


Assessing the Economic Viability of Cage Culture in Manasbal Lake, Kashmir, India: Lessons for Future Success

Abstract 
Cage aquaculture has flourished well across the globe. In India, inland open-cage aquaculture has gained prominence. The country has started seeking cage potential in untapped lakes and reservoirs to increase fish production, meet the protein demand, and provide livelihood opportunities to local landless fishers. In this context, the Department of Fisheries, Jammu and Kashmir, started experimental cage farming in Manasbal Lake Kashmir in 2013-14. However, after completing the project in 2016-17, the cage farming practice in the lake was stopped. Considering this, an economic analysis of the experimental cage culture was mandatory to know the reasons for its failure and suggest evidence-based interventions to avoid such shortcomings for other temperate water bodies in the country. The net present value (₹ -713844), benefit-cost ratio (-0.97), internal rate of return (<0%) and negative payback period (-5.94) showed non-economic viability and poor financial performance of the venture in the region. Feed expenses formed the highest cost component of  ₹ 302170 (86.27%) among variable costs, followed by permanent human labour of ₹ 2 lakhs (51.53%) among the annual fixed costs. The production of one kilogram of fish required ₹ 220, which remunerated ₹ 120 as revenue. Future research could focus on developing locally-sourced feed ingredients and creating cost-effective floating feed formulations that meet the dietary needs of exotic carps, particularly for cage culture in lakes like Dal, Manasbal, and Wular in Kashmir. Proper utilization of scientific knowledge can help to improve the economic viability of cages in the region. Besides, other livelihood opportunities can also be provided for local fishers by modifying the cage for recreational purposes. 
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1. Introduction
Cage culture is a farming practice in which aquatic organisms are reared in an enclosed space, surrounded by a cage frame as support and nylon nets through which free exchange of water from the water body to the cage and vice versa takes place. The bottom of the enclosed nets never touches the ground and is at least 1 meter above the soil water interface (NFDB, 2016). The main aim of this intensive aquaculture practice is to meet the protein demand of the increasing global population by augmenting fish production (FAO, 2020; Wang et al., 2024). Out of the total global production of 178 million tonnes (MT) of aquatic animals in 2020, 88 MT (49%) is contributed by marine as well as inland aquaculture, of which 66 MT (37%) comes from inland waters (83% aquaculture and 17% capture fisheries). However, the production contribution of Global cage aquaculture to the inland sector is not available (FAO, 2024). And out of the total first sale value of USD 406 billion, inland aquaculture contributes USD 109.8 billion (FAO, 2022). Inland aquaculture in cages originated two centuries ago when Asian people used to hold and transport fish from one place to another. However, the commercial cage farming practice started in Norway during the 1970s with the expansion of salmon culture (Tacon and Halwart, 2007). In the global context, Indonesia and Philippines have shown significant development in cage farming practice over the last two decades (FAO, 2022).   
Globally, India ranks 3rd (7.96%) in fish production and 2nd in culture production. The country produced 14.73 Million Metric Tonnes (MMT) in 2020-21, out of which 11.25 MMT are from the inland sector and 3.48 MMT from the marine sector, respectively. There has been a continuous increase in fish production in the country ranging from 5.6 MMT in 2000-01 to 14.73 MMT in 2020-21. During the last three decades, there has been a shift from capture to culture fisheries in the inland water resources of the country (DoF, GoI 2022; FAO, 2023). 
India has vast inland water resources in the form of lakes and reservoirs (3.51 million ha), and floodplain wetlands (> 5 lakh ha) spread across 45,000 km of river stretches (CIFRI, 2018). To provide new employment opportunities and meet the protein demand of the growing population. Many efforts and technological interventions were made from time to time to optimally harness the untapped inland water resources and increase fish production across the country (NFDB, 2016). One of the efforts that are catching the eyes of policymakers and fish producers of the country is that of cage farming practice in these inland open water resources (DAHDF, 2016; NFDB, 2016). Presently, National Fisheries Development Board (NFDB), India’s autonomous fisheries organization has been successfully taking several initiatives for cage farming in states like Jharkhand, Chhattisgarh, and Assam and has been able to increase fish production and productivity, hence providing alternative livelihood opportunities to local fishers (NFDB 2016; NFDB, 2023).
The economic viability of cage aquaculture in India is determined by site selection (Aswathy et al., 2020), water quality parameters (Kumari et al., 2021; Aswathy et al., 2020), region-wise suitable fish species, seed availability (Aswathy et al., 2015), stocking density (Mane et al., 2019; Durai et al., 2021; Upadhyay et al., 2022) and feed quality (Gawa et al., 2021a; Aswathy et al., 2015). The Indian Council of Agricultural Research Institutes (ICAR) like the Central Inland Fisheries Research Institute (CIFRI), Central Institute of Fisheries Education (CIFE) and Central Marine Fisheries Research Institute (CMFRI) are dedicated to conduct cage culture research to increase the fish production in different water bodies of India (CIFRI, 2023; CMFRI, 2020).  In economic terms, the profitability of any cage enterprise can be confirmed by looking at the values of economic indicators like benefit-cost ratio (BCR), net present value (NPV), payback period (PBP) and internal rate of return (IRR) (Lan et al., 2022; Musa et al., 2021; Bezerra et al., 2016; Aswathy et al., 2019; Gawa et al., 2021b; Natarajan and Joseph, 2020; Narayanakumar, 2009).
Under the blue revolution mission, surveys are being conducted throughout the country to provide valuable data regarding cage culture in inland open water bodies especially lakes and reservoirs (CIFRI, 2018). Keeping in view the cage suitable inland water resources in the form of lakes (60,000 ha) and reservoirs (7,000 ha) (Handbook on fisheries statistics, 2020), to meet the protein requirement by enhancing the livestock and fisheries production and provide alternate livelihood options to landless fishers. The Union Territory of Jammu and Kashmir started experimental cage farming in Manasbal lake of Kashmir under the Rashtriya Krishi Vikas Yojana (RKVY) sub-scheme that is National Mission for Protein Supplements (NMPS) in 2013-14 (DoF JK, 2023).  However, after the completion of the project in 2016-17, the cage farming practice in Manasbal lake was stopped due to unknown reasons. Thus, it was mandatory to analyze the economic viability of cage culture in Manasbal lake and come out with empirical evidence of its failure. The analysis was essential because no prior attempts had been made to identify the possible valid reasons behind the issues. Although the economic analysis focused on a project that was 7 years old, it was crucial to suggest potential remedies for enhancing fish production, ensuring livelihood security for landless fishermen, and promoting the region's overall development. Additionally, the study aimed to prevent the repetition of shortcomings encountered in this project in other temperate regions of the country. Given the significant investment made by the Government of India, it was important to ensure that such investments yield positive outcomes for the region's development, particularly for the fisheries sector. 
Freshwater Manasbal lake is located in the Safapora area of district Ganderbal, Kashmir, India. The lake is situated about 30 km from the district Srinagar; the summer capital of the Union Territory of Jammu and Kashmir with the coordinates 34o 15ʹN 74o 40ʹE (Tourism JK, 2023). A total of 12 cages were installed in the lake, in which one cage was converted into a floating shed to keep the feed and other necessary equipments. The shed also accommodates two persons to stay in during the night, for watch and ward purposes. The water holding capacity of 12 cages is 1152 m3 of which the volume of each cage (6 x 4 x 4 m) is 96 m3, so that 26 fingerlings m-3 can be stocked as per norms. In other words, a total of 30000 fingerlings of common carp (Cyprinus carpio), silver carp (Hypophthalmichthys molitrix) and grass carp (Ctenopharyngodon idella) were stocked, with a proportion of 10000 fingerlings each, respectively. The weight and price of each fingerling at the time of stocking were 10 grams and ₹ 1, respectively (DoF JK, 2023).  
2. Methodology
The data were collected in 2023 from reports and other relevant documents provided by the Department of Fisheries, Manasbal Centre (DoF JK, 2023). The information included details on fish stocking density across different cages, the quantity of feed provided, growth recorded at various intervals during the culture period, and investments made in different cage components such as nets, cage structures, and related infrastructure. In the results section, appropriate analyses were conducted to generate empirical evidence and recommend suitable policy measures. Besides revenue, the economic analysis of cage culture in Manasbal lake was done by calculating annual variable costs and annual fixed costs. Annual variable costs include the cost of seed, feed, interest on working capital and net mending and maintenance. Annual fixed costs include depreciation of cage frame and related equipments, permanent human labour and interest on fixed capital. Following basic equations are used to perform the economic analysis of cage culture in Manasbal lake.
1. Total variable cost (TVC) = Cost of seed, feed + Interest on working capital + Net mending and maintenance
2. Total fixed cost (TFC) = Depreciation + Permanent human labour + Interest on fixed capital
3. Total cost of production, TC = TVC + TFC
4. Gross profit (revenue) = ∑ (Q × P)
Where,  
Q = Quantity of fish produced in kg,          P = Price of fish per kg 
5. Net operating income = Gross revenue – Total variable cost
6. Net income (revenue) = Gross revenue – Total cost
7. Cost of production (Rs./kg) = Total cost / Yield
To assess the project's financial viability and potential profit, the Benefit-Cost Ratio (BCR), Net Present Value (NPV), and Payback Period tools used. NPV measures the difference between the current value of benefits and costs, helping to determine if a project is financially worthwhile—if NPV is positive, it means the project is profitable, while a negative value shows a loss. NPV gauges the difference between the current value of benefits and costs, assisting in deciding whether a project generates economic value over time—positive NPV signifies profitability, whereas a negative value indicates loss. BCR offers a relative efficiency measurement by contrasting the present value of benefits against costs; a ratio exceeding one implies that the project’s returns surpass its investments. The payback period illustrates the duration required to recoup the initial investment, providing insights into the project’s liquidity and risk—shorter durations are typically favoured for risk reduction. Collectively, these indicators provide a comprehensive evaluation of a project’s sustainability, profitability, and financial risk, making them critical in decision-making, especially in sectors like aquaculture and fisheries.
8.  BCR= {ΣiBi/ (1+r)i}/ {ΣiCi/1+r)i}
9.  NPV = {ΣiBi/ (1+r)i} - {ΣiCi/1+r)i} 
           Where, Bi is the total revenue earned at year i,     Ci is the total costs at year i,
                          i is the expected duration of culture in years,    r is the discount rate. 
10. Payback period  (PBP) = IE
Where, PBP = Payback period in years, I = investment amount, E = Expected annual net income
To evaluate the biological performance, growth efficiency, and feed usage of cultured fish species in the cages, metrics like Survival Rate, Weight Gain, Feed Conversion Ratio (FCR), and Feed Efficiency Ratio (FER) were utilised. Specifically, to assess the profitability, sustainability, and productivity of cage aquaculture in Manasbal Lake. The survival rate assists in identifying the percentage of fish that survived throughout the culture period, reflecting the success of management strategies, water quality, and disease control. Weight gain evaluates the growth performance of fish and showcases the efficiency of feed and environmental conditions. Feed Conversion Ratio (FCR) serves as an essential economic metric indicating how effectively fish convert feed into body mass—lower FCR values denote improved feed utilisation and reduced production costs. Conversely, Feed Efficiency Ratio (FER) is the reciprocal of FCR and shows how much weight is gained per unit of feed, with higher FER values indicating more effective feed conversion. The following equations were used in the study, along with their respective references.
11.    (Venkatachalam et al., 2018)
12. Weight gain (kg) = final weight - initial weight (Venkatachalam et al., 2018)
13.     (El-Ouny et al., 2023)
14.    (Zaman et al., 2022)
3. Results and Discussion
The cost of construction of a battery of 12 cages with a floating shed for storage of all inputs is ₹ 20 lakhs (Table 1). The highest cost comes from high-density polyethene (HDPE) cage frame ₹ 579906 (29%), followed by HDPE nets ₹ 450000 (22.5%). One-time installation charges that include transportation of cage-setup related materials and labour charges for cage construction, were ₹ 320000 (16%), succeeded by floating shed ₹ 194094 (9.7%), floats ₹ 160000 (8%), stone anchors ₹ 150000 (7.5%), mooring equipments ₹ 70000 (3.5%), HDPE nuts, bolts and  other accessories ₹ 39000 (1.95%), and HDPE ropes ₹ 37000 (1.85%).
Table 1. Initial investment of the cage culture at Manasbal (1152 m3)
	Items
	Investment in ₹ (%)

	HDPE cage frame
	579906 (29)

	Mooring equipments
	70000 (3.5)

	Stone anchors
	150000 (7.5)

	Floats 
	160000 (8)

	HDPE nuts, bolts and  accessories
	39000 (1.95)

	HDPE ropes 
	37000 (1.85)

	Floating shed
	194094 (9.7)

	HDPE nets
	450000 (22.5)

	One time installation charges
	320000 (16)

	Total initial investment
	2000000


 
Out of the total fish stock of 30000, a very good survival rate of 28363 (94.5%) was observed for one crop season which is better than the survival rate observed by Aswathy et al. (2015) in Kerala, India (80%), Das et al. (2022) in Meghalaya, India (80%) and Mane et al. (2016) in Dimbhe reservoir (65%) of Maharashtra, India. There was a total mortality of 1637 fishes throughout the culture period, of which the highest mortality rate was observed in November (18.33%), followed by January (17.96%), December (14.48%), March (14.11%), February (12.46%), May (12.16%) and lowest in April (10.51%). 
From Table 2, it can be observed that in March the fish stock started to gain more weight (541.33). It may be due to a rise in water temperature, as the month coincides with the spring season when the temperature rises from 0o to 20o C. Highest weight gain of the fish stock occurred in June 1422.95 kg, followed by May 1268.77 and the lowest in February 54.26 kg. The highest feed conversion ratio (FCR) can be observed in February (6.27) when the fish stock gained the least weight (54.26 kg). However, from March, FCR started to decrease and is in a quite good range due to favourable conditions of water temperature and food availability.
Table 2. Weight gain and feed conversion ratio (FCR) of fish stock in cages (for 8 months)
	Months (2013-14)
	Weight gain (kg)
	FCR

	Nov-13
	86.1
	2.67

	December
	55.85
	4.66

	Jan-14
	83.1
	4.09

	February
	54.26
	6.27

	March
	541.33
	1.85

	April
	880.95
	1.48

	May
	1268.77
	1.42

	June
	1422.95
	1.48


 
Table 3 shows the annual fixed cost worked out to be ₹ 388160, while the annual variable cost amounted to ₹ 350252. Among variable cost components, feed cost comprises of highest cost component of ₹ 302170 (86.27%), succeeded by seed cost of 30000 (8.57%), Interest on working capital 15082 (4.31%) and net mending and maintenance of 3000 (0.86%). Gawa et al. (2021) and Obiero et al. (2022) also found the feed cost as the single most important cost component in inland water cages of Jharkhand, India and Kenya respectively. In the case of annual fixed cost structure, permanent human labour forms the highest cost component of ₹ 200000 (51.53%), followed by depreciation ₹ 112560 (29%) and interest on fixed capital 75600 (25.93%).

Table 3. Cost structure for experimental cage culture at Manasbal lake (8 months)
	
	Cost components
	Amount in ₹ (%)

	Annual fixed cost
	Depreciation of frame and nets
	112560 (17.54)

	
	Interest on fixed capital (4.5%)
	75600 (25.93)

	
	Permanent human labour
	200000 (56.52)

	
	Sub total
	388160

	Annual variable cost
	Feed cost (one crop)
	302170 (86.27)

	
	Seed cost
	30000 (8.57)

	
	 Net mending and maintenance
	3000 (0.86)

	
	Interest on working capital (4.5%)
	15082 (4.31)

	
	Sub total
	350252



The biomass gained for 8 months was 3351 kg (Table 4). And the revenue generated  (₹ 402196) was less than the total cost (₹ 738412). Net income worked out to be negative (₹ -336216), indicating losses from the venture. The cost of production was found to be ₹ 220, in other words, ₹ 220 is required to raise one kilogram of fish which generates ₹ 120 as revenue. The authors could discuss factors such as feed costs, labour expenses, and other operational costs that contributed to the higher cost of production.
Table 4. Components of costs and revenue from cage culture in Manasbal lake (per crop)
	Particulars
	Amount (₹) /   kg

	Initial investment
	2000000

	Annual fixed cost
	388160

	Annual variable cost
	350253

	Total cost 
	738412

	Yield (one crop) 
	3352

	Price per kg
	120

	Gross revenue
	402196

	Net operating cost
	51944

	Net income
	-336216

	Cost of production (₹/ kg)
	220



The NPV was found to be negative with a value of ₹ -713844 lakhs. There is more loss than benefit from the venture, it can be supported by BCR value (-0.97%) and payback period (-5.94 years). It indicates the non-economic viability of cage culture in the region. Lan et al. (2022) also found similar results for cages installed in the inland waters of Taiwan. In addition, the feed efficiency ratio worked out to be 45.48%. It means out of the total feed given (7370 kg), only 45.48% (3352) is converted into fish biomass for one crop season of eight months. However, a study conducted on the economic viability of tilapia cage culture in Brazil reported contrasting results to those of the current study. Unlike in the present case, the NPV of tilapia cage culture in Brazil was positive ($10,837.85), with an IRR of 23.75%, indicating that cage culture in that region is economically feasible and profitable. (Castilho et al., 2020).
Table 5.  Key Economic Indicators of cage culture in Manasbal Lake
	S no.
	Criteria
	Manasbal cage culture

	1
	NPV (₹)
	-713844

	2
	BCR (%)
	-0.97

	3
	PBP (years)
	-5.94

	4
	IRR (%)
	Negative



4. Conclusion
The mortality rate of fish stock during the eight-month crop cycle was 5.5%, which is considered favourable and may be attributed to the good water quality of Manasbal Lake, reducing the likelihood of disease outbreaks. However, all economic indicators—net present value, benefit-cost ratio, internal rate of return, and payback period—reflected negative values, indicating that cage farming in this context led to financial losses over time. The venture required a high initial investment of ₹20 lakhs, making it a capital-intensive activity. Among recurring costs, feed expenses were the highest, comprising 86% of total costs, highlighting the feed-dependent nature of cage aquaculture. Poor growth observed during February, coinciding with the highest FCR (6.6), was likely due to reduced metabolic activity in colder temperatures, while growth improved visibly from March onwards. The annual fixed and variable costs were nearly equal, contributing 52.6% and 47.4%, respectively, to total costs. Ultimately, the cost of production was nearly double the revenue generated, confirming the non-economic viability of cage culture in Manasbal Lake under current conditions. 
Suggestions 
1. Although intensive cage culture is not suitable for Manasbal Lake as per NFDB guidelines, the primary objective of providing alternate livelihood opportunities to landless fishers can still be achieved. This objective can be achieved by modifying the cage system from rearing to recreational purposes, such as eco-tourism and sport fishing.
2. A strong governance platform based on co-management principles should be established to manage recreational activities and ensure that the local community benefits equitably.
5. Future research should focus on developing locally-sourced feed ingredients to reduce dependency on commercial feed and creating cost-effective floating feed formulations that meet the nutritional requirements of exotic carps, particularly in cage culture systems.
6. Emphasis should be placed on floating feed, as it remains on the water surface for a longer time, allows fish to recognize and consume feed at their convenience, reduces feed wastage and promotes faster growth, helping fish reach market size efficiently.
7. Spring season (March) is the most suitable time for stocking, as it offers favourable growth conditions and enhances feeding response.
8. The feed percentage or quantity should be based on the continuous or daily biomass of each fish species, rather than on monthly estimates.
9. To enhance the economic viability of cage culture in other eligible lakes like Dal and Wular:
a. Maintain daily records of feed given and weight gained for each fish species.
b. Use these data to develop standardized feeding schedules for exotic carps suited to temperate lake conditions.
6. Harvesting of fish should be conducted by the end of the summer season (September), when water temperatures begin to decline and fish reach marketable size.
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