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Abstract 
This experiment of four months on Oncorhynchus mykiss stocking density, growth performance, and 

survival rate were measured in the cages of Koldam Reservoir in Bilaspur, Himachal Pradesh. During 

this study, 10,000 rainbow trout fingerlings with an average weight of 5g were raised in net cages with 

size of 643 meters long. This experiment was performed just to understand the survival rate and growth 

of rainbow trout under cages (Koldam Reservoir) in lentic conditions with minimum flow of water 

during these months. Moreover, many factors influenced survival rate and growth of Rainbow Trout (O. 

mykiss) fingerlings, including water quality parameters such as water temperature, pH and food quality 

under cage culture. In the current study, the total average weight gain was 33 g, and the total average 

length gain was 17cm throughout the study period. Despite a total stocking density of 10,000, just 30% of 

the fish fingerlings survived in the cages of Koldam Reservoir in Bilaspur, Himachal Pradesh. The most 

critical element impacting growth was temperature, which resulted in considerable death of fish 

fingerlings in cages during early phase of study. 
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Introduction 

The Indian fishing industry contributes significantly to the country's economy by providing a 

living for a substantial portion of the economically disadvantaged population, important 

foreign exchange, and employment to millions of people (Ayyappan and Diwan, 2006) [2]. 

There are around 10,000 km of streams and rivers, 20,500 ha of natural lakes, 50,000 ha of 

natural and constructed reservoirs, and 2500 ha of brackish water lakes at high altitude 

(Mahanta and Sarma, 2010) [13]. Coldwater fisheries are essential in India's fishing industry. 

Cages are enclosures in which the bottom and sides are enclosed by wooden, wire mesh, or net 

screens (Beveridae and Little, 2002) [4]. They have grown in popularity in recent years because 

they ensure a high rate of retrieval of stocked fishes and can be practiced in inland open water 

bodies such as freshwater ponds, lakes, and reservoirs (Schmittou, 1991) [18]. A gravity fish 

cage system is made up of four parts: a float collar system, a cage net system, a sinker system, 

and a mooring system. The float collar system, which provides buoyancy, and the sinker 

system, which provides weight, keep the overall cage system stable (Olivares, 2003) [17]. Cage 

culture is significant in the cultivation of high-value fin fishes and has recently achieved broad 

favor due to the development of low-cost cages in coastal locations. CMFRI pioneered cage 

culture in India in 2007 with the installation of marine cages at Munambam in Ernakulam 

District, Kerala, with the assistance of the Department of Animal Husbandry, Dairying, and 

Fisheries (DAHD&F), Ministry of Agriculture, Government of India. The CMFRI's successful 

front-line demonstrations of cage farming in coastal waters in 2009 led to its widespread 

adoption in brackish water locations as well. Cage culture is the practice of rearing fish in 

existing water resources while contained in a net cage that permits free passage of water. It is 

an aquaculture production system that consists of a floating frame, net materials, and mooring 

system (with rope, buoy, anchor, and so on) with a circular or square shape floating net to 

contain and culture a large number of fishes and may be deployed in a reservoir, river, lake, or 

sea (Marte et al. 2000) [14]. The word 'coldwater' often refers to an aquatic system where the 

temperature is within the tolerance limits of trout and salmons from the Salmonidae family (20 

°C). Water temperature, dissolved oxygen, velocity, turbidity, substratum, trophic status, food 

availability, and other physical, chemical, and biological parameters influence the distribution 

and abundance of various cold-water species (Sundar et al. 1999) [20].  
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The fish may be artificially fed and can endure temperatures 

as high as 26.6 °C for brief periods of time. The key factors 

influencing the survival and production of naturalized 

populations in open waterways are water temperature and 

precipitation (Sehgal, 1999) [19]. Because Rainbow Trout, 

Oncorhynchus mykiss, is very easy to cultivate in a variety of 

aquaculture systems, it has become more popular and has 

been farmed in sea cages in the Black Sea from early 1990 

(Akabulut et al. 2002) [1]. Rainbow trout (Oncorhynchus 

mykiss) is a popular aquaculture species because to its various 

advantages, which include adaptation to the farming 

environment, reproductive efficiency, and disease resistance 

(Caimi et al. 2020) [5]. Rainbow trout have a long, thin body 

with an iridescent pink or red lateral line. They have silvery 

sides (sometimes with a greenish tint in landlocked 

individuals), a dark blue to olive back, and a white underside. 

Dark markings cover their sides and all of their fins (including 

their tail). Cage aquaculture will play an important role in the 

overall process of providing enough (and acceptable) fish for 

everyone, particularly because of the opportunities for 

integrating species and production systems in near shore 

areas, as well as the expansion possibilities with the 

installation of cages far from the coast. Cage culture has 

recently gained popularity as one of the most productive 

aquaculture techniques commonly utilized for intensive fish 

culture (Chua and Teng, 1980; Guo and Li, 2003) [7, 10], 

attracting the interest of both researchers and commercial 

producers. The significance of trout culture to our country has 

been well established. Cages have been a substantial 

contributor to output (Chua and Tech, 2002; Liao et al. 2004) 
[8, 12]. 

Hence, it is felt that more technological and engineering 

interventions in cage farming coupled with large-scale 

hatchery production of high value and fast-growing finfishes 

can pave the way for the development of cage farming 

industry in our country in near future. 

 

Materials and Methods  

Study Area 

The Koldam Reservoir, situated in a small village Kasol, 

Bilaspur, Himachal Pradesh. Since 2019, a total of 24 cages 

have been erected in the reservoir. Fish samples were 

collected throughout the year. 

 

 
 

Fig 1: Floating cages in Koldam Reservoir in Bilaspur, Himachal 

Pradesh 

 

During this investigation, the fish fingerlings were fed a 

pelleted floating feed called Growel (NUTRILA-Nutrition for 

Rainbow Trout). The feed was obtained from a private feed 

facility. The experiment lasted 120 days (from October 20, 

2021 to January 20, 2022). 

 

   
 

Fig 2, 3 and 4: Represents the Rainbow Trout fish feed 

 

Stocking Density 

The quantity of fry or fingerlings per unit of water space is 

referred to as stocking density, also known as per-unit 

stocking number of fish or stocking rate. It is often given as 

the weight of fish per mu. Ten thousand rainbow trout 

fingerlings with an average beginning weight of 5 g were 

grown in net cages measuring 643 m in length. 

 

Growth Performance 

Fish body weights per gram were measured at the start of the 

study and then every 15 days for the next 140 days to 

determine the growth rate of the fish fingerlings. During the 

study period, the following formulas were employed to 

calculate the growth performance of fish fingerlings: 

 

Average Weight Gain ((Nasrollahzadeh, 2008) [15] = (Average 

Final weight - Average Initial weight) 

Average Length Gain (Nasrollahzadeh, 2008) [15] = (Average 

Final Length – Average Initial Length) 

 

Survival Rate 

After 4 months of this study period, fish fingerlings were 

counted to determine the survival rate according to the 

following formulae (Cheikyula, 2003) [6]: 

 

Survival Rate =
Number of fish harvested

Number of fish stocked
× 100 

 

Water quality 

Important water quality parameters for cage culture has been 

estimated with the help of digital Temperature meter (℃), 

Secchi disk for Transparency (cm), digital meter for pH and 

Aquasol DO testing kit for DO (mg/l). 
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Results and Discussion 

The current study was done on Oncorhynchus mykiss for four 

months (October 2021 - January 2022), and its stocking 

density, growth performance, and survival rate were measured 

in the cages of Koldam Reservoir in Bilaspur, Himachal 

Pradesh. 

 
Table 1: Represents the weight and length measurements during the 

period of four months experiment (October 2021 – January 2022). 
 

S. No. October November December January 

Average Length Gain (cm) 9 11 13.5 17 

Average Weight Gain (gm) 7.5 19 25 33 

 

In this study, 10,000 fingerlings/cage Oncorhynchus mykiss 

fingerlings weighing 6g were supplied in September 2021. 

