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ABSTRACT

	Fish culture is a fast-expanding livelihood activity in India, playing a key role in income, jobs, and food security. Chhattisgarh has great promise for inland aquaculture, though its poverty-reduction effect is limited by socio-economic inequalities, institutional factors, and infrastructural constraints. The current research sought to analyze the socio-economic and demographic characteristics of fish farmers in the selected Chhattisgarh districts and determine most significant factors affecting their livelihood through factor analysis. The survey covered 243 respondents such as fish farmers, traders, consumers, policymakers, and researchers using a structured five-point Likert scale questionnaire. Descriptive statistics collapsed demographic and occupational data, while Exploratory Factor Analysis (EFA) applying Principal Component Analysis and Varimax rotation derived latent factors driving poverty-reduction outcomes.
Findings revealed that the majority of participants were young (25–34 years), male (64.6 %), and rural-dwelling (53.1 %) with mixed educational and professional backgrounds. Descriptive statistics revealed moderate consensus on the significance of government policies, access to technology, market linkages, and climate considerations to improve livelihoods. Factor analysis revealed two major components accounting for 59.3 % variance: (i) Economic Empowerment and Sustainable Livelihoods, and (ii) Institutional and Environmental Support Systems. The research concludes that aquaculture improves substantially the diversification of income, employment, and household resilience. Inclusive institutional support, training, access to technology, and climate-resilient culture are requirements. Capacity development, policy interventions, and public–private partnerships are suggested to enhance sustainable, inclusive, and equitable aquaculture-led poverty reduction.
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1. INTRODUCTION 

