.53 3.5±0.70 0.17 ±0.06 1.79±0.27 2.83 63.1
2. C. carpio RB 1.26±.098 3.93±.2.7 0.034±.006 0.62±0.17 1.010 17.0
3. C. catla RB 1.89±0.13 7.35±2.51 0.07 ±0.16 2.19±3.08 71.48 <1.0

Cf 1.89±0.13 3.50±1.23 0.07 ±0.16 0.73±0.56 22.37 <1.0
Mf 1.89±0.13 4.08±1.23 0.07 ±0.16 0.64±0.48 19.15 <1.0
Nf 1.89±0.13 4.8 ±0.94 0.07 ±0.16 1.26±0.86 40.06 <1.0

4. L. dussumeiri RB 2.99±0.46 5.11±0.66 0.19 ±0.13 0.95±0.43 5.686 42
Cf 2.99±0.46 5.20±0.58 0.19 ±0.13 0.86±0.24 4.982 48
Mf 2.99±0.46 5.35±0.73 0.19 ±0.13 1.12±0.41 6.96 49
Nf 2.99±0.46 5.07±0.95 0.19 ±0.13 0.94±0.37 5.61 40

7. L. dussumeiri RB + + 0.05 ±0.01 + + <1.0
Cf + + 0.05 ±0.01 + + 1.5
Mf + + 0.05 ±0.01 + + 10.6
Nf + + 0.05 ±0.01 + + 13.8

Kiriibbanwewa
2. C. catla RB 1.89±0.13 4.41±1.02 0.07 ±0.01 1.17±1.22 33.2 23.25

Cf 1.89±0.13 3.48±1.32 0.07 ±0.01 0.64±0.87 17.13 46.5
Mf 1.89±0.13 3.30±1.31 0.07 ±0.01 0.55±0.79 14.49 25.25
Nf 1.89±0.13 4.03±1.42 0.0 7±0.01 0.98±1.15 27.34 25.0

3. H. molitrix RB 3.05±0.39 4.93±1.31 0.25 ±0.11 1.24±1.34 4.95 19.5
Cf 3.05±0.39 4.97±1.3 0.25 ±0.11 1.25±1.55 5.03 40.5
Mf 3.05±0.39 5.37±1.28 0.25 ±0.11 1.58±1.86 6.67 34.15
Nf 3.05±0.39 5.23±1.42 0.25 ±0.11 1.56±1.6 6.59 24.05

4. L. dussumeiri RB 2.68±0.46 10.32±1.55 0.33 ±0.17 12.86±5.72 60.99 12.45
Cf 2.68±0.46 5.92±1.34 0.33 ±0.17 2.47±1.88 10.55 95.1
Mf 2.68±0.46 5.42±0.74 0.33 ±0.17 1.66±0.75 6.56 61.5
Nf 2.68±0.46 8.20±1.09 0.33 ±0.17 6.12±2.74 28.28 17.85

5. O. niloticus RB 2.3±0.21 5.45±0.97 0.16 ±0.04 1.02±0.68 2.15 88.35
Cf 2.35±0.51 5.92±1.11 0.24 ±0.17 2.6±0.962 4.72 39.87
Mf 2.35±0.51 5.57±0.61 0.24 ±0.17 2.57±1.14 4.66 26.0
Nf 2.35±0.51 5.05±0.87 0.24 ±0.17 2.69±1.07 4.90 30.15

6. L. rohita RB 2.36±0.21 NA 0.18 ±0.08 1.39±1.01 2.28 21.46
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Rearing C. catla fry was not successful in
Chandrikawewa for any of the four feeding regimes.

Nevertheless, it was successful in Kiriibbanwewa
(Figures 2A and 2B) with a survival of 46.5% and a
% ADG of 17.1 with the Cf feeding regime. Indige-
nous fish species L. dussumieri showed considerably
better survival and growth on Cf and Mf food types
than in cages with Nf and RB food types in Kiriib-
banwewa. In Chandrikawewa, L. dussumieri showed
almost similar survival and % ADG for all four food
types. L. rohita showed a better survival and % ADG
in RB food type in Chandrikawewa than in cages
with the same food type in Kiriibbanwewa (Table 3).

