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Abstract 
A study was conducted to optimize the stocking density for developing production 

technique of indigenous walking catfish, Clarias batrachus in cage in the lotic 

habitat. For this purpose, two months old fingerlings of fishes (5.10±1.54g) were 

stocked in the floating net cages at four stocking densities viz., 100, 150, 200 and 250 

fishes/m3 each with three replications. Fishes were fed with floating feed containing 

30% crude protein. After rearing for six months from November to April, all fishes 

were harvested and it was observed that growth of fishes was higher in lower stocking 

cages with the mean weights of 148±4.21g, 136±3.95g, 125±4.68g and 106±3.96g at 

the above densities, respectively. But both production and net return per cubic meter 

were highest of 15.50 kg and Tk. 2258.33, respectively at 200 fishes/m3 density.  
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Introduction 

Culture of fish in cages has gained much popularity throughout the world due to a number of 

advantages over the conventional methods of fish farming. The major advantages of fish 

culture in cage are: flexibility in the use of resource, comparably low capital cost, simplified 

husbandry practices, easy harvesting of fish and multi use of water resources. Though the 

country has vast water resources and climatic conditions favorable for cage culture of fishes, 

the aquaculture practices in Bangladesh are still concentrated largely on rearing of fishes in 

earthen ponds. Hasan et al. (1982) also mentioned that there is vast scope of increasing fish 

production in inland waterbodies through cage culture in Bangladesh and it would be a very 

profitable industry like other Asian countries. But production of fishes in cages on commercial 

basis in Bangladesh is yet to be popularized due to lack of knowledge on selection of species, 

determination of appropriate stocking density and management practices. Some social 

problems are also a constraint for expansion of this fish production system. 
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Unlike other Asian countries such as Indonesia, Thailand and Vietnam where commercial cage 

culture for a number of species is a well established practice, cage culture in Bangladesh is still 

limited. Some individuals and entrepreneurs started commercial culture of tilapia in cages in 

the river ecosystem. But due to high cost of feed and high mortality caused by disease, net 

return from this practice was not that much encouraging (Sarker, 2010). Later on, Bangladesh 

Fisheries Research Institute has started research to overcome these problems through 

introducing some high valued fishes. In this context, Kohinoor and Rahman (2013 and 2015) 

conducted experiments on the cage culture of Cyprinus carpio and Mystus cavasius in the river 

ecosystem and obtained encouraging findings. Later on, initiative has been taken to develop 

cage culture of high valued walking catfish, Clarias batrachus, locally called Magur.  

Clarias batrachus is particularly important for its growth, protein quality, tastiness and market 

stocky demand. Due to having aerial respiratory habit, this fish can be cultured at high density 

and marketed in live condition and hence fetches higher net return than carps (Thakur and Das, 

1986). As suggested by Borthakur and Goswami (2007), this fish can be successfully reared in 

cages. Determination of stocking density is a prime need for developing culture practice of any 

fish. Because, higher density may cause crowding effects and reduction in growth rate, while 

lower stocking density will not be commercially profitable (Bachiel and Le Cren, 1978). 

Therefore, the present study has been conducted for the optimization of stocking density of 

Clarias batrachus in cage culture system in a lotic habitat. A simple economical analysis to 

determine effect of stocking density on the cage culture economics has also been included in 

the study. 
 

Materials and methods 
 

Site and design of the experiment 

The study was conducted in the lotic habitat of the old Brahmaputra river at the vicinity of 

Mymensingh town for six months during November 2016 to April 2017 period crossing both 

winter and summer seasons. The experiment was conducted with four stocking densities i.e., 

treatments (T) viz., 100 fishes/m3 (T1), 150 fishes/m3 (T2), 200 fishes/m3 (T3), and 250 fishes/m3 

fishes (T4), each with three replications. 

 

Construction and installation of cages 

For the experiment, twelve rectangular cages of 3 m3 (2m x 1.5m x 1m) each were made by 

encircling an iron made rectangular frame with knotless polyethylene net of 10 mm mesh size. 