India is among the leading fish-producing countries of the world, making notable contributions to global fish culture production and providing food and nutritional security for millions of individuals (Ngasotter et al., 2020). The fisheries and aquaculture sector not only keeps livelihoods in motion but also makes important contributions to the national economy, employment, and rural development. As per the Department of Fisheries, the industry contributes around 1.24% to India's GDP and more than 7% of agricultural GDP, highlighting its socio-economic role in rural change (Bhattacharya et al., 2025). Under this context, Chhattisgarh, which has vast inland water resources in the form of ponds, tanks, and reservoirs, has been identified as a potential hotspot for freshwater aquaculture growth (Anand et al., 2020).
The rapid advancement of aquaculture in Chhattisgarh over the last two decades can be attributed to multiple policy initiatives and increasing farmer awareness. Government programs such as the Blue Revolution Scheme and Pradhan Mantri Matsya Sampada Yojana (PMMSY) have substantially enhanced access to quality seed, feed, and infrastructure, thereby promoting fish farming among small and marginal farmers (Bhendarkar et al., 2017; Deorao & Sarang, 2024). Consequently, fish farming is no longer an ancillary occupation but a main source of livelihood for most rural communities, directly involved in poverty reduction, employment creation, and nutritional well-being (Chaudhury & Sarkar, 2022; Durrani, 2025).
The socio-economic context in Chhattisgarh lends itself to aquaculture's transformative impact. Research by Bhendarkar et al. (2017) and Dhritlahre et al. (2023) indicated that most fish farmers in the state are within the productive age group (30–50 years) and practice fish farming mainly for the purpose of supplementing agricultural income. In addition, the industry's contribution to rural empowerment, especially through women involvement in small-scale and ornamental fish farming, has been acknowledged as a new dimension of sustainable livelihood diversification (Bhattacharya et al., 2025; Dubey et al., 2024). Involvement of women and marginalized groups in fish culture has been linked with enhanced household decision-making, better nutrition outcomes, and boosted community resilience (Jayasankar et al., 2023).
In spite of its potential, the aquaculture industry of Chhattisgarh still suffers from structural and institutional impediments. Formal credit scarcity, poor infrastructural amenities, variability in market prices, and lack of proper technical training are the foremost bottlenecks hindering productivity and profitability (Bunkar et al., 2022; Prashanth et al., 2024). Lack of effective value-chain integration and poor market linkages further aggravate the vulnerabilities of smallholder fish farmers (Punekar et al., 2023). Sonvanee (2022) stressed that public-private partnerships and policy consistency are crucial to the development of sustainable fishery business models within the state.
On a national scale, various studies have analyzed the socio-economic factors determining aquaculture-based income sources in various parts of India. De et al. (2022) and Haobijam et al. (2023) noted that small-scale aquaculture, when integrated with systems like rice–fish farming or livestock-based aquaculture, contributes immensely to economic stability and resource use efficiency. The same was documented in the northeastern states, where diversified aquaculture systems increased income and resilience for smallholders (Duarah & Mall, 2020). Parallel findings in Bangladesh and Nigeria also attest to fish culture's pro-poor effects on income distribution, nutrition, and employment at the local level (Toufique & Belton, 2014; Mahadi et al., 2022; Rita et al., 2023).
Aquaculture development in Chhattisgarh has also been inextricably linked with resource mapping and waterbody use. Remote sensing research by Anand et al. (2020) showed that the state's large cover of inland lentic waterbodies has vast potential for increasing fish culture activities. With the average yield varying between 3.5–4.0 tonnes/ha/year, there is still considerable potential for enhancement through improved management practices and extension services (Lakra, 2024). In the same way, Bhendarkar et al. (2017) reported that the spread of scientific management practices, including composite fish culture and optimization of feed, has attained high level yield performance and economic benefits in targeted districts.
Yet socio-economic differences among fish farmers remain to affect adoption levels, productivity, and income results. Kassam and Dorward (2017) and Bunting et al. (2023) contended that the efficacy of fish culture as an anti-poverty intervention rest on context-specific institutional assistance, such as credit availability, extension services, and market integration. In Chhattisgarh, socio-economic diversity—stemming from differences in landholding size, literacy level, and technical awareness—requires systematic assessment of livelihood determinants (Deorao & Sarang, 2024).
In order to discern these multi-dimensional features, factor analysis gives a sound statistical tool for determining the underlying patterns which account for livelihood variation in fish farmers. Previous uses of factor analysis in socio-economic research have uncovered controlling constructs such as economic empowerment, institutional access, and technical adoption as the controlling influences on livelihood outcomes (Saad et al., 2018; Sahoo et al., 2025). Conceptually, these factors represent the larger themes of income diversification, resource use, and support mechanisms key to sustainable aquaculture growth.
In this context, this research seeks to (i) examine the demographic and socio-economic profile of fish farmers of Chhattisgarh, and (ii) determine and interpret the most important underlying factors shaping their livelihood destinations employing a minimalist conceptual factor analytical model. This study aims to help fill the empirical gap on the employment opportunities of fish farming in central India and offer policy-relevant information towards sustainable development of the fisheries sector and poverty alleviation in rural areas. The results are likely to help stakeholders such as policymakers, extension officers, and non-governmental organizations plan region-targeted approaches to facilitating equitable growth and social inclusion in Chhattisgarh's aquaculture sector.