Water quality parameters in the respective reser-
voirs are shown in Table 6. DO and BOD did not
vary inside and outside the cages. 

Table 5. Proximate composition of farmer-made aquafeed
prepared using coarse-powdered and fine-powdered fish-
meal in Kiriibbanwewa (±SD).

Used fish meal % Dry 
matter

% 
Moisture

% 
Ash

% 
Protein

% 
Fat

Coarse-powdered 59.2
±0.6

40.7
±0.6

6.5
±0.4

16.7
±8.0

3.2
±0.1

Fine-powdered 96.9
1.3

3.1
±1.2

19.4
±0.7

70.9
±1.0

2.1
±0.1

Figure 1. (a) Percentage survival (% survival); (b) percentage average daily growth (%ADG) of Cyprinus carpio fry reared
in floating cages in Chandrikawewa, Kiriibbanwewa and Muthukandiyawewa.
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Figure 2. (a) Percentage survival (% survival), (b) percentage average daily growth (%ADG) of Catla catla fry reared in floating
cages in Chandrikawewa and Kiriibbanwewa; (c) percentage survival (% survival); (d) percentage average daily growth (%ADG) of
Labeo dussumieri fry reared in floating cages in Chandrikawewa and Kiriibbanwewa; and (e) percentage survival (% survival) and
(f) percentage average daily growth (%ADG) of Hypophthalmichthys molitrix and Oreochromis niloticus fry reared in floating cages
in Kiriibbanwewa (feed types: RB, rice bran; Cf, commercial feed; Mf, farmer-made aquafeed; Nf, without supplementary feeding). 
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Table 6. Means of some physico-chemical parameters (dissolved oxygen (DO), biological oxygen demand (BOD), pH,
Secchi depth (SD), chlorophyll-a (Chl-a) and temperature (Temp.) in different cage culture cycles of cyprinids and cichlids
in three reservoirs.

Reservoir/
Rearing trial

Fish sp. Air
Temp.
(°C)

Water
Temp. 
(°C)

pH SDD 
(cm)

DO
(mg/L)

BOD
(mg/L)

Chl-a
(mg/L)

Advance fry rearing
Chandrikawewa

Trial-1 C. carpio 30.0 34.0 8.09 152 4.4 1.6 12.72
Kiriibbanwewa

Trial-1 C. carpio 30.5 32.5 8.19 130 5.5 3.1 18.19
Trial-2 C. carpio 32.5 31.5 8.64 115 5.36 3.5 24.14
Trial-3 L. rohita 30.2 31.5 8.31 110 5.0 1.2 29.77

Muthukandiyawewa
Trial-1 L. rohita 30.2 34.0 8.2 120 4.0 1.2 84.05
Trial-2 C. carpio 30.0 33.5 8.5 120 4.6 1.3 37.56

Fry-to-fingerling rearing
Kiriibbanwewa 

Trial-1 C. carpio 32.5 33 8.41 120 5.4 1.3 21.16
Trial-2 C. catla 31.5 30.2 9.32 110 4.8 4.0 29.03
Trial-3 H. molitrix 29 29 9.45 120 5.41 1.87 23.12
Trial-4 L. dussumieri 31.6 29.6 7.4 160 7.05 2.91 19.72
Trial-5 O. niloticus 30 29 7.97 130 6.12 3.02 12.41
Trial-6 L. rohita 27 28 8.63 135 5.1 1.2 12.91

Chandrikawewa
Trial-1 C. carpio 30.5 33.5 8.47 95 3.9 2.7 11.08
Trial-2 L. rohita 29.0 32.0 8.76 100 4.0 2.1 6.79
Trial-3 C. carpio 30.5 33.5 8.47 95 3.9 1.9 6.94
Trial-4 C. catla 32.0 30.1 8.55 90 4.17 2.2 8.0
Trial-5 L. dussumieii 32.0 32.0 9.20 110 5.27 1.65 12.56
Trial-6 H. molitrix 33.0 29.0 8.74 90 4.25 1.9 9.82
Trial-7 L. dussumieri 29.5 29.3 9.14 110 4.20 2.1 11.72

