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Abstract 
Rainbow trout (Oncorhynchus mykiss) is getting priority in aquaculture in Nepal. However, high 

investments, slow growth in land-based/raceway systems are major challenges. Country would be 

benefited, if lakes/reservoirs could be utilized for its cage culture. A preliminary trial was conducted in a 

shallow-reservoir created for hydropower installing three cages, 6 m × 4 m × 2 m size to evaluate its 

growth and production potential. The trout juveniles of 57.6±15.4 g (average weightSD) were stocked 

and fed with 33% crude protein diet twice daily at maximum 3% of body weight for 91-days. A random 

sample of 50 fish per cage was measured total length and body weight each month. Results showed that it 

is possible to achieve high survival (96.61.7%) with reasonable growth rate (0.80 g.fish-1) and 

productivity (8927 kg.cage-1) with fair condition factor (1.20.1) when stocked 10-20 fish.m-3. These 

parameters implied that farming of rainbow trout in the shallow reservoir could be successfully done 

during winter-spring season in a year. However, further research is needed with stocking densities, feeds 

and feeding rates/methods, and also conducting longer period which may further enhance the 

productivity thereby profitability. 
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1. Introduction 

Rainbow trout (Oncorhynchus mykiss) is emerging as one of the most suitable species to grow 

in cold waters of mountainous regions of Nepal, majority of which are originated from the 

Himalaya [1-3]. Rainbow trout requires clean and coldwater not exceeding 20 °C with relatively 

high dissolved oxygen having pH ranging from 6.5 to 9.0, with slightly alkaline water for 

growth, in general. Optimum water temperature is 13-20 °C for best feed intake and growth [2, 

4]. For few hours, trout are not seriously harmed at temperatures up to 23 °C but should not 

remain for longer [5, 6]. High survival depends on water temperatures remaining at 20 °C or 

lower [7] and 25 °C is the lethal [8].  

Trout farming in Nepal is being scaled up as the private sector is adopting it, so stakeholders 

are exploring the possible locations and ways for its cultivation including cage culture in 

reservoirs [3, 9, 10]. The country possesses about 6,000 rivers with tremendous potential for 

hydro-electric power. Therefore, many reservoirs are being created. Cage culture of trout 

would be one of the best options to utilize the reservoirs for improving livelihoods of fisher 

community, especially supports for those families who might lose their land due to inundation. 

More research is needed to develop suitable models for adoption and utilize the coldwater 

resources. The government has been promoted rainbow trout aquaculture to generate income 

and employments especially for hilly areas. Trout culture is land-based and raceway system in 

Nepal. However, high investment and slow growth are major challenges. Cage culture of 

rainbow trout is practiced widely in many other countries [11-15] There are several advantages of 

cage culture as it allows complete harvesting in the spring when the water temperature rises 

above their tolerance limits [7, 16].  
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Rainbow trout survive and grow well in cages as they adapt 

well to crowded condition, readily eat pellet feed and there is 

free exchange of dissolved oxygen from the surrounding 

water in the lake, ocean or reservoir [14]. Especially cage fish 

culture is beneficial to grow advanced juvenile of desirable 

size i.e. 200 g individual body weight [11].  

Since, Nepal is rich in freshwater resources, sustainable use of 

coldwater lakes and reservoirs would be good options for 

enhancing trout fish production in the country. There is a lack 

of information on cage culture of rainbow trout in lakes and 

reservoirs in Nepal. A feasibility study to observe growth and 

survival was carried out during winter-spring season from 

November to May in Phewa Lake [10]. However, no 

information is available about the health with estimation of 

condition factor and profitability. 

Rainbow trout normally has grown 200-300 g in 12 months in 

Nepal, where water temperature ranges 10-20 °C [1]. 

However, it depends upon the suitable range of water 

temperature, dissolved oxygen, pH and other water quality 

parameters. How to enhance its growth, ensure high 

productivity and profitability are the major challenges. 

