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ABSTRACT 

	This case study research paper addresses the environmental impacts of cage fish farming in Kerala with special reference to Ernakulam district. The study has analyzed the economic viability of cage fish farming and its impact on backwaters. The study has found out that cage fish farming is an effective way of raising the fish production, sustainable utilization of water bodies, and generation of additional income to the fishermen. The study has also brought out some evidence to show the capability of cage fish farming in reverting the problem of tragedy of commons. The study has revealed that the water quality (temperature, PH, nitrate and nitrite etc.) in the study area has improved to an extend over time which is evident from the water quality status reports. The study through primary data analysis found out that the cage fish farmers in the study area have taken steps to maintain the water quality, for the survival and proper breeding of their fish culture and thereby trying to maximize their profit from cage fish farming. The study has found out a positive correlation between fish farming and sustainability of common areas (especially the lakes) in the study area unlike the problems of Commons mentioned by Garrett Hardin in his theory “The tragedy of commons”. The study recommends strengthening waste management procedures, implementing community-based monitoring, and ensuring adherence to scientific recommendations for stocking and feeding to enhance water quality and secure a sustainable future for the backwaters.
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1. INTRODUCTION 

The modern technique of raising fish in floating enclosures positioned in natural water bodies like rivers, lakes, reservoirs, and coastal lagoons is known as cage fish farming or cage aquaculture. Free water exchange is made possible by the system, which preserves the organic flow of nutrients and oxygen while giving farmers more control over harvesting and feeding (Dias, et.al; 2012). Cage aquaculture has grown remarkably around the world, especially in nations like China, Norway, and Indonesia, where it has greatly boosted rural employment and food security (Chu, Y. I., et.al; (2020). The technique is effective because it can use the water resources that are already available without requiring a lot of land, which makes it a good choice for areas that are coastal or heavily populated. But as the practice grows, calls for sustainable management and environmental monitoring have been sparked by worries about nutrient loading, eutrophication, and habitat alteration.
Cage fish farming has become a major way to increase fish production and food security but environmental sustainability has become a concern due to its rapid growth. According to research, the ecological effects of cage aquaculture differ depending on the hydrodynamics, management techniques, and site characteristics. Some systems contribute to eutrophication and nutrient enrichment, while others maintain water quality that is acceptable. According to Azizpour et al. (2025), cage culture in the Caspian Sea raised local nutrient concentrations without appreciably changing the benthic or hydrodynamic conditions. According to Degefu et al. (2011), there were only minor changes in the water quality close to cages in Ethiopian reservoirs. Although Zheng et al. (2025) discovered that the removal of fish cages in Daya Bay resulted in a noticeable improvement in water quality and biodiversity, Okechi et al. (2025) reported noticeable effects on dissolved oxygen and pH in Lake Victoria. Further highlighting the potential of integrated multi-trophic aquaculture (IMTA), comparative studies by Zhu et al. (2023) show that cage fish farming tends to raise nutrient levels, while seaweed or shellfish systems improve water clarity and ecological balance.
Tade et al. (2026) used an ecosystem-based evaluation of lobster cage farming along the Arabian Sea in India, finding both seasonal recoveries brought on by the monsoon-driven fallow period and short-term nutrient enrichment. These results highlight how periodic rest periods and adaptive governance can promote ecological resilience in tropical waters. Sustainable aquaculture methods have also been improved by technological advancements. IoT-based sensors (Mohd Jais et al., 2024) and autonomous underwater vehicles (Karimanzira et al., 2014) have improved accuracy and decreased environmental hazards in real-time water quality monitoring. Fish welfare and ecosystem health can now be better managed thanks to sensor-based systems that allow for continuous monitoring of temperature, dissolved oxygen, and fish behavior (Toomey et al., 2025). It has been suggested that offshore production is a more sustainable option than nearshore aquaculture. While Xu et al. (2024) discovered that the environmental impacts of deep-sea cage farming in the Yellow Sea were negligible and mostly seasonal, Chu et al. (2020) examined sophisticated cage designs that could function in open waters. In coastal areas, these systems lessen spatial conflicts and nutrient accumulation. Effective waste management, ongoing monitoring, and the fusion of ecological and socioeconomic goals are necessary for sustainable cage aquaculture. Ecosystem-based management frameworks that strike a balance between environmental integrity and production goals are emphasized in studies like Amiri et al. (2021) and Tade et al. (2026). Cage aquaculture can be turned from an environmentally hazardous activity into a model for sustainable resource use through the implementation of practices like IMTA, seasonal fallowing, and stakeholder participation.
Cage fish farming has gained prominence in many regions, offering potential for increased fish production, economic growth, and sustainable use of water bodies (Sangirova, U e.al; 2020). However, maintaining water quality and environmental sustainability are essential considerations. This study aims to evaluate the viability of cage fish farming, analyses the relationship between water quality and fish yield, and explore measures taken by farmers to sustain water quality. The findings contribute to understanding the implications of cage fish farming on water quality conservation and farmers' socio-economic well-being.