Fish, specifically Growel, were given more nutrition. The fish 

length was 9 cm and weighed 7.5gm during the first month, 

October 2021. The fish measured 11 cm in length and 19gm 

in weight in the second month, November 2021. Fish were 

seen to be 13.5 cm long and 25g in weight in December 2021. 

The largest length of fish seen during the last phase of the 

research was 17 cm, and the weight was 33gm. The fingerling 

survival rate in this research was 30% of the overall stocking 

density (10.000). As a result, just 3,000 fingerlings survived 

during this experiment.  

 

 
 

Graph 1: Represents the Survival rate of Oncorhynchus mykiss 
 

The growth performance and survival rate of Rainbow Trout 

(O. mykiss) fingerlings were impacted by many environmental 

variables such as water quality parameters such as water 

temperature, pH, food amount, and food quality. The weight 

growth in the current study was 33 g, and the length gain was 

17cm over the study period. Only 30% of the fish fingerlings 

survived in the cages of Koldam Reservoir in Bilaspur, 

Himachal Pradesh, despite a total stocking density of 10,000. 

Temperature was the most important factor influencing 

growth, resulting in significant mortality of fish fingerlings in 

cages. Fish development was clearly not a continuous 

component and might have been influenced by a variety of 

environmental elements (Physical, chemical/biochemical, or a 

mix of these) (Bajaj, 2017) [3]. One of the most important 

physical parameters influencing fish development and 

productivity was water temperature. For example, O. mykiss 

can survive in temperatures ranging from 1 to 26 °C. 

However, depending on the source, the "optimum" 

temperature for growth ranges from 13 to 21 °C (Viadero, 

2005) [21]. To the best of our knowledge, no previous research 

on growth performance or stocking density in this species 

during the fingerling stage have been identified. Various 

research, however, have been undertaken to determine the 

growth performance and survival rate of Rainbow Trout in 

various environmental situations. Kayim et al. (2007) [11] 

attempted four replicates of Rainbow trout culture in net 

cages with stocking levels of 4 kg m-3. At the end of the 

experiment, the live weight increment was calculated to be 

165.91g, and the specific growth rate was estimated to be 

0.915. Farabi et al. (2020) [9] investigated the growth 

performance and survival rate of rainbow trout 

(Oncorhynchus mykiss) in floating cages in the Caspian Sea's 

south. The results demonstrated that the development 

performance of Rainbow trout in floating cages was adequate 

in the brackish water of the Caspian Sea. Nepal et al. (2020) 
[16] installed three cages, 6 m 4 m 2 m in size, in a shallow-

reservoir developed for hydropower to analyze its 

development and productivity. For 91 days, trout juveniles 

weighing 57.615.4 g (average weight SD) were stocked and 

fed a 33% crude protein diet twice daily at a maximum of 3% 

of body weight. When stocked 10-20 fish.m-3, the results 

revealed that it is feasible to obtain excellent 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). 

 

Water quality parameters 

 
Table 2: Represents the water quality parameters during the period 

of four months (October 2021 – January 2022). 
 

S. 

No. 

Average 

Temperature ℃ 

Average 

Transparency (cm) 

Average 

pH 

Average DO 

(mg/l) 

1. 26 80 7.7 6.5 

2. 16 100 7.9 7.0 

3. 10 150 8.3 6.5 

4. 8 150 8.5 6.5 

 

Conclusion 

The Rainbow trout, Oncorhynchus mykiss, lives in cold water. 

The species can tolerate wide temperature variations (0-27 

°C), however spawning and growth occur in a limited range 

(9-14 °C). The ideal water temperature for rainbow trout 

cultivation is below 21 degrees Celsius. The fish were placed 

in warm water cages in the Koldam Reservoir in Bilaspur, 

Himachal Pradesh. During this investigation, the fish 

fingerlings were fed a pelleted floating feed called Growel 

(NUTRILA-Nutrition for Rainbow Trout). The growth 

performance of the fish fingerlings was higher as compared to 

the survival rate of the fish fingerlings. During this 

experiment, just 30% of the fingerlings or 3000 fingerlings 

survived. This was owing to the influence of unfavorable 

climatic conditions, with temperature being the primary cause 

of their high death rate during the starting period of 

experiment. 
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