Farmers need to choose a suitable stocking density and 

feeding rates as major management strategies. At lower 

stocking densities, fish may grow fast or bigger, but at higher 

densities, they may get stress and might grow slower. The 

knowledge of length-weight relationship, condition factor (K), 

survival and growth rates are basic and important parameters 

test or comparison by good fisheries managers [17-20]. Because, 

these express the state of the health, general fitness reared in 

specific system [18, 21-24]. Based on these facts important 

decisions are drawn implying histology, morphological 

comparisons, marketing and profitability of aquaculture 

practices adopted. The fitness of fish is influenced by growth, 

age, sex, season, stage of maturation, food availability, 

fullness of gut, type of food consumed, amount of fat reserve 

and degree of muscular development [25, 26]  

The sudden change in water quality in land-based systems is 

an important limiting factor in fish development. Factors such 

as water temperature, turbidity, flow velocity, pathogenic 

microorganism load are the main factors of these stresses. 

However, changes in meteorological conditions in reservoirs 

such as dams, lakes and ponds will not cause sudden changes 

in water quality. The studies on rainbow trout in Nepal are 

mostly focusing on farming practices in land-based/raceways 

after its introduction from Japan in 1988 [3]. There are very 

limited studies related to important parameters such as length-

weight relations, K factor and growth, production and 

profitability of trout especially for cage culture in reservoirs. 

Therefore, feasibility of rainbow trout in a shallow reservoir 

created due to hydropower project was examined evaluating 

these parameters with the hypothesis that rainbow trout could 

be reared in cages during winter up to spring successfully.  

 

2. Materials and Methods 

2.1 Experimental site 

This short term evaluation was performed in a reservoir of 

approximately 1.0 hectares in total area with 4.0 meter of 

maximum depth from top level of water surface. The reservoir 

is situated at around 1,450 m above mean sea level, 

27°33'53.5"N, 85°32'00.3"E, built to provide a run-of the 

river structure for Panauti Hydropower Station at Khopasi, 

Panauti-10 in Kavrepalanchowk district about 35 km South-

East of Kathmandu with installed capacity of 2.4 MW power. 

The reservoir receives the water supply from nearby 

Roshikhola, a tributary of Sunkoshi River. The climate of 

Panauti is wet and dry having an average rainfall of about 

950-1275 mm per year (3 years record of 2017-2019). 

 

2.2 Cages and the fish for experiment 

The rainbow trout fingerlings were procured from Bhandari 

Rainbow Trout Farm, Helambu Rural Municipality, 

Sindhupalchowk, Nepal. After the transportation fingerlings 

(57.615.4 g) were stocked on 1st January 2020 into three 

cages of 48 m3 (6 m × 4 m × 2 m) size hanged with 

readymade plastic floats and anchors from all the four sides. 

The mesh size of the cage nets was 20 mm stretched. A 

sample of 50 fish were taken every month to measure total 

length and body weight from each cage, where 480, 720 and 

960 fish per cage were stocked with stocking rate of 10, 15 

and 20 fish.m-3, respectively.  

 

2.3 Water quality  

Water temperature was monitored daily near by the cages in 

the reservoir. Dissolved oxygen (DO) and pH were monitored 

once in a month at 10:00 AM, using a portable data logger 

pH/ORP, DO, CD/TDS Meter, Lutron, Model No. WA-2015, 

Bench Type, RS23/USB. 

 

2.4 Fish Feed and feeding 

Dried sinking pellet feed of 33% crude protein (CP) content 

made by local producers was supplied in this study. Feeding 

rate was maximum 3% of body weight, which is within the 

recommended range (2-5%) of feeding rate in cage by Wynne 
[7]. Fish were fed satiation during the lower water temperature 

(10-13 °C) condition. Unconsumed feed were returned back, 

weighed and recorded the actual feed consumed. The fish 

were fed manually in cages, twice daily at 10 am in morning 

and 4 pm in evening.  

 

2.5 Fish sampling for length-weight measurement 

Fish were sampled once a month (1st day of every month) by 

collecting representative samples of 50 fish from each cages 

for total length and body weight measurement. Fish were 

starved a day before growth checking. After every sampling, 

new feeding rates were adjusted according to the average 

weight determined from the sampled fish. At the end of 3 

months, the cages were completely dragged and measured for 

total length (TL) and body weight (BW). The BW was 

measured with a sensitive digital electronic balance 

(Shimadzu UX320G) weighing balance with a readability 

range of 0.10 g and TL was measured with a measuring board 

to the nearest 0.10 cm accuracy. The total length of the fish 

was taken from the tip of snout (mouth closed) to the tip of 

the caudal fin. The statistical relationship between these 

parameters of fishes was established using the parabolic 

equation as described: 

W = aLb : Where, W = Body weight of fish (g), L = total 

length of fish (cm), a = constant, b = is the slope of line for 

the relation between length and weight. The relationship 

(W=aL) when converted into the logarithmic form gives a 

straight line relationship graphically b Log W = Log a + b 

Log L.  