Figure 3. Percentage survival (% survival) of Cyprinus carpio, Catla catla, Hypophthalmichthys molitrix, Labeo dussumieri
and Oreochromis niloticus fry reared in floating cages with farmer-made aquafeed (Mf) in Kiriibbanwewa in five rearing
cycles.
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Discussion

De Silva (1989) and Amarasinghe (1990) indicated
that the minor cyprinids found in large quantities in
Sri Lankan reservoirs could be differentially
exploited and utilised to produce fishmeal for the
aquaculture industry. According to the present study,
it is clear that fisher communities are able to learn
the preparation of aquafeed for semi-intensive cage
aquaculture. For example, in Kiriibbanwewa, fishers
gradually obtained better results in the culture trials,
possibly due to learning the feed preparation strategy
(Figure 3).

The percentage protein in farmer-made aquafeed
improved when fine-powdered fishmeal was used.
At the beginning of the Mf feeding regime in the
second rearing trials, survival of C. carpio was 9.7%
in Kiriibbanwewa (Table 2). In the second rearing
trial with C. catla fingerlings and the same food type
in Kiriibbanwewa it improved up to 25.2%. At the
third fingerling rearing trial on H. molitrix, it
increased to 34.1%. Survival of 61.5% was achieved
by L. dussumieri in Kiriibbanwewa (Table 3). The
learning factor significantly contributed to the
success of the aquaculture strategy. In Chandri-
kawewa, too, increased survival of C. carpio
(36.5%) in Mf feeding regime was achieved in
advanced fry rearing cages (Table 2). 

Percentage survival of L. dussumieri fingerling
reared in cages in that reservoir increased from 42%
to 49% (Table 3). However, in the seventh rearing
trial of L. dussumieri fry to fingerling size in Chan-
drikawewa, the highest survival rate that could be
obtained was 13.8% (Table 3), due to poor attention
paid by the farmer community to this aquaculture
strategy. The %ADG of C. carpio fry in Mf feeding
regime was as low as 1.2%, possibly due to low pro-
tein content in the feed in Chandrikawewa (Tables 2
and 5). Both survival and growth rates could be
improved through increasing % protein in farmer-
made aquafeed in Chandrikawewa. In Muthukandi-
yawewa, survival varied with the Mf feeding regime,
and was relatively high and ranged 39.5–41.9%
(Table 2). 

Similarly, % ADG values in this reservoir also
ranged 22.4–26.7% (Table 2). According to the
results of a culture trial done by the fisheries
women’s organisation (a non-government organis-
ation) only 15% survival was achieved with C. catla
fry reared on a RB feed in Chandrikawewa. The high
protein level (31–34%) in Mf in Muthukandiyawewa
(Table 4) may be responsible for the high survival
and high growth rates in the cage-culture trials. This
is further substantiated by the high survival and high
growth observed in most culture trials with Cf (Table
2), when the crude protein content was 37.1%.

Entry of wild fish to the cages was a serious
problem during the initial trials in the three reser-
voirs. A. melettinus, E. danrica thermoicos, P. fila-
mentosus, R. daniconius and D. malabaricus were
present in cages and perhaps competed for feed.
Predatory fish species such as Glossogobius giuris
and Heteropneustes fossilis were also present in the
cages. These predators may also have accounted for
the observed low survival in the cages. According to
the analysis of water quality parameters in reservoirs
where cage-culture trials were carried out (Table 6),
so far no evidence has been found to suggest a
deterioration of water quality due to rearing fish
fingerlings in floating cages. However, continuous
monitoring of the water quality of the three reser-
voirs is needed to determine optimal cage density.
On the other hand, it is unlikely that the cage-culture
in perennial reservoirs would be intensified indefi-
nitely because the fisher communities rely on capture
fisheries in reservoirs as a source of their main
income, and the two activities may come into con-
flict if the number of cages is increased significantly.
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(mainly stems) was removed each day. Cages were
also cleaned as necessary, roughly every week.

Each fisher was given a book to record data
related to inputs, mortalities and catches. In practice,
one of the three was more diligent than the others in
completing the information, so the method was
supplemented by interviews.

Inputs were weighed periodically in order to
check estimates by the fishers.