The cages were set in water with the help of bamboo poles inserted into the river bottom. For 

easy management, the cages were numbered as 1 to 12 and were divided into four treatment 

groups according to the design of the experiment. 

 

Collection and stocking of fishes 

Two months old fingerlings of indigenous walking catfish, C. batrachus were collected from a 

local private hatchery. The collected fingerlings were acclimatized with the river water for 

seven days in a separate cage. After then, required quantity of good quality fingerlings were  
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Cage culture of walking catfish, Clarias batrachus  

stocked in the respective cage according to the design of the experiment. The mean weight of 

the stocked fingerlings was 5.10±1.54g. 

 

Feeding of Fish 

The stocked fishes were fed with commercial floating feed containing 30% crude protein twice 

(09.00h and 16.00h) daily of six days per week. Fishes were fed with starter-1 feed for the first 

and second months and then with starter-2 for the rest of culture period. Feeding was done 

initially @ 15% of average body wt. of fish and then gradually reduced to 5% at the end of the 

culture period. Feed was adjusted fortnightly. For this, average weight of fishes was 

determined by bulk weighing of 50 fishes in each cage and accordingly, quantity of feed to be 

supplied in each cage was estimated. 

 

Water quality monitoring 

Water quality parameters viz., temperature (°C), pH, transparency (cm), dissolved oxygen 

(mg/l) and unionized ammonia (mg/l) of the sub-surface water were determined weekly at 9.00 

to 10.00 am following standard methods as mentioned by APHA (1992).  

 

Harvesting 

After 180 days (6 months) of rearing, all cages were shifted from the river to the river bank 

area. The fishes of all cages were harvested by hand picking. Then total number and weight of 

fishes in each cage were recorded. After data collection, average weight, survival and 

production of fish of each treatment were calculated. Specific growth rate, SGR (%) has been 

calculated following the formula as given below:  

 

SGR (%) = {ln (Wt2) – ln (Wt1)/t2 – t1}x 100 

Where, Wt2 and Wt1 are weights at respective time t2 and t1 and the difference of t2 and t1 are 

the time duration in days. 

 

Data analysis 

The collected data were subjected to different statistical analyses to find out the mean±standard   

deviation and the level of significance of variations of different production parameters among 

different stocking densities. All computations were made utilizing "STATGRAPHICS Version 7" 

software package. 

 

Results 

During the experimental period mean values of water temperature, transparency, pH, dissolved 

oxygen and unionized ammonia were 24.62±3.5°C, 62±6.21cm, 7.76±0.53, 6.20± 1.89 mg/l  

and  0.04±0.01mg/l,  respectively. Monthly variations of water quality parameters are shown in 

Fig.1. Water temperature of the river varied from 20.04 to 27.50oC. Temperature was lowest in  
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Fig. 1: Monthly variations in physicochemical characteristics of water of the experimental site 

of the old Brahmaputra river 

 

December and gradually increased to highest level at the end (April) of the culture period (Fig 

1a). As shown in Fig. 1b, transparency of water varied from 62 to 80 cm with the higher 

transparency during winter months and gradually decreased with the progress of culture 

period. Water of the river was alkaline throughout the culture period and pH of water was 7.13 

to 8.78 (Fig. 1c). Dissolved oxygen (DO) varied from 6.91 to 8.54 mg/l. Like transparency, 

highest value of DO was also recorded in January and gradually decreased with the progress of 

culture period (Fig. 1d). As shown in Fig. 1e, unionized ammonia concentration in water was 

very low and varied from 0.025 to 0.05 mg/l. 