 

2.6 Condition Factor (K) 

The coefficient of condition ‘K’ was calculated by using 

Fulton equation [25]; K = W/L3 × 100,  

where, W = weight in grams, L = length in mm, and 100 is a 

factor to bring the value of K near unity. Condition factor was 

http://www.fisheriesjournal.com/
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calculated from the formulae;  

CF = 100W (g)/ L (cm)3, where, W= body weight and L= 

total length. 

 

2.7 Absolute Growth Rate (AGR) 

Since rainbow trout is being farmed, reporting fish growth in 

terms of more desirable expression. Absolute growth rates 

(g/d) implies that the relationship of increased weight to time. 

AGR) was calculated using the following formula described 

by Hopkins [18] and Lugert et al. [27]. 

AGR = (Wf – Wi)/t,  

where, Wf = final weight /length, Wi = initial weight/length, 

and 't' is the time interval. 

 

2.8 Fish survival and feed conversion ratio (FCR) 

Survival of fish was considered the remaining fish after 

deducting the number of died, missing or escaped. Following 

formula was used for calculating the survival percentage: 

Survival rate (%) = number of fish alive at harvest/number of 

initial stock ×100. 

FCR was calculated as total feed consumed divided by weight 

gain using following formula [28] FCR = FC/A2-A1), where, 

FC = Feed consumption, A1 = Total weight at beginning of 

the period, A2 = Total weight at end of the period 

 

2.9 Statistical analysis 

One-way analysis of co-variance (ANCOVA) was used to 

compare the mean of some growth and production parameters 

among treatments. The growth model of fish with time was 

drawn using linear regression. The effect of stocking density 

on the final biomass was explained by using exponential 

model while that on feed efficiency was by quadratic relation. 

The relationship between length and weight of fish was 

analyzed by measuring length and weight of fish specimen. 

The value of constants ‘a’ and ‘b’ was estimated by linear 

regression after logarithmic transformation of weight and 

length data by using formula: LogW=Loga+bLog. The data 

were analyzed using statistical tools available in the MS Excel 

2013 and XLSTAT 2014.5.03.  

 

3. Results 

3.1 Growth performance 

The summary of some basic features on stocking rate, initial 

and final body weight, growth, harvest number, FCR of 

rainbow trout has been given in Table 1. The average final 

(harvested) body weight of rainbow trout was 128.832.5 g 

(ranging from 122.8±30.5 g to 136.2±34.2 g) for 91 days 

growth period. During the study period there was high 

survival rate (96.61.7%) at harvest and the mortality was 

few probably due to handling during the transfer and 

sampling activities but not due to prevailing diseases, food or 

water quality disorders in the reservoir. The feed conversion 

ratio (FCR) was 2.60.2 (ranged from 2.2 to 2.8) (Table 1). 

Mean comparison by one-way analysis of co-variance 

(ANCOVA) shows that the initial and final body weight 

among the group was not significantly different (P>0.05) 

(Table 1, Fig 1). Similarly, the average body length among 

the groups also was not significant (P>0.05) in initial stocking 

size and in final size during the growing period (Table 1, Fig 

2).  

 

Table 1. Results of the trial, Rainbow trout reared in cages in a shallow reservoir of Nepal 
 