2. MATERIAL AND METHODS
2.1 Study Area
The research was done in Chhattisgarh, central India, an area with abundant inland fishery resources like reservoirs, ponds, and natural water bodies for aquaculture (Anand et al., 2020; Bhendarkar et al., 2017). Aquaculture, fisheries, and fish contribute to food security, employment, and rural development (Sonvanee, 2022; Arumugam et al., 2023). The socio-economic heterogeneity of cities such as Raipur and rural-tribal blocks provided a suitable context to examine fish farming's socio-economic drivers and poverty-reduction potential (Bhendarkar et al., 2017; Singh, 2019).
2.2 Sample Selection
243 participants were chosen using purposive and stratified random sampling, consisting of fish farmers, traders, consumers, policymakers, and researchers. This multi-stakeholder method captured the connections between production, trade, and consumption affecting aquaculture's contribution to household food security (Deorao & Sarang, 2024; Punekar et al., 2023; Bunting et al., 2023; Dhritlahre et al., 2023).
2.3 Demographic Profile
Age, gender, education level, occupation, and urban/rural location data were gathered to measure awareness, access, and dependence on fisheries. Rural participants were more prevalent because fish culture depended more heavily on them, and urban participants captured consumer and market insights (Jakhar et al., 2020; Bhattacharya et al., 2025).
2.4 Data Collection Tool
Primary data were obtained with a structured five-point Likert scale questionnaire on income, employment, government incentives, technology adoption, access to markets, and climate resilience. Pilot interviewing of 20 respondents confirmed coherence and contextual applicability (Arthur et al., 2021; Dhritlahre et al., 2023; De et al., 2022).
2.5 Analytical Framework
Descriptive statistics reported respondent profiles in summary (Bhendarkar et al., 2017; Dhritlahre et al., 2023). Exploratory Factor Analysis (EFA) with Principal Component Analysis and Varimax rotation extracted main socio-economic determinants of poverty alleviation. Factor retention based on eigenvalues >1 and Scree Plot examination prioritized livelihood-relevant interpretations (Singh, 2019; Bunkar et al., 2022; Filipski & Belton, 2018).
2.6 Variables Considered
Indicators for factor analysis were categorized as: Demographic (gender, age, education, family size); Economic (alternative income, fish farming income, assets); Institutional (credit, cooperative membership, government schemes); Technical (training, modern techniques, improved feed/seed); Market & Social (market distance, consumer demand, self-help group participation) (Sahoo et al., 2025; Bhattacharya et al., 2025; Manyise et al., 2024).
2.7 Ethical Considerations
Voluntary participation was achieved with the procurement of informed consent. Data collection adhered to ethical principles providing anonymity, confidentiality, and due care in managing socio-economic and personal data, enhancing findings' robustness (Deorao & Sarang, 2024; Durrani, 2025; Kohli et al., 2020).

3. results and discussion

3.1 Demographic Profile of Respondents
The demographic profile of 243 respondents (Table 1) reveals important information about the socio-economic composition of fish farmers and stakeholders in Chhattisgarh. The age distribution indicates that the largest proportion (37.4 %) was in the 25–34-year category, followed by 18–24 years (25.9 %), which is indicative of a young, economically active population that is involved in fish culture. These age patterns were also noted by Bhendarkar et al. (2017) and Dhritlahre et al. (2023), which show that fish farming in central India increasingly appeals to young rural entrepreneurs because of its profitability and low barriers to entry.
Gender analysis indicated that males accounted for 64.6 % of respondents, and females accounted for 34.6 %. As much as aquaculture in Chhattisgarh is dominated by males, females are increasingly participating through community-based () and self-help group approaches, resonating with Dubey et al. (2024) and Bhattacharya et al. (2025) findings that women's participation in ornamental and small-scale fish culture enhances household income and empowerment.

Table 1: Demographic Distribution of Respondents (Age, Gender and Location)









	Age Group
	N
	Frequency %
	Gender
	N
	%
	Location
	N
	%

	18-24 years 
	63
	25.9%
	Female
	84
	34.60%
	Coastal region
	1
	0.40%

	25-34 years 
	91
	37.4%
	Male
	157
	64.60%
	Inland region
	12
	4.90%

	35-44 years 
	39
	16%
	Prefer not to say
	2
	0.80%
	Rural area
	129
	53.10%

	45-54 years 
	10
	4.1%
	
	
	
	Urban area
	101
	41.60%

	55-64 years 
	1
	0.4%
	
	
	
	
	
	

	Under 18 years 
	39
	16%
	
	
	
	
	
	

	Total
	243
	100
	Total
	243
	100
	Total
	243
	100





	

Figure 1: Frequency of Age Groups of Respondents
	

Figure 2: Gender Distribution of Respondents

	



Figure 3: Locations of Respondents




In terms of location, the majority of respondents lived in rural (53.1 %) or urban-peripheral locations (41.6 %), emphasizing the prevalence of inland aquaculture systems within non-coastal landscapes. A negligible percentage of responses represented coastal locations (0.4 %), as predicted by Anand et al. (2020) in their remote-sensing evaluation of Chhattisgarh's lentic fisheries resources.
Generally, the population structure indicates a relatively young male-dominant, rural-based aquaculture sector—best placed to gain from poverty-reduction initiatives through capacity development and resource access.