 
 

a 

b c 
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Cage culture of walking catfish, Clarias batrachus  

The growth and production performance of walking catfish, Clarias batracus locally called 

Magur are summarized in Table 1. After six months rearing in cages, the mean wt of fish was 

148±4.20, 136±3.95, 125±4.68 and 106±3.96g with the mean specific growth of 1.93±0.02%, 

1.89±0.03%, 1.83±0.01% and 1.79±0.03% per day at 100 (T1), 150 (T2), 200 (T3) and 250 (T4) 

fishes/m3 stocking densities, respectively indicating higher growth rate at lower stocking 

cages. The mean wt. of fishes at highest stocking density (T4) was significantly lower than 

those of other stocking densities. Mean survival of fishes was 74±3.51%, 65±5.13%, 

62±7.09% and 55±5.85% in T1, T2, T3 and T4, respectively also indicating inverse relationship 

(Y = -0.12x + 85, R2 = 0.967) with density. The survival of fishes was significantly highest at 

lowest stocking density (T1), whereas survival was significantly lowest at highest stocking 

density (T4) than those of other stocking densities. 

 

Table 1: Production performance of walking catfish, Clarias batrachus reared in cage at 

different stocking densities in the lotic habitat of the old Brahmaputra river from 

November to April 
 

T
re

at
m

en
ts

 

(T
) Stocking 

density 

(No/m3) 

Mean wt (g) 

at harvest 

Specific 

growth 

rate(%) 

Survival 

(%) 

Production 

(kg/m3) 

Production 

(kg/cage) 
FCR 

T1 100 148±4.20a 1.93±0.02a 74±4.51a 10.95±0.22b 32.85 1.83a 

T2 150 136±3.95b 1.89±0.03a 65±5.13b 13.26±0.44a 39.78 1.71a 

T3 200 125±4.68bc 1.83±0.01b 62±7.09b 15.50±0.44a 46.50 1.61a 

T4 250 106±3.96d 1.79±0.03b 55±5.85c 14.58±0.17a 43.74 1.78a 

* Dissimilar superscript indicates significant difference at 5% level of probability 
 

 

However, mean gross production of fish in different cages was 10.95±0.22 kg/m3, 13.26±0.44 

kg/m3, 15.50±0.44 kg/m3 and 14.58±0.17 kg/m3 at the above four densities, respectively 

showing highest production in T3. This production was significantly (p<0.05) different than 

that of T1 with lowest stocking density. But the differences of production among T2, T3 and T4 

were insignificant. The feed conversion ratio (FCR) value at lowest density (T1) was highest of 

1.83. This value reduced to 1.71 and 1.61 in T2 and T3, respectively. But FCR value (1.78) in 

T4 with highest stocking density of 250 fishes/m3 was higher than those of T2 and T3. This 

might be due to significantly lowest mean wt. and survival in T4 than those of T2 and T3. 

However, there was no significant difference among the FCR values at different stocking 

densities. 

 

As opined by Muangkeow et al. (2007), there are several factors such as yield, sale price, feed 

cost, fingerling cost, system investment and operating cost affecting economic return of the 

system. As revealed from Table 2, cost of cage preparation and operational cost was same in 

all four treatments. But cost of fingerlings was different depending on the different numbers of  
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fingerlings stocked in cages at different stocking densities. In the same way, cost of feed was 

also different and higher expenditure was incurred in treatments with higher quantity of feed. 

But percent of feed cost over total production cost in all treatments was almost same and 

varied from 43.17-44.21%. Due to these facts, cost of production was higher in higher fish 

stocking cages. Gross return (Tk./m3) was highest of  16275.00 in T3, followed 14917.50 in T2, 

14434.20 in T4 and 13140.00 in T1. Net return (Tk./m3) was also highest in T3 (6775.00) 

followed by T2 (6259.50), T1 (5380.00) and T4 (4316.20).  

 

Table 2: Production cost and income from cage culture of Clarias batrachus at different 

stocking densities (cage size, 3m3 each) 
 
 

Particulars 

Treatments (stocking densities) 

 T1 

(100 fishes/m3) 

 T2  

(150 fishes/m3) 

T3  

 (200 fishes/m3) 

T4  

(250 fishes/m3) 

Qty. 
 

Value  
(Tk.) 

Qty.  Value  
(Tk.) 

Qty.  Value 
 (Tk.) 

Qty.  Value 
 (Tk.) 

Production cost/cage 

  Cage 

preparation 

(No) 

1 3000 1 3000 1 3000 1 3000 

Fish 

fingerling 
(Nos.) 

300 900 450 1350 600 1800 750 2250 

Feed (kg) 60 3360 68 3808 75 4200 78 4368 

Operational 
cost 

 500  500  500  500 

Total cost  7760  8658  9500  10118 

Income/cage 

Gross (Sale 

price of fish, 

Tk. 400/ kg) 

32.85 kg x  

Tk.400/kg 

13140 39.78 kg x 

Tk 375/kg 

14917.5 46.50 kg x 

Tk.350/kg 

16275 43.74 kg x 

Tk.330/kg 

14434.2 

Net  - 5380a - 6259.5ab - 6775b - 4316.2c 

 

 

 

Discussion  

The water quality parameters recorded during the study period from November to April was 

congenial for aquaculture as also recommended by Boyd and Tucker (1998). Accordingly feed 

intake and growth of fishes were also observed satisfactory throughout the culture period. 

Generally, temperature of water, which control metabolic rate of fish (Boyd, 1982) remains 

>20oC in pond ecosystem during winter period from November to April in the Mymensingh 

region. During this period, fishes don’t take feed and growth becomes stunted in ponds. But in 

the river ecosystem, temperature of water even in the winter period was always higher than this 

level (Fig. 1a).  
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In the present study, attempt was made to optimize the stocking density of Clarias batrachus 

in cages in the flowing water of the old Brahmaputra river. In this context, among the 

attempted four stocking densities from 100 to 250 fishes/m3, growth rate of fishes was 

observed to be decreased with the increase in stocking densities. Similar findings were also 

reported by Quattara et al. (2003), Barcellos et al.(2004) and Nunoo and Asase (2017) in cage 

culture of black-chinned tilapia (Sarotherodon melanotheron), American catfish (Rhamdia 

queien) and Nile tilapia (Oreochromis niloticus), respectively. In Bangladesh, Ahmed (1982), 

Haque et al. (1994), Kohinoor et al. (2013) and Kohinoor and Rahman (2013 and 2015) also 

obtained similar findings in cage culture of Labeo rohita, Cycrinus carpio and Mystus 

cavasius. Production performance of Clarias batrachus is much better than that of Sangma et 

al. (2017) who conducted a study on the cage culture of Clarias batrachus in ponds at a 

density of 100 fishes/m3 during July to October period and using pellet feed with 26% crude 

protein. After 97 days of culture, gross production was 61.866.81 kg/ha with the mean wt of 

fish of 29.22±0.84 g and mean survival of 21.335.03%. Individual growth and population 

density are known to be closely linked. This agrees with the findings of T1 which showed the 

best result in terms of growth and survival.  

 

The efficiency of any aquaculture system depends upon the profitability of the product. The 

market price of fish always depends upon its size. In the present investigation, price of fish was 

highest of Tk. 400.00/kg in T1 due to the highest size, whereas price of fish was lowest of Tk. 

330.00 in T4 due to the lowest size. However, considering both market price and production of 

fish, highest gross income was achieved from T3, where stocking density was 200fishes/m3. 

Net return was Tk.5380.00/cage at lowest stocking density of 100 fishes/m3 (T1). This income 

increased up to T3 where net return was Tk.6775.00/cage. But lowest net return of Tk. 

4116.20/cage was achieved from cage of highest stocking of 250 fishes/m3 (T4). This return 

was significantly different from those of other stocking densities. In spite of higher production 

than T1 and T2, lowest net return from T4 was due to small size of fish which was sold at 

lowest market price. 

 

Conclusion 

The findings of the present study indicate that stocking density of walking catfish Magur, 

Clarias batrachus for rearing in cages in the lotic environment should not be higher than 200 

fishes/m3. However, further study is needed for proper optimization of stocking density. The 

study also indicate that it is possible to culture fish in cage in the river environment even in the 

winter season when temperature of water in closed water bodies remains uncongenial for fish 

culture. 
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