Biomass/stock details 10 fish.m-3 15 fish.m-3 20 fish.m-3 

Total no. of initial stock 480 720 960 

Initial number of stock density.m-3 10 15 20 

Final number of stock density.m-3 9.48 14.50 19.64 

Average initial length (cm)±SD 16.6±1.6a 16.9±1.6 a 16.3±1.5 a 

Average final length (cm)±SD 22.2±1.9 a 22.0±1.9 a 21.6±2.3 a 

Average initial weight (g) ±SD 61.5±16.6 a 58.8±14.6 a 52.6±14.9 a 

Average final weight (g) ±SD 136.2±34.2 a 127.4±32.7 a 122.8±30.5 a 

Average weight gaining (g) 74.7 a 68.6 a 70.2 a 

Average length gaining (cm) 5.6 a 5.1 a 5.3 a 

Initial stocking density (kg/cage) 29.5 42.3 50.5 

Final fish numbers (individual/cage) 455 696 943 

Survival (%) 95 97 98 

Gross weight per cage at harvest (kg) 62.0 88.7 115.8 

Net weight increased per cage (kg) 32.5 46.4 65.3 

Absolute growth rate (g/fish/d) 0.83 0.78 0.76 

Consumed feed (kg) 91.78 127.96 147.04 

Feed efficiency (%) 35.4 a 36.3 a 44.4 a 

Feed conversion ratio (FCR) 2.80±0.15 a 2.80 ±0.21 a 2.30±0.17 a 

Average condition factor± SD 1.2 ±0.13 1.2±0.15 1.2±0.13 

 

The absolute growth rate (AGR) with average final weights 

and total lengths showed significant linear relationships with 

rearing period for each stocking densities. The regression 

equations are presented in Table 2 and Fig 3. According to the 

regression models the growth rate was 0.83 g, 0.78 g and 0.76 

g per day for lowest, medium and highest densities 

respectively (Table 1, Fig 3). Similarly, the increase in lengths 

were 0.0625 cm, 0.0584 cm and 0.0570 cm for the respective 

densities (Table 2, Fig 4). 

 

Table 2: Results of regression analysis of relationship between average weight and total length with rearing period, and that of net biomass and 

feed efficiency with stocking density 
 

 Equations R2 n Significance 

Average weight (g) y = 0.8291x + 56.95, 0.977 4 P < 0.01 

 y = 0.7816x + 54.636, 0.976 4 P < 0.05 

http://www.fisheriesjournal.com/
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 y = 0.762x + 51.13 0.993 4 P < 0.05 

Total length (cm) y = 0.0625x + 16.384, 0.9876 4 P < 0.01 

 y = 0.0584x + 16.496, 0.9685 4 P < 0.05 

 y = 0.057x + 16.22, 0.9896 4 P < 0.01 

Net biomass (kg) y = 0.146x2 - 3.4788x + 55.603 1.00 3 P < 0.01 

Feed efficiency y = 16.214e0.0698x, 0.9999 3 P < 0.01 

 

 
 

Fig 1: Average body weight (g) of rainbow trout stocked at three densities (10, 15 and 20 fish.m-3) over the rearing period of 91 days from 

January 1 to April 1, 2020. 

 

 
 

Fig 2: Average total length (cm) of rainbow trout stocked at three 

densities (10, 15 and 20 fish.m-3) over the rearing period of 91 days 

from January 1 to April 1, 2020. 

 
 

Fig 3: Growth (g, Y-axis) of rainbow trout stocked at three densities 

(10, 15 and 20 fish.m-3) over the rearing period of 91 days (x-axis) 
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Fig 4: Total lentgh (cm, Y-axis) of Rainbow trout stocked at three densities (10, 15 and 20 fish.m-3) over the rearing period of 91 days (x-axis) 

 

3.2 Length-weight relationship and condition factor 

For length-weight relationship (LWR) a total of 600 

specimens were measured for total length and body weight 

within the rearing period. The minimum and maximum value 

of total length of fish ranged from 12.0 to 26.6 cm and body 

weight 25.0 to 219.0 g at stocking to harvesting, respectively 

(Table 3). 

 

Table 3. Description of rainbow trout examined for maximum and minimum value of total length (TL) and body weight (BW) 

and regression parameter values, a, b and R2. 
 

Month 

TL (cm) BW (g) Regression parameters 

Stocking Rate Stocking Rate Stocking Rate 

10 15 20 10 15 20 10 15 20 

Min Max Min Max Min Max Min Max Min Max Min Max a b R2 a b R2 a b R2 

January 12.0 19.5 12.5 19.5 13 19 25 90 29 93 27 77 1.5995 2.765 0.86 1.0211 2.2653 0.69 1.0424 2.2659 0.52 

February 15.1 21.3 13.4 21.8 15 21.8 34 115 35 121 39 124 1.4683 2.6676 0.70 1.6173 2.7715 0.84 1.7181 2.8507 0.77 

March 15.2 23.5 14.8 22.9 14.8 22.9 34 166 57 166 38 148 1.5599 2.734 0.87 1.4042 2.6203 0.83 1.3692 2.5892 0.86 