Project staff checked the growth of the fish each
month. Samples were weighed, counted, then
released back into the cages.

After approximately 12 months of culture, all fish
were harvested. 

Results

In the following Tables, each cage is identified by
the name of the owner (Nghi, Huong, Than).

Inputs

Inputs are summarised by cage in Table 1.

Note: 
Labour involved in providing rice bran and soybean cake is
included in labour for giving cassava.
Water weed and cassava weights include stems as well as
leaves. Stem material is not consumed.
Huong’s ‘cassava’ includes 50 kg young grass.

It should be noted that these are approximations,
based on fishers’ records and monthly interviews,
which depend on recollection, and hence are not
precise. However, it is believed that they reflect
reality to the closest extent possible. 

The soybean cake was given during the first month
of operations. Most of the rice bran and cassava was
given during the first two months, after which the
dosages tapered off rapidly. Waterweeds were the
predominant feed from month 3 (September) until

April. In two of the cages (Huong’s and Than’s),
cassava and water weeds were fed on alternate days
in May.

Labour inputs are not converted into cash, since
family labour was used in all three cages. The
current labour rate in Ea Soup was estimated by the
fishers as VND 30 000 per eight-hour day. Work
required to feed fish and clean cages usually does not
compete much with other activities — normally, it
takes about one hour to carry out a feeding. Hence
assigning opportunity cost on the basis of eight-hour
days is not realistic, and overestimates the cash value
of time invested.

It is also worth noting here that Than gave consid-
erably less feed than the other two owners, especially
during the third to fifth month of culture. He ran a
coffee farm, which put relatively high demands on
his family labour force, and as a result, did not give
sufficient feed.

Recovery

Fish in each cage were counted in September,
January, and April (see Table 2). It should be noted
that the counts were not complete, and the focus was
on grass carp.

Grass carp mortalities during the first five days
after stocking totalled 64, 33, and 10 in the cages of
Nghi, Huong, and Than, respectively. 

Following the 28 April check, as mentioned
above, grass carp in Nghi’s and Huong’s cages
suffered heavy mortality (see Table 3).

No signs of disease were noted in the cages,
except for those possibly associated with stocking
injuries.

Nevertheless, recovery rates were lower than
desirable. While causes of the losses are open to
speculation, the following possibilities can be
advanced.
1. Escape from the cages at stocking: the fish were

checked against the mesh size of the nylon liner
before being packed. Some minor losses may still
have occurred. Damage to the nylon liner could
have caused other escapes.

Table 1. Inputs by cage, 27 May 1999.

Owner Nghi Huong Than

Fingerlings (no.) 588 588 588
 Cost (VND) 600 000 600 000 600 000

Rice bran (kg) 72.4 48 24.4
 Cost (VND) 202 720 110 400 92 320

Soy cake (kg) 3 0 9
 Cost (VND) 15 000 18 000

Cassava (kg) 255 2 225 305
 Labour (man-hours) 120 135 110

Water weeds (kg) 31 880 32 000 26 000
 Labour (man-hours) 358 405 340

Cage cleaning (man-hours) 34.5 21.5 66.5
 Cash (VND) 817 720 710 400 710 320
 Labour (man-hours) 512.5 561.5 516.5

Table 2. Fish count from the three cages.

Owner Nghi Huong Than

Date Grass carp Grass carp Grass carp
25/6/98 488 488 488
27/9/98 310 280 330
26/1/99 270 130 330
28/4/99 210 120 298
Final number caught 284 118 352
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2. Higher-than-reported initial mortalities: most of
the fish which died after stocking were counted,
but undoubtedly a few were missed.

3. Predation: attacks by puffer fish (Tetrodontidae)
probably led to additional mortalities. A few fish
with damaged tails were noted, and the damage
ascribed to attacks by puffers.

4. Escape from the tops of the cages: the bamboos
used to float the cages initially were old, and
becoming waterlogged by late September. The
weight of a large human on such a cage was
enough to submerge the cage above the level of the
plastic mesh. The fishers collected new bamboos
to replace the old, but Huong, in particular,
delayed. It is suspected that this may explain the
high loss he suffered between September and
January.

