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Abstract 
High feed cost is a major problem for the promotion of a nutrient rich fish like Gangetic mystus (Mystus 
cavasius) in cages under floodplain ecosystem. To address this problem, production and economics of cage 
farming of Gangetic mystus were evaluated under different feed restriction periods in Atrai River of Chalan 
Beel. Four feed restriction periods were tested in floating cages under four different treatments (T1-0 day i.e., 
regular feeding, T2-1 day, T3-2 days, and T4-3 days feed restriction per week). Fish were fed twice daily with 
commercial floating pellet containing 32% protein. Water quality parameters (water temperature, dissolved 
oxygen, pH and ammonia-nitrogen) were within the suitable range for fish culture. Final weight, weight gain, % 
weight gain, average daily gain, specific growth rate and survival rate were found significantly higher at 
treatment T1 whereas a better feed conversion ratio was observed in T2. Significantly higher fish production 
and benefit were also obtained from treatment T2. The present study concluded that Gangetic mystus with a 
stocking density of 50 fish m

–3
 fed with 32% protein containing feed maintaining 1 day feeding restriction per 

week are economically feasible for cage culture in running water. 
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1 | INTRODUCTION 
Cage culture is a method that enables the intensive culti-
vation of fish, allowing for the application of advanced 
technology and resulting in increased biomass production 
(Jewel et al. 2018).The cage culture system is favoured 
over other aquaculture systems due to its technical sim-
plicity, lower capital investment, intensive feeding and 
health monitoring and ease of harvesting (Mondal et al. 
2010). The water bodies in Bangladesh (e.g. rivers and 
floodplains) present viable locations for cage culture. This 
practice enables small-scale farmers to utilise their lim-

ited resources effectively and incorporate high-valued 
species into their cages. This, in turn, allows them to gen-
erate additional income and enhance their overall liveli-
hood. Cage culture has been used in several research 
studies in Bangladesh (e.g. Mondal et al. 2010; Begum et 
al. 2017). However, the accumulation of uneaten feed, 
faeces, and metabolic by-products has caused some chal-
lenges. On the contrary, cage culture in inland open water 
floodplain ecosystem can optimises the utilisation of nat-
ural resources and creates a conducive environment for 
the rearing of aquatic organisms (Upadhyay et al. 2022). 
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Using proper stocking densities and feeding proce-
dures are two of the cornerstones to sustainability in aq-
uaculture operations (Abd El-Hack et al. 2022; Hossain et 
al. 2022). A shortage of nutritionally acceptable and low-
cost feeding has long been a hurdle to the fruitful exer-
cise of cage fish rearing in many developing countries 
(Otubusin 1987; Umaru et al. 2016; Munguti et al. 2021). 
Feed represents the most expensive cost item in aquacul-
ture production and contributes 40 – 70% of the variable 
cost depending on intensity (Gandotra et al. 2015; Obiri-
korang et al. 2015). Feed contributes significantly to 
commercial fish production and is the determining factor 
between profitable and unprofitable aquaculture busi-
ness (Bolivar et al. 2006). 

Starving fish for some days within culture period is a 
common practice for farmers to reduce feed cost and to 
increase profit margin (Gaylord and Gatlin 2000). Starving 
fish are now a familiar strategy applied by fish farmer to 
reduce feed cost in aquaculture as because being an im-
portant factor in commercial fish farming feed cost ac-
counts for 40 – 60% of the production cost in fish culture 
(Rahman and Marimuthu 2010). However, restoration of 
adequate feeding can overcome the effect of starvation 
and was also known to give faster growth than the con-
tinuously fed fish, commonly called growth compensa-
tion. But it is always not the case as because compensato-
ry growth may sometimes cause developmental abnor-
malities due to faster growth and can reduce immune-
competence and disease resistance. Therefore, it is nec-
essary to know how many days a fish can be starved and 
what will be the optimal feeding rate to increase feed 
efficiency, growth performance of fish, maintain water 
quality and finally to increase profit of fish production 
(Dwyer et al. 2002). Although culture of Gangetic mystus 
was reported in ponds (Hosen et al. 2017),  no such re-
search effort considering the restriction feeding strategy 
is taken for cage farming of this species in floodplain eco-
system. Therefore, the present study aimed at evaluating 
the production and economics of Gangetic mystus farm-
ing in cages under different feed restrictions in floodplain 
ecosystem. The specific objectives included in this study 
were to monitor the water quality, growth and yield of 
Gangetic mystus under different feed restrictions; evalu-
ate the economics of cage fish farming; and finally, to 
recommend suitable feeding strategy of Gangetic mystus 
for cage farming in floodplain. The findings of this study 
might be helpful in formulating sustainable feeding strat-
egy for cage culture of Gangetic mystus in floodplain eco-
system. 
 