April 18.4 25.5 18.2 26.6 16.2 25.1 77 206 77 219 36 194 1.4954 2.6885 0.86 1.3298 2.5506 0.76 1.7291 2.8529 0.86 

 

Accumulatively, the simple regression between body weight 

and total length showed strong relationship (R2). The 

regression equation for length weight relationship (LWR), 

coefficient of determination (R2), growth coefficient (b) is 

given in Table 3. The average value of R2 was 0.89 reflecting 

that the increase in body weight was highly correlated to the 

increasing total length. The value of R2, was 0.92, 0.89 and 

0.87, respectively for 10, 15 and 20 fish stocking rate.m-3 (Fig 

5), while the ‘b’ value ranged from 2.265 to 2.853 (Table 3). 

 

 
 

Fig 5: Length and weight relationship of rainbow trout in cage with (A) 10, (B) 15, (C) 20 

 

fish.m-3 stocking density and (D) combination of all 

The condition factor (K) value also was calculated from that 

minimum and maximum value of total length and body 

weight of total 600 specimens measured in different months 

of the rearing period. The mean value of condition factor (K) 

ranged from 1.177 to 1.319 in stocking of 15 fish.m-3 and 10 

fish.m-3 cages, respectively (Table 4). 

 

Table 4: Condition factor 'K' of rainbow trout reared short term in cages of Khopasi Reservoir 
 

Month 

Stocking Rate 

10 fish.m-3 15 fish.m-3 20 fish.m-3 

Min Max Mean SD Min Max Mean SD Min Max Mean SD 

January 1.004 1.59 1.3085 0.1497 0.7123 1.6649 1.2144 0.1958 0.7327 2.072 1.1997 0.2780 

February 0.8548 1.9289 1.3196 0.2032 0.9629 1.6657 1.2610 0.150 0.8880 1.6999 1.2561 0.1739 

March 0.9220 1.5673 1.2510 0.1414 1.0000 1.6453 1.2744 0.1414 0.8616 1.5786 1.2762 0.1412 

April 0.9779 1.6103 1.2236 0.1480 0.7782 1.5008 1.1772 0.1480 0.8478 1.5094 1.1948 0.1268 

 

3.3 FCR and Feed efficiency 

There was no clear trend in feed conversion ratio (FCR), 

where the average value was found 2.60.2 ranged from 2.3 

to 2.8 (Table 1). However, the relationship between feed 

efficiency and the stocking density was found to be 

significant (y = 0.146x2 - 3.4788x + 55.603, R² = 1, n=3, P < 

0.01, Fig 6). This indicates that feed efficiency was at 

minimum when stocking density was at 12 fish.m-3. 
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y = 0.146x2 - 3.4788x + 55.603

R² = 1, n=3, p<0.05

25.0

30.0

35.0

40.0

45.0

50.0

5 10 15 20 25

Feed efficiency (%)

 
 

Fig 6: Relationship between feed efficiency (%) and stocking density (fish.m-3) in x-axis 

 

3.4 Productivity and profitability 

Productivity of trout i.e. net biomass increased exponentially 

with the increasing stocking density (y = 16.214e0.0698x, R² = 

0.9999, n=3, P < 0.05, Fig. 7). The exponential increment rate 

was found to be 6.98% per fish.m-3. 

 

 
 

Fig 7: Relationship between biomass and stocking density (fish.m-3) in x-axis 

 

The result showed that it is possible to achieve high survival 

(96.61.7%) with reasonable growth rate (0.80 g.fish-1) and 

productivity (8927 kg.cage-1) with fair condition factor 

(1.20.1) (Table 1). Similarly, profitability of the trout culture 

in net cage was significantly higher in higher density cages 

(20 fish.m-3) (Fig 8). 
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Fig 8: Growth trend in total stock in different stocking density (10, 15 and 20 fish.m-3) during culture period from January 1 to April 1, 2020 at 

Khopasi Reservoir, Nepal. 

 

Due to a short period experiment cost analysis was based on 

fingerlings and feed cost. Net income was US$ 1.81, 2.18 and 

3.01 m-3 from 480, 720 and 960 fish stocked cages with B/C 

ratio 1.20, 1.16 and 1.17, respectively in this study, where 

selling price was US$ 8.52 kg-1, which is a farm gate price in 

most of the trout farms in the country (Table 5). 
 

Table 5. Cost-benefit of trout culture during winter-spring in small reservoir of Khopasi Nepal. 
 

Variable cost 
  

Quantity Amount (US$)* 

SN Description Unit Price (10/m3) (15/m3) (20/m3) (10/m3) (15/m3) (20/m3) 

1 Fish seed Nos 0.71 480 720 960 339.53 509.29 679.05 

2 Fish feed Kg 1.11 91.78 127.96 147.04 101.68 141.77 162.90 

Total variable cost US$ 
    

441.21 651.06 841.96 

3 Fish production Kg 
 

62 88.7 115.8 
   

4 Gross Income US$ 8.52 
   

528.38 755.92 986.88 

5 Net Income US$ 
    

87.17 104.87 144.92 

 
Net Income/m3 US$ 

    
1.82 2.18 3.02 

 
B/C Ratio 

     
1.20 1.16 1.17 

*US$ 1= NPR 117.34 (02 Oct 2020) 
     

 

 
 

Fig 9: The change in water temperature in the Khopasi Reservoir during the period from January 1 to April 1, 2020. 
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Fig 10: Dissolved Oxygen (mg/L) and pH value for 4 months during cage culture period of rainbow trout in Khopasi reservoir, Nepal (2020). 

 

4. Discussion 

Based on the value of length-weight relation, K factor and 

absolute growth rates in this study it can be concluded that 

rainbow trout in cages in Khopasi reservoir can be reared 

successfully in winter-spring season. There are enough 

evidences available to suggest the null hypothesis is not 

rejected at the 95% confidence level. The length-weight 

relationship indicated a high degree of positive correlation 

between these two parameters (Table 2, Fig 1, Fig 2, Fig 3A, 

B, C). The pattern of length-weight relationships were within 

the range reported in earlier studies by Cren [17], Kljajic et al. 
[29], Sharma and Bhat [23].  

Past works showed the value of exponent ‘bʼof length–weight 

relationship fluctuates between 2 to 4 [30]. If the value is < 

3.0, fish become slimmer, slender and lengthier with 

negatively allometric growth, while > 3.0 indicates that the 

fish is wider or deeper with positive allometry with a rounder 

or slimmer body [31]. In isometric growth the body parts grow 

in the same proportion in all dimensions [20, 32-37]. The value of 

‘b’ in present study ranged between 2.265 to 2.853 (Table 3) 

showing a slightly negative allometric growth. Based on these 

interpretations, the present length-weight relationship ‘b’ 

value might reflect somewhat stressed conditions in the cages.  

The feed supplied to the trout requires highly balanced with 

high protein or complete diet [29, 38]. Otherwise, high FCR 

should make lowers by supplying the quality feed. Wynne [7] 

suggested that trout should be fed the feed consist of 38% CP 

and 12% fat at the rate of 2-5% of their body weight in cages 

and feed should be reduced when water temperature drops 

below 10 °C during mid-winter. However, fish totally depend 

on local pellet feed having 33% CP with 11% moisture and 

only 7.2% lipid for their growth in this study. Quality of feed 

with level of protein and other nutrients should be improved 

for further studies. FCR was expected 1.5:1 to 2.3:1 feed to 

fish by Wynne [7] and he stated that FCR in cage-fish may be 

less efficient when sinking feeds are used.  

Other than feed, the water temperature (Fig 9), dissolved 

oxygen and pH (Fig 10) were within the optimum range. In 

some studies, where rainbow trout showed negative allometric 

growth, has been explained that in some phase of the life fish 

may show such a trend [23,24]. The exact relationship between 

length and weight differs among species and according to 

their inherited body shape, and within a species according to 

the condition or robustness of individual fish [39]. These 

fundamental features were considered to make basic ideas for 

conceptualizing the present study.  

For well-being of the trout the condition factor is expected to 

be higher than 1.0 [40]. According to Barnham and Baxter [25], 

if the K value is 1.60; 1.40; 1.20; 1.0 and 0.80, these indicates 

excellent and trophy class fish; a good and well-proportioned; 

a fair; poor long and thin; and finally extremely poor fish 

having disproportional large head and narrow skinny body, 

respectively. The present range of K value, 1.177-1.233 in 

harvesting month, April (Table 4) clearly indicated the 

suitability of the environment for rainbow trout in cages 

installed in reservoir for good growth. However, it might be 

argued that the trout cultivation in cages require more 

attention in various aspects to be ranked as an excellent 

trophy or a good and well-proportioned class fish for 

maximizing the benefit [25]. 