Growth

The chart (Figure 1) graphically presents growth in
the three cages. Growth was not checked in the cages
of Than and Huong until late September, when the
situation was rectified. 

Than had more fish than the others, and the greatest
difficulty feeding them. The two factors combined to
explain the inferior growth noted in his cage.

The sharp increase in the size of fish in Huong’s
cage between the October and November checks
(days 125 and 159) probably indicates the time he
lost his fish. The low number of fish in his cage
allowed them to achieve the largest size.

Nghi and Than sold fish (44 kg and 9 kg, respec-
tively) just before Vietnamese New Year in mid-
February (around day 230). They selected the largest

∗Fish fed to pigs were given a price of VND 0/kg.

Table 3. Grass carp mortality details: 29 Aprilñ1 May 1999.

Cage Nghi Huong

Number dead  103.00  60.00
Weight dead (kg)  69.98  59.40
Mean weight (g)  679.00  990.00
Income (VND) 545 670.00 370 600.00
Remarks Included three fish (1.35 kg) fed to pigs, and 

40 live, healthy fish (24 kg) harvested 1 May
and sold for VND 216 000.

Included one fish (1 kg) eaten and counted as 
income at VND 10 000, and four fish (4.8 kg)
fed to pigs.

Figure 1. Mean individual weight of grass carp in Ea Soup cages, 25 June 1998–28 June 1999.

1200

1000

800

600

400

200

0

A
ve

ra
ge

 w
ei

gh
t (

g)

0 34 63 92 125 159 188 215 246 274 307 336 356 368

Days since stocking

Nghi

Huong

Than



371

fish they had; therefore, the mean size of fish was
lower in late February (day 246). Heavy mortality in
the cages following the April check (day 307) led to
sales from all cages. Nghi harvested all his fish in
May, and Huong half of his. Subsequently, Than
sold about 25% of his stock (by number), selecting
the largest fish, which explains the apparent absence
of growth in his cage in May (days 307–336). 

Huong and Than gave little feed in June, and the
remaining fish, at least in Than’s cage, may have
been stunted, which may explain the drop in size at
final harvest.

Production 

Fish production estimates made before final harvest
are calculated from the sum of the total weight fish
caught and the estimated remaining biomass, based
on number counted and mean weight in each cage.
The final production figure for each cage is based on
total weight caught from each cage. The contribution
of common carp and tilapia to the estimate is
ignored, since sampling tended to net them very
irregularly. Final numbers harvested, also, were
almost negligible.

After 11 months of culture (for Nghi), and 12
months (for Huong and Than), the estimates of grass
carp production per cubic metre are 12.0, 7.6, and
9.8. kg/m3, respectively. 

Economics

The following chart estimates the production value
of the fish through time (Figure 3). 

Intermediate data take into account the sum of the
value of fish caught from the cages and the estimated
value of fish biomass remaining in the cages. Since
some fish had to be sold at low prices, production
values climbed more slowly than actual production.
Final values are those of all grass carp harvested
from the cages.

The production value assigned to Nghi’s stock
reflects the high price he was able to get for most of
his catch, and the large size of his fish. At the time of
heavy fish mortality in late April, Huong could sell
his caught fish for only VND 6000 ($0.43)–7000
($0.50)/kg, depending on condition. The low pro-
duction value assigned to Than’s fish reflects their
smaller size. 

These data consider only grass carp, but values for
all three stocked species were considered, as per
harvest data (see Table 4). Nghi harvested three
common carp totalling 2.1 kg, Huong two common
carp totalling 1.8 kg, and one tilapia (600 g), and
Than two common carp, totalling 1.6 kg. 

The labour investment has not been equated to
cash, for reasons explained earlier. Instead, cash
return on labour has been calculated.

Capital investment in the cages (about VND 2.2
million per cage ($157)) has not yet been considered.
Based on the results, if the culture situation repeated,
Nghi would be able to pay for his cage in three years.
It would take Huong 11 years, and Than four years,
to pay for his cages. The situation should improve for
all cages if there were no future accidents, which
force sales at a low price, and if all fish can reach a
size suitable for selling at a higher price.

Figure 2. Estimated production of grass carp from Ea Soup cages, 25 June 1998–28 June 1999.
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