3.2 Education, Occupation, and Experience
Table 2 indicates that a large percentage of respondents had a high school certificate (35 %) or a master's degree (24.3 %), whereas 9.1 % had below high-school education. Education is important in technology uptake and effective farm management (Sahoo et al., 2025; Prashanth et al., 2024). Improved literacy goes hand-in-hand with improved awareness of sustainable practices, record-keeping, and input optimization (Bunting et al., 2023).
Occupationally, others involved in allied activities (25.5 %) and fish farmers (38.7 %) dominated the list, followed by consumers (13.6 %), fishermen (13.2 %), and researchers (5.3 %). Such occupational heterogeneity reflects a wide value chain of production, marketing, and extension—an environment that offers opportunities for poverty alleviation through employment generation (De et al., 2022; Arumugam et al., 2023).

Table 2: Education, Occupation and Experience of Respondents








	Educational Background
	N
	%
	Occupations
	N
	%
	Experience Year
	N
	%

	Bachelor's Degree
	38
	15.60%
	Any others
	62
	25.50%
	1-5 years
	71
	29.20%

	Diploma/Certificate
	29
	11.90%
	Consumer
	33
	13.60%
	6-10 years
	6
	2.50%

	Doctorate/Ph.D.
	7
	2.90%
	Fish farmer
	94
	38.70%
	Less than 1 year
	62
	25.50%

	High School Graduate
	85
	35.00%
	Fisherman
	32
	13.20%
	More than 10 years
	6
	2.50%

	Less than High School
	22
	9.10%
	Policymaker
	9
	3.70%
	None
	98
	40.30%

	Master's Degree
	59
	24.30%
	Researcher
	13
	5.30%
	
	
	

	Other (please specify)
	3
	1.20%
	
	
	
	
	
	

	Total
	243
	100
	Total
	243
	100
	Total
	243
	100




Occupationally, 38.7% of them claimed to be fish farmers, 13.6% said they were consumers, 13.2% said they were fishermen, and small percentages constituted policymakers and researchers. Higher levels of education were associated with improved knowledge of sustainable practices and technical innovation, but less educated respondents highlighted affordability and access to the market.

   
	

Figure 4: Educational Background of Respondents


	

Figure 5: Occupation of Respondents
	

Figure 6: Years of Experience of Respondents




Experience levels were diverse: 29.2 % possessed 1–5 years of aquaculture experience, 25.5 % possessed less than a year's experience, while 40.3 % lacked direct experience, indicating an entrance of new farmers and potential trainee beneficiaries of training programs. Similar observations of Deorao and Sarang (2024) in Durg district and Haobijam et al. (2023) in Manipur indicate that new farmers tend to rely on state extension programs for technical upgradation. This group is therefore an important target audience for institutional assistance.

3.3 Descriptive Analysis of Poverty-Reduction Variables
The descriptive measures (Table 3) indicate the perceptions of respondents towards twelve statements of livelihood associated with aquaculture and poverty reduction. The mean values varied between 2.53 and 3.39, which indicate moderate agreement (mean 2.5–3.4) for most variables such as; poverty-reduction role, particularly government policies, technology, climate, and market factors, while training and NGO support received relatively lower agreement.
State government policies and assistance (Q5) had the highest mean (3.39 ± 1.384), reflecting broad acknowledgement of the role of the government in driving fisheries. The Government of Chhattisgarh has adopted a number of schemes—e.g., pond construction incentives, input subsidy, and training schemes—which are aligned with the positive perception registered here (Kohli et al., 2020; Bhendarkar et al., 2017).
The subsequent highest averages occurred in technological access (3.32), climate and environmental concerns (3.28), and market connections (3.19). Climate-resilient fish culture is gaining importance as a key adaptation measure to counter the effects of climate change on fish farming in India, laying special emphasis on sustainable seed production, better feed, and adaptive farming systems (Rasal et al., 2023; Mdoe et al., 2024; Yadav et al., 2024; Tanuja et al., 2025). These reflect the respondents' awareness of how productivity, environmental vulnerability, and marketing contribute to livelihood enhancement (Sathoria & Roy, 2022; Punekar et al., 2023).