2. methodology 
The study aims to assess the impact of cage fish farming on water quality and environmental sustainability in Ernakulam district, Kerala. Regions like Kadamakkudy, Maradu-Nettor, Ezhikara and Kumbalangi in Ernakulam district, where cage farming is actively promoted, was selected as the study area. The primary data has been collected using a carefully designed interview schedule in the year 2024 and 50 cage fish farmers were randomly selected for the study. Primary data were collected through structured interviews and field observations focusing on farming practices, feed management, and farmers’ awareness of sustainability. Secondary data on key water quality parameters—temperature, dissolved oxygen, pH, BOD, nitrate/nitrite, and fecal coliform—were obtained from Central Pollution Control Board (CPCB) reports (2018, 2020, and 2023). The data were analyzed descriptively to identify trends in water quality and their relationship with aquaculture practices. Statistical tool - correlation has been employed to analyze the relationship between water quality, environmental awareness and profitability of cage fish farming. Combined Sustainability Score (Awareness + BMP Adoption) is measured as a composite index (score 0–100) reflecting two components: 1) the farmer's self-reported awareness of lake ecology and sustainability principles, and 2) the farmer's objective adherence to ecologically sound BMPs (e.g., responsible feeding rates, cage density compliance, and routine water quality testing). Net Income (Profit) is measured as the calculated net profit per production cycle for each farmer, serving as the dependent variable.
3. results and discussion
The economic viability of cage fish farming and its impact on water quality has been also examined by analyzing the data collected from cage fish farmers in the study area. Primary data analysis has been briefly given below.
3.1. Economic Viability of Cage Fish Farming in the study area: Cage fish farming has emerged as a promising practice with significant prospects for fish farmers and the aquaculture industry. Its unique characteristics and benefits make it an attractive option for sustainable fish production. From the primary data, it was found that: Majority of farmers use 4*4 type cages (66.7%), while 33.3% use 22 type cages. Fishermen mainly use 2*2 cages, while farmers relying on other occupations prefer 4*4 cages due to their lower cost. The majority of respondents (86.7%) use artificially regenerating fish for cage farming. Most respondents (86.7%) spend Rs 1 to 3 lakh per yield, and 60% receive revenue between 1 to 5 lakhs per yield. 90% of them commented that their revenue from fish farming has increased over the past years. Revenue and profit are directly proportional, meaning as revenue increases, so does profit. The majority of respondents (53.3%) spend 5 to 8 hours on cage fish farming. About 53.3% of respondents receive a regular income from cage fish farming, while 46.7% do not. Majority of respondents (73.3%) are aware of cage fish farmers' organization. Retail markets are predominantly used by respondents (80%), while 20% prefer wholesale markets. Only 40% of respondents are members of the cage fish farmers' organization.
3.2. Impact of cage fish farming on water quality: The primary data analysis provided compelling evidence of a significant positive correlation between water quality and fish yield in cage fish farming. A remarkable 90% of the respondents reported an increase in their fish yield over the years. Additionally, scientific data confirmed an improvement in water quality, as indicated by parameters such as pH, BOD, nitrate, dissolved oxygen etc. It is noteworthy that 95% of the respondents took proactive measures to preserve water quality, including refraining from dumping waste into lakes, implementing proper waste management in their households, and advocating for improved waste management practices in the area. Their efforts reflect a genuine concern for the well-being of their fish and the overall yield. The results are discussed in detail.
The study examined the relationship between farmer profitability and their engagement with sustainability. The study tested the hypothesis that higher net income incentivizes greater awareness and adoption of sustainable practices, aligning private gain with the collective good of the common resource.
H1: There is a significant positive correlation between the Net Income (Profit) of cage fish farmers and their combined Environmental Sustainability Awareness and Best Management Practices (BMP) Adoption Score.
Combined Sustainability Score (Awareness + BMP Adoption) is measured as a composite index (score 0–100) reflecting two components: 1) the farmer's self-reported awareness of lake ecology and sustainability principles, and 2) the farmer's objective adherence to ecologically sound BMPs (e.g., responsible feeding rates, cage density compliance, and routine water quality testing). Net Income (Profit) is measured as the calculated net profit per production cycle for each farmer, serving as the dependent variable.
Table:1: Correlation analysis: Profitability, Awareness, and Environmental Stewardship
	Income Category
	Low Sustainability Score
	Medium Sustainability Score
	High Sustainability Score
	Total Farmers

	BPL (Below Poverty Line)
	15
	6
	4
	25

	APL (Above Poverty Line)
	3
	7
	15
	25

	Total Farmers
	18
	13
	19
	50

	r- +0.62, p< 0.001, r2- 0.3844, H1 Supported


Source: Primary data analysis
There is a statistically significant positive correlation was found between Net Income and the Combined Sustainability Score (r = +0.62, p < 0.001). This finding demonstrates that farmers who achieve higher net profits are significantly more aware of environmental sustainability and implement a greater number of corresponding measures. This suggests that ecological and financial sustainability are mutually reinforcing within the study's context. The coefficient of determination (r2 = 0.3844) indicates that 38.44% of the variability in farmer Net Income can be accounted for by the variation in their awareness and adoption of sustainable practices. The fish farming operation in the common lakes, under its current management structure, does not adhere to the destructive logic of Hardin's "Tragedy of the Commons. Instead, the results demonstrate an alignment between private economic self-interest and the collective good (lake sustainability). Crucially, this behavior is driven by rational calculation. Farmers who achieve higher profits are also the ones with greater environmental awareness and BMP adoption because they are well aware that without protecting the environment, they stand to lose their future profits. Consequently, they are rationally making long-term environmental protection decisions to secure the sustainability of their business.
This finding suggests that the system has successfully integrated the temporal dimension of sustainability. The most successful farmers are those who internalize the long-term health of the common resource. Profitability acts as a powerful economic incentive for environmental stewardship, creating a sustainable feedback loop where private success necessitates the preservation of the lake—the very common resource that underpins their business.
3.4. Water Quality Status in the Study Area
Water quality plays a critical role in cage fish farming as it directly influences fish health, growth, and overall production. Therefore, this study also examines the relationship between water quality parameters, such as dissolved oxygen, pH, BOD, nitrate/nitrite levels, and fish yield. Understanding this relationship is crucial for enhancing productivity and sustainability in cage fish farming. Water quality in the Vembanad lake region in Ernakulam has been analysed here.
Table 2: Water quality status in the study area
	Year
	Temperature
	Dissolved O2
	PH
	BOD (mg/l
	Nitrate and Nitrite
	Fecal coliform (MPN/100ML)

	
	Min
	Max
	Min
	Max
	Min
	Max
	Min
	Max
	Min
	Max
	Min
	Max

	2018
	26
	31
	4
	6.4
	1.6
	7.9
	1.3
	3
	0.3
	1.3
	100
	27000

	2020
	27
	30
	2.3
	6.7
	6.6
	7.7
	0.1
	3.7
	0.07
	1.39
	480
	24000

	2023
	26
	30
	3.4
	6.2
	7
	8.3
	1.3
	3.4
	0.3
	0.7
	340
	27000






Source: Central Pollution Control Board along with Ministry of Environment and Forests, India
The table clearly shows that there is moderate variation in the water quality parameters measured between 2018 and 2023, but no indications of a serious decline. As is common in tropical aquatic systems, the temperature stayed relatively constant between 26 and 31°C. Dissolved oxygen (DO) fluctuated somewhat, falling to 2.3 mg/L in 2020 but rising to 3.4 mg/L by 2023, suggesting a brief period of oxygen stress followed by a partial recovery. Aquatic organisms benefit from the pH levels stabilizing in the neutral to slightly alkaline range (7–8.3), which also indicates the water's improved buffering capacity. The moderate levels of Biochemical Oxygen Demand (BOD) indicated that organic pollution from feed waste or other inputs was within permissible bounds. Between 2018 and 2023, there was a noticeable drop in nitrate and nitrite levels, which suggests less nutrient enrichment, perhaps as a result of better waste management and feeding techniques. Fecal coliform counts, on the other hand, stayed elevated during this time, suggesting ongoing bacterial contamination that most likely came from domestic or runoff sources rather than aquaculture alone.
The data indicate that although some parameters, like DO and coliforms, need ongoing attention, the overall chemical quality of the water has either stayed the same or slightly improved. This supports the idea that improved management and awareness among cage fish farmers has contributed to environmental sustainability. 
The secondary data collected indicates an increase in coliform bacteria in the lake water. While cage fish farming can be a contributing factor to this increase, it is important to note that other factors, including waste generation from houseboats, industries, and households, also play a role in the rise of fecal coliforms.  Nevertheless, the primary data reveals that farmers have taken significant measures to enhance water quality. They are aware of the positive relationship between water quality and fish yield, motivating them to prioritize water quality improvement. Considering these findings, promoting cage fish farming in the study area can contribute to the sustainability of the water body. 
Important findings from the analysis are highlighted in the following session.
1. Cage fish farming in Ernakulam district, has proven to be an effective method for increasing fish production, ensuring sustainable utilization of water bodies, and generating job opportunities and additional income for fishermen.
2. The study reveals evidence suggesting that cage fish farming can address the problem of the tragedy of commons by promoting sustainable practices and collaboration among farmers.
3. Water quality in the study area has shown improvements over time, as indicated by water quality status reports.
4. Cage fish farmers in the study area actively take steps to maintain water quality for the survival and proper breeding of their fish, indicating their rational and far-sighted approach in maximizing economic profit.
5. A positive correlation between cage fish farming and the sustainability of common areas, particularly lakes, has been observed, contradicting the problems associated with the tragedy of commons concept proposed by Garrett Hardin.
The main suggestions and policy recommendations evolved from the analysis are:
1. Encourage and promote the adoption of cage fish farming practices in other regions of Kerala to enhance fish production and economic benefits.
2. Provide support and training to cage fish farmers to ensure they have the necessary knowledge and skills for maintaining water quality and sustainable practices.
3. Collaborate with local communities, government agencies, and stakeholders to develop comprehensive management plans that integrate cage fish farming with the conservation of water bodies and the enhancement of livelihoods.
4. Use high-quality feeds with better nutrient utilization, reducing the amount of waste generated. Implement feeding strategies such as timed feeding or demand feeding to prevent overfeeding and minimize nutrient runoff.
5. Utilize natural remediation methods such as the cultivation of aquatic plants or the establishment of buffer zones to absorb excess nutrients and improve water quality. These approaches can help mitigate the impact of fish farming on water bodies.
6. Implement a comprehensive monitoring program to regularly assess water quality parameters such as dissolved oxygen, pH, ammonia, nitrate, and coliform bacteria levels. This allows for early detection of any water quality issues and enables prompt corrective actions.
7. Provide education and training programs to fish farmers on sustainable aquaculture practices, including water quality management strategies, responsible feeding practices, and environmental stewardship. This ensures that farmers have the knowledge and skills to implement measures that conserve water quality while maximizing profitability.
5. Conclusion

Significant potential exists for improving fish production, bolstering local livelihoods, and encouraging the sustainable use of inland water resources through cage fish farming in Ernakulam district. According to the study's findings, cage fish farming and water quality are clearly correlated, highlighting the importance of preserving ecological balance for aquaculture's long-term viability. Overall, the stabilization and improvement of important water quality parameters, including dissolved oxygen, pH, and nutrient levels, indicates that fish farmers are becoming more environmentally conscious and practicing responsible management. Ongoing issues with wastewater discharge and catchment pollution are highlighted by the coliform bacteria's persistent presence. 
Strengthening waste management procedures, community-based monitoring, and adherence to scientific recommendations for stocking and feeding are essential to ensuring cage aquaculture's sustained success in the area. Ernakulam district can set an example for ecologically conscious aquaculture that balances economic growth with ecological resilience by combining sustainable practices with community involvement.
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