2 | METHODOLOGY  
2.1 Selection of study location 
This study was conducted in the stretch of Atrai River 

(2403018.75N 8900819.15E) that flows through the 
Chalan Beel in Singra Upazila of Natore district, Bangla-

desh (Figure 1). The study was conducted for a period of 
four months from 1 July to 28 October 2020. 
 

 
FIGURE 1 Cage fish farming experimental site in the Atrai 
River of Chalan Beel, Bangladesh (modified from Google 
map). 
 
2.2 Description of cages 
Medium sized cage (6 m × 3 m × 2 m) was used for this 
trial. Stainless steel metals and plastic barrels were used 
as frame and float respectively. The entire frame was 
wrapped with a net of 0.5 cm mesh size which was again 
covered with a net of 1 cm mesh size. The distance be-
tween the two different meshed net was 12.7 cm to save 
the inner net from the attack of potential attackers such 
as crab. A total of 12 cages were installed in a row for this 
experiment. The cages were maintained in a buoyant 
state within a body of water, positioned approximately 3 
meters above the sediment at the bottom. The cages 
were securely fastened to blocks in the water, with three 
blocks per cage, to prevent them from drifting away.  
 
2.3 Experimental design 
A total of four different supplementary feed restrictions 
like no feed restriction (i.e. regular feeding or feeding 
throughout the week), 1 day feed restriction per week, 2 
days feed restriction per week and 3 days feed restriction 
per week were tested under four treatments as T1, T2, T3 
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and T4 respectively. Each treatment had three replica-
tions. 
  
2.4 Cage management 
Hatchery produced seeds (7.90 – 8.10 g) of Gangetic mys-
tus were stocked at 50 fish m

–3
 in experimental cages. The 

stocking density of Gangetic mystus in each cage was 
maintained according to Ara et al. (2020). The fish were 
fed with commercial feed containing 32% protein and 
feeding was done at the rate of 5% of body weight. Fish 
were fed two times in a day (40% in morning and 60% at 
night). 
 
2.5 Monitoring of water quality parameters 
During the experimental period, water quality parameters 
were monitored every week. The water temperature was 
measured using a thermometer at a depth of 20 cm; the 
dissolved oxygen concentration was determined using an 
oxygen meter (YSL, Norwich, UK), and the pH was evalu-
ated using a pH meter (Orion, USA). NH3-N, unionised 
ammonia–nitrogen was measured using HACH kits (FF2, 
USA). 
 
2.6 Fish growth monitoring 
After the experimental period, the mean final body 
weight (FBW, g fish

–1
) was determined for 100 fish sam-

pled from each cage. The growth performance was meas-
ured using the following formulae: 
 
Weight gain (g) = Mean final weight (g) – Mean initial 
weight (g);  
Average daily gain (ADG) (g) = body weight gain (g) / 
number of days;  
Yield (kg cage

–1
) = Fish biomass at harvest – Fish biomass 

at stocking 

Percent weight gain (%) = 
             ( )                ( )

               ( )
 

   ; 

SGR (%/day) = 
                                     

              
    ; 

Survival rate (%) = 
                      

                   
    ; 

Food conversion ratio = 
                  

                
 

Total production (kg cage
–1

) = Fish biomass at harvest 
Net production (kg cage

–1
) = Fish biomass at harvest – 

Fish biomass at stocking 
 
2.7 Economic analysis 
The prices are stated in Bangladesh Taka (BDT), the cur-
rency of Bangladesh (~84 BDT = 1 USD$). Economic analy-
sis was performed using the following equation: R = I − 
(FC + VC + Ii) (Asaduzzaman et al. 2010). Where, R = net 
return, I = income from fish sale, FC = fixed / common 
costs, VC = variable costs and Ii = interest on inputs. The 
cost-benefit ratio (CBR) was also calculated using the fol-
lowing formula: CBR = Net benefit / Total cost. 

2.8 Data analysis 
Data on water quality, fish growth, yield and economics 
of caged fish farming under different treatments were 
subjected to one-way ANOVA (analysis of variance). 
When a mean effect was significant, the ANOVA was fol-
lowed by Duncan New Multiple Range Test (DMRT) at 5% 
level of significance (Gomez and Gomez 1984). The per-
centages and ratio data were analysed using arcsine 
transformed data. All analyses were performed using 
SPSS (Statistical Package for Social Science) version 22.0 
(IBM Corporation, Armonk, NY, USA). 

 
3 | RESULTS AND DISCUSSION 
There was no significant difference (p > 0.05) in the mean 
values of water quality parameters among the treatments 
(Table 1). Comparatively higher DO content was recorded 
in treatment T2. 

 
TABLE 1 Water quality in cages at different treatments of 
feed restrictions. T1–T4 indicates experimental groups. 

Parameters  T1 T2 T3 T4 

Temperature 

(C) 

30.35 ± 
1.57 

30.02 ± 
1.96 

29.90 ± 
1.67 

29.94 ± 
1.20 

pH 7.08 ± 
0.21 

7.10 ± 
0.26 

7.05 ± 
0.20 

7.04 ± 
0.33 

DO (mg L
–1

) 5.58 ± 
0.44 

5.61 ± 
0.52 

5.54 ± 
0.47 

5.56 ± 
0.41 

NH3-N
 
(mg L

–1
) 0.03 ± 

0.01 
0.04 ± 
0.02 

0.03 ± 
0.01 

0.03 ± 
0.02 

No significant (p > 0.05) differences were determined across 
treatment groups for all parameters. N = 12.  

 
There was no significant difference in the mean val-

ue of water quality parameters among the treatments. 
This was because the cage culture was performed in run-
ning water system. Hence, the pollutant in terms of NH3-
N was mainly washed out by the river water. In the pre-
sent study, water temperature varied from 29.90 – 

30.35C in the treatment. Highest temperature (30.35C) 
was recorded in the T1 while the lowest was found in T3. 
pH ranged between 7.04 and 7.10 in the treatment. Max-
imum pH (7.10) was documented in T1 and the minimum 
(7.04) was reported in T4. The DO fluctuated between 
5.54 mg L

–1
 (in T3) to 5.61 mg L

–1
 (in T2) among the treat-

ments. The maximum NH3-N was recorded in T2 whereas 
0.03 mg L

–1
 was reported in T1, T3 and T4. In another study 

of cage aquaculture, average values for water tempera-
ture, conductivity, TDS and transparency were measured 
in the floodplains of the Ratargul Swamp Forest and 
found within the acceptable range without any apprecia-
ble change (Kunda et al. 2022). Ara et al. (2020) recorded 
water temperature, pH, DO and NH3-N as 21.11 ± 0.33 – 

21.11 ± 0.33C, 7.41 ± 0.02 – 7.54 ± 0.13, 7.09 ± 0.08 – 
7.19 ± 0.11 mg L

–1
 and 0.001 ± 0.001 – 0.002 ± 0.000 mg 

L
–1

 respectively in a study on cage culture in a floodplain 
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ecosystem. However, the water quality parameters are 
found within the suitable range (Boyd 1998). 

Significant difference (p < 0.05) was observed in 
growth and production among the different treatments. 
Treatment T2 varied more significantly than others for fish 
growth and production (Table 2). During the study period, 
the highest final weight was obtained from the fish 
stocked at T1. Followed by final weight, weight gain, % 
weight gain, average daily gain (ADG), specific growth 
rate (SGR) was significantly higher in T1 compared to the 
other treatments. These results agree with those ob-
tained by Limbu and Jumanne (2014) who reported in-
creased growth performance of fish feeding with 1 day 
restriction per week. This is encountering abundant food 
following a period of food deprivation (Zhu et al. 2001). 
Complete compensation in growth of hybrid tilapia (O. 
niloticus × O. aureus), Nile tilapia and Lates calcarifer was 
also observed by researchers (e.g. Abdel-Hakim et al. 
2009; Tian and Qin 2003) in which fishes were exposed to 
different feeding restriction and re-feeding period. In-
creased restriction time caused a reduction in the growth 
parameters might be due to the factors associated with 
interspecific competition for food and stress. Therefore, 
the lowest growth performance was observed in T4. Regu-
lar feeding of fish also caused higher survivability in T1. On 
the other hand, 3-day feeding restriction in T4 resulted in 
increased stress condition and lower survivability of fish. 

Although lower amount of feed was needed in T3, reduc-
tion in growth resulted in lower FCR. Better performance 
of FCR for fishes fed with 1-day restricted feeding at 
treatment T3 might be due to optimum consumption of 
the diets and efficiency utilisation of the nutrients con-
tained in the diets (Aderolu et al. 2017). Evidence of cyclic 
starvation and re-feeding effect on feed utilisation was 
also proved by Tian et al. (2010), Urbinati et al. (2014) 
and Zaldua and Naya (2014) in fishes. During fasting peri-
od, hyperphagia (an increase in appetite) can be occurred 
which might cause rapid food consumption and improved 
growth efficiency (Limbu and Jumanne 2014; Zhu et al. 
2001). Therefore, nutrients contained in the diet in 
treatment T2 were efficiently converted by fish into 
growth, which was responsible for better performance of 
FCR in this treatment. However, continuous feeding in 
treatment T1 significantly reduced the performance of 
FCR. 

At the end of the study period, significantly higher 
total and net production were obtained from T1 (126.14 ± 
4.48 and 98.32 ± 4.24 kg respectively) and T2 (126.23 ± 
4.52 and 98.50 ± 4.76 kg respectively) than others treat-
ment. On the other hand, higher net income and CBR 
were obtained from T2, which received one day feed re-
striction per week. Economic analysis revealed higher 
total and net income and better CBR in T2 (Table 3).

 

TABLE 2 Fish growth and yield in cages at different treatments of feed restrictions. T1–T4 indicates experimental feeding 
groups. 

Parameters  T1 T2 T3 T4 

Initial weight (g) 7.90 ± 0.43
a
 7.98 ± 0.28

a
 8.11 ± 0.40

a
 8.02±0.30

a
 

Final weight (g) 38.27±1.07
a
 38.20±1.14

a
 31.14±2.41

b
 25.54±2.35

c
 

Weight gain (g) 30.37±1.16
a
 30.23±1.06

a
 23.03±2.46

b
 17.53±2.28

c
 

% weight gain 385.89±31.00
a
 379.35±16.79

a
 284.71±36.19

b
 218.72±27.64

c
 

ADG (G) 1.32±0.05
a
 1.30±0.03

a
 1.12±0.08

b
 0.96±0.08

c
 

SGR (%/day) 0.25±0.01
a
 0.24±0.01

a
 0.19±0.02

b
 0.15±0.02

c
 

Survival rate (%) 94.17±1.44
a
 94.39±1.29

a
 89.33±2.83

b
 83.06±5.87

c
 

FCR 1.69±0.14
ab

 1.45±0.07
b
 1.78±0.24

a
 1.64±0.38a

b
 

Total yield (kg) 126.14±4.48
a
 126.23±4.52

a
 97.36±8.18

b
 74.19±7.82

c
 

Net yield (kg) 98.32±4.24
a
 98.50±4.76

a
 68.97±8.46

b
 46.13±7.82

c
 

Values in a row having different superscripts are significantly different (p < 0.05) 
 

TABLE 3 Economic performance of cage culture at different treatments of feed restrictions. T1–T4 indicates experimental 
feeding groups. 

Parameters T1 T2 T3 T4 

Feed cost (BDT cage
–1

) 10613.1 ± 572.4
a
 9111.3 ± 314.3

b
 7723.9 ± 381.0

c
 4668.9 ± 176.0

d
 

Seed cost (BDT cage
–1

) 7000.0 7000.0 7000.0 7000.0 
Cage cost (BDT cage

–1
) 2000.0 2000.0 2000.0 2000.0 

Labour cost (BDT cage
–1

) 1600.0 1600.0 1600.0 1600.0 
Total cost (BDT cage

–1
) 21213.1 ± 572.4

a
 19711.3 ± 314.3

b
 18323.9 ± 381.0

c
 15268.9 ± 176.0

d
 

Total income (BDT cage
–1

) 56763.3 ± 2015.0
a
 56803.5 ± 2032.2

a
 38946.4 ± 3274.1

b
 25967.7 ± 2738.4

c
 

Net income (BDT cage
–1

) 35550.2 ± 2108.9
a
 37092.2 ± 1934.6

a
 20622.5 ± 3339.7

b
 10698.5 ± 2732.3

c
 

CBR 1.68 ± 0.12
b
 1.88 ± 0.10

a
 1.13 ± 0.19

c
 0.70 ± 0.18

d
 

Values in a row having different superscripts are significantly different (p < 0.05). 1 USD = 84.72 BDT in October 2020. 
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Effecting feeding strategy is considered very im-
portant for any intensive or high stocking density-based 
fish farming which improves water quality and fish pro-
duction; reduces feed cost; and thereby increases the net 
benefit. At the end of the study period, significantly high-
er total and net production were obtained in T2. Result 
demonstrated the best performance of total income, net 
income and CBR in treatment T2, where the restriction of 
feeding was 1 day per week.  Improved water quality 
(comparatively higher DO content) was also recorded in 
treatment T2. Almost similar observations were noted by 
Islam et al. (2021) who reported improved water quality, 
fish production and net benefit in case of carp fattening 
and catfish farming under one-day feed restriction per 
week. Findings also agreed with Al-Shammari et al. (2019) 
encouraging caged fish farming as a profitable business. 
 
4 | CONCLUSIONS 
The present study describes the effect of cyclic starving 
and re-feeding period on growth, feed utilisation and 
economics from cage farming of Gangetic mystus in open 
water floodplain ecosystem in Bangladesh. Significantly 
lowest FCR and highest CBR were obtained from treat-
ment T2 which received one day feed restriction per 
week. Therefore, appropriate feed restriction is a poten-
tial strategy to reduce the feed cost. This study used only 
one type of feed (factory feed with 32% protein content). 
Further studies are also required with focus on dietary 
protein level optimisation and feed formulation using 
locally available ingredients. 
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