Table 3: Descriptive Statistics:











	Questionnaires for Identification of factors
	Mean
	Std. Deviation
	N

	Q1. Fisheries and fish farming have a significant impact on poverty reduction in Chhattisgarh
	2.53
	1.400
	243

	Q2. Increased employment opportunities in the fisheries sector contribute to enhanced household resilience in rural areas.
	2.87
	1.325
	243

	Q3. Fish farming initiatives have positively affected the income levels of rural communities.
	3.12
	1.242
	243

	Q4. Access to modern technology and equipment in fisheries enhances productivity and poverty reduction.
	3.32
	1.245
	243

	Q5. State Government policies and support play a crucial role in promoting fisheries for improved economic well-being.
	3.39
	1.384
	243

	Q6. Training and capacity-building programs for fishermen and fish farmers help alleviate poverty.
	2.94
	1.445
	243

	Q7. Sustainable fishing practices are vital for ensuring long-term poverty reduction in coastal regions.
	3.04
	1.251
	243

	Q8. Lack of access to credit and finance remains a significant challenge for fish farmers in poverty reduction.
	3.14
	1.221
	243

	Q9. Market linkages and value addition initiatives can improve the economic condition of fishing communities.
	3.19
	1.330
	243

	Q10. Climate change and environmental factors can negatively impact poverty reduction efforts in fisheries.
	3.28
	1.388
	243

	Q11. NGOs play a valuable role in supporting poverty reduction efforts in the fisheries sector.
	2.91
	1.383
	243

	Q12. Research and data collection on fish production trends are essential for informed poverty reduction strategies.
	3.07
	1.351
	243



Assertions regarding training (2.94) and support from NGOs (2.91) were moderately scored, which suggests partial satisfaction with existing capacity development and non-government interventions. The observations resonate with Duarah and Mall (2020), who indicated that inconsistent training delivery restricts technology dissemination among Assam's small-scale farmers. The descriptive statistics combined present that respondents view fish farming as a moderately strong poverty alleviation driver but yet hampered by access, training, and market issues.

3.4 Factor Analysis of Livelihood Determinants
3.4.1 Communalities and Variable Extraction
Table 4 communalities report that all the 12 variables employed in the factor analysis possessed high extraction values, between 0.517 and 0.674, implying each item accounted for a significant amount of variance in the data. The highest extraction value (0.674) was for the statement "State Government policies and support play a crucial role in promoting fisheries for enhanced household resilience," then followed by "Increased employment opportunities in the fisheries sector contribute to poverty reduction in rural areas" (0.632) and "Access to modern technology and equipment in fisheries enhances productivity and poverty reduction" (0.619). These results highlight the critical importance of institution support, job creation, and technology access to combating poverty in Chhattisgarh through fisheries.

Table 4: Communalities:
	Questionnaires for Identification of factors
	Initial
	Extraction

	Q1. Fisheries and fish farming have a significant impact on poverty reduction in Chhattisgarh
	1.000
	0.620

	Q2. Increased employment opportunities in the fisheries sector contribute to enhanced household resilience in rural areas.
	1.000
	0.632

	Q3. Fish farming initiatives have positively affected the income levels of rural communities.
	1.000
	0.572

	Q4. Access to modern technology and equipment in fisheries enhances productivity and poverty reduction.
	1.000
	0.619

	Q5. State Government policies and support play a crucial role in promoting fisheries for improved economic well-being.
	1.000
	0.674

	Q6. Training and capacity-building programs for fishermen and fish farmers help alleviate poverty.
	1.000
	0.603

	Q7. Sustainable fishing practices are vital for ensuring long-term poverty reduction in coastal regions.
	1.000
	0.551

	Q8. Lack of access to credit and finance remains a significant challenge for fish farmers in poverty reduction.
	1.000
	0.517

	Q9. Market linkages and value addition initiatives can improve the economic condition of fishing communities.
	1.000
	0.598

	Q10. Climate change and environmental factors can negatively impact poverty reduction efforts in fisheries.
	1.000
	0.579

	Q11. NGOs play a valuable role in supporting poverty reduction efforts in the fisheries sector.
	1.000
	0.598

	Q12. Research and data collection on fish production trends are essential for informed poverty reduction strategies.
	1.000
	0.557


Extraction Method: Principal Component Analysis.  