Besides the confirmation by length-weight relationship, the K 

factor, feasibility and suitability of rainbow trout growth in 

cage culture was examined and it supported by the absolute 

growth rate (AGR) parameter. The AGR in terms of gain the 

total length and body weight in present study were within the 

range as suggested by earlier studies [41]. However, the AGR 

may vary depending on age, size, feed, water quality etc in 

rainbow trout. In present study we reared the fish in 

substantially low densities than previous studies where the 

growth were examined at 120, 160 and 200 fish.m-3 densities 

with high stocking individual weight of 100 g average body 

weight [41]. Soderberg and Meade [42] showed no density 

effects on growth rate in Atlantic salmon. Contrarily 

Trzebiatowski et al. [21] showed that growth and survival of 

rainbow trout depend inversely to the stocking density when 

stocked in higher density such as 150, 300, 600 and 900 m-3.  
According to Beem and Gebhart [16] the upper stocking limit 
of trout in cage generally considered to be 523 fish per cubic 
meter, but recommends lower stocking density if cage has to 
be installed in smaller water body. In small reservoirs, it is 
more likely to have poor dissolved oxygen (DO) supply for 
fishes. Since we worked in a small and shallow reservoir for 
growing first time, therefore the stocking density kept low 
with average stocking size, 57.6 g each. Schuler [43] examined 
absolute growth rate in cages having stocking densities of 35, 
52, and 70 fish.m-3 where the mean daily weight gain was 
0.32 to 0.46 g. The daily weight gains per fish were 2-3 times 
higher in present study comparing to the findings of Maher 
[11]. Barnham and Baxter [25] suggests that the K value can be 
used in determining the stocking rate of trout in particular 
water, if the K value reaches an unacceptably low level the 
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stocking rate can be reduced accordingly until the K value 
improves and reaches an acceptable level. Larger values of K, 
indicates better physiological condition while the low value 
suggest stressed, diseased or stared condition due to higher 
stocking density or unsuitable environment such as 
mismatching water temperature, and other aquatic conditions, 
pollution or poor food sources.  
Absolute growth rate (AGR) in length of fish was somewhat 
low in the cage having stocking rate of 20 fish.m-3. The 
reason for this low growth is not clearly known. The results of 
some studies observed higher growth rate in fish cages where 
demand feeder were installed to feed the trout [11, 40]. We 
implied only the hand feeding in present study. Cren [11] 
depicted that fish exhibit highly proportionate growth in 
length and weight representing the surrounding environment 
or farming conditions or habitat or water quality, climate, feed 
and stages of maturity. The exact relationship between length 
and weight differs among fish species according to inherited 
body shape and within a species according to the condition 
(robustness) of individual fish.  
Besides the length-weight relationship and condition factor 
additionally an aquaculturist desire to examine the AGR in 
terms of gram or centimetre per day unit for numerical 
representation of growth. Usually small and large fish have 
low absolute growth rates while fish of intermediate sizes 
have higher absolute growth rates [18]. The estimate of 
absolute growth rate (AGR) in terms of body weight and total 
length in present study were within the satisfactory range 
targeting to produce approximately 200 g average size trout at 
harvesting.  
 

5. Conclusion 
The present study showed that the rainbow trout can be reared 
in cages in shallow reservoirs especially during winter-spring 

season when temperature (10-20C), DO (8-9 mg/L), pH (6-
9), turbidity, alkalinity etc. are within the range. This 
preliminary study gives an idea that the rainbow trout can be 
stocked at 10-20 fish.m-3 to achieve high survival 

(96.61.7%), good growth rate (0.80 g per fish) with fair 

condition factor (1.20.1) and reasonable productivity (8927 
kg per cage). Regression models indicated that productivity 
can be increased by increasing stocking density beyond 20 
fish.m-3. With a view to enhancing productivity and taking 
advantage of economy of scale, more comprehensive research 
should be done applying higher densities, different feeding 
rates/methods and also conducting for longer period which 
may further enhance the productivity thereby profitability. 
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