Likewise, the lowest communality value (0.517) was that of "Lack of access to credit and finance remains a major challenge for fish farmers in poverty reduction." Even though relatively lower, this is still above the 0.5 mark, indicating that the variable contributes sufficiently to the factor solution. The findings validate that all the items are adequately represented by the components obtained, hence appropriate for application in the factor analysis model. Similar findings were also done by Bunkar et al. (2022) and Dhritlahre et al. (2023), who noted that socio-economic and infrastructural factors play a significant role in determining the profitability and sustainability of fish farm systems in central India.
3.4.2 Total Variance Explained and Factor Retention
The cumulative variance accounted for (Table 5) shows that the first two principal components possessed eigenvalues of more than 1.0, together accounting for 59.34% of the total variance- a good result for socio-economic data of this type. The first component accounted for 46.50% and the second for 12.83%. The remaining components had eigenvalues less than one and were thus eliminated using the Kaiser criterion.

Table 5: Total Variance Explained










	Component
	Initial Eigen Value
	
	Extraction Sums of Square Loading

	
	Total
	% of Variance
	Cumulative %
	
	Total
	% of Variance
	Cumulative %

	1
	5.580
	46.500
	46.500
	
	5.580
	46.500
	46.500

	2
	1.540
	12.835
	59.335
	
	1.540
	12.835
	59.335

	3
	0.658
	5.485
	64.820
	
	
	
	

	4
	0.636
	5.296
	70.116
	
	
	
	

	5
	0.609
	5.073
	75.189
	
	
	
	

	6
	0.575
	4.788
	79.978
	
	
	
	

	7
	0.541
	4.510
	84.488
	
	
	
	

	8
	0.436
	3.632
	88.120
	
	
	
	

	9
	0.410
	3.415
	91.535
	
	
	
	

	10
	0.388
	3.231
	94.766
	
	
	
	

	11
	0.352
	2.937
	97.703
	
	
	
	

	12
	0.276
	2.297
	100.000
	
	
	
	





Figure 7: Scree Plot of Extracted Components

The scree plot (Figure 7) revealed a distinct elbow following the second component, validating the two-factor solution. The two components therefore correspond to the most impactful dimensions that underlie fish farming's contribution to poverty reduction in Chhattisgarh. The high cumulative variance in excess of 50% is in agreement with Kassam and Dorward (2017) and Filipski and Belton (2018), who found likewise that aquaculture's socio-economic impacts can be explained well by a few underlying constructs—mainly economic empowerment and institutional or infrastructural support.
This quantitative result reflects that the poverty reduction role of fish farming is complex, with key explanatory variables being livelihood improvement and institutional support. Similar variance trends were also reported by De et al. (2022) and Bunting et al. (2023), who cited that government policies, input availability, and technology-led productivity increases are major factors behind socio-economic progress in aquaculture-based society.
3.4.3 Component Interpretation
The component matrix (Table 6) showed high positive loadings (> 0.65) for a number of items, which facilitated interpretation in terms of two conceptual factors:
Factor 1: Economic Empowerment and Sustainable Livelihoods
High loadings on variables Q1–Q4, Q6–Q9, Q11, and Q12 indicate key elements of economic progress: the direct contribution of fisheries to poverty alleviation, job creation, income improvement, training, access to credit, linkage to markets, assistance by NGOs, and research.
This variable, accounting for 46.5 % of the variance, reinforces that fish farming increases employment and household income directly. Mahadi et al. (2022) also witnessed such associations between aquaculture involvement and income increment in Bangladesh. Similarly, Durrani (2025) illustrated that fish-farming households in Uttar Pradesh had quantifiable gains in expenditure and food security.
The moderate factor loadings of Q9 (market linkages) and Q8 (credit access) identify the importance of economic infrastructure. Improving these factors can improve profitability and resilience, as evidenced by Filipski and Belton (2018), who simulated aquaculture's spillover impacts on rural economies.
Table 6: Component Matrixa
	
	Components

	
	1
	2

	Q1. Fisheries and fish farming have a significant impact on poverty reduction in Chhattisgarh
	0.697
	-0.366

	Q2. Increased employment opportunities in the fisheries sector contribute to enhanced household resilience in rural areas.
	0.779
	-0.160

	Q3. Fish farming initiatives have positively affected the income levels of rural communities.
	0.756
	0.015

	Q4. Access to modern technology and equipment in fisheries enhances productivity and poverty reduction.
	0.686
	0.384

	Q5. State Government policies and support play a crucial role in promoting fisheries for improved economic well-being.
	0.516
	0.639

	Q6. Training and capacity-building programs for fishermen and fish farmers help alleviate poverty.
	0.683
	-0.370

	Q7. Sustainable fishing practices are vital for ensuring long-term poverty reduction in coastal regions.
	0.710
	-0.219

	Q8. Lack of access to credit and finance remains a significant challenge for fish farmers in poverty reduction.
	0.711
	0.109

	Q9. Market linkages and value addition initiatives can improve the economic condition of fishing communities.
	0.659
	0.405

	Q10. Climate change and environmental factors can negatively impact poverty reduction efforts in fisheries.
	0.576
	0.497

	Q11. NGOs play a valuable role in supporting poverty reduction efforts in the fisheries sector.
	0.679
	-0.370

	Q12. Research and data collection on fish production trends are essential for informed poverty reduction strategies.
	0.690
	-0.284


Extraction Method: Principal Component Analysis. a. 2 components extracted.  

Factor 2: Institutional and Environmental Support Systems
The second component, accounting for a further 12.8 % of the variance, had high loadings on Q5 (government policies) and Q10 (climate impacts). This dimension reflects the external environmental and institutional forces upon which aquaculture's success is contingent.
The state government's central role in facilitating policies rings true to research from Sonvanee (2022) and Lakra (2024), who emphasized public–private partnership and good-governance structures as key determinants of Chhattisgarh's fishery success. Sustainability, as embodied in environmental concerns for climate impacts, corroborates the sustainable-development lens of Arumugam et al. (2023) and Sathoria and Roy (2022) in promoting climate-resilient aquaculture models.

3.5 Discussion: Connecting Fish Farming and Poverty Reduction
3.5.1 Economic Implications
Factor analysis validates that aquaculture bears great responsibility in generating employment and income diversification in rural Chhattisgarh. Fish farming forms a reliable source of cash income, maintains local employment, and triggers ancillary industries like provision of feeds, seed production, and input supply (Ngasotter et al., 2020). Empirical research by Bunkar et al. (2022) and Bunting et al. (2023) validates that aquaculture-led economic empowerment improves household income, food security, and local food systems. Where crop production is mainly seasonal, fish culture provides all-year-round economic prospects, and subsidized pond culture and composite fish culture schemes have enhanced per-capita fish availability (Bhendarkar et al., 2017; Singh, 2019). Importantly, the dominance of youth among the respondents shows that fish culture is increasingly regarded as a sustainable, contemporary livelihood opportunity, and this conveys a scope for long-run generation participation in fisheries.
Comparative research from the neighboring regions offers important context in understanding fish farming's contribution to poverty alleviation in Chhattisgarh. Duarah and Mall (2020) pointed out that diversified small-scale fish culture in Assam enhanced rural livelihoods through enhancing income and employment. Chaudhury and Sarkar (2022) indicated that integrated fish production among Jhumias in Tripura improved food security and decreased poverty levels. In Odisha, Dubey et al. (2024) illustrated that aquaculture at the community level enhanced household nutrition and women's empowerment. Likewise, Haobijam et al. (2023) highlighted the beneficial effect of integrated fish farming on Manipur farm livelihoods. These findings are in consonance with Chhattisgarh evidence (Anand et al., 2020; Bhendarkar et al., 2017).
3.5.2 Institutional and Social Dimensions
Institutional facilitation proved to be a key driver of aquaculture success. The high mean agreement on policy support (3.39) indicates wide awareness of programs like the Blue Revolution and Pradhan Mantri Matsya Sampada Yojana (PMMSY). Kohli et al. (2020) also reported high policy appreciation for Chhattisgarh's integrated rural-nutrition programs. Inclusion of gender, although still limited, is increasingly growing, with an increase in the number of women engaged in fish culture activities, consistent with findings from Duarah and Mall (2020) and Bhattacharya et al. (2025) that gender-sensitive aquaculture builds social capital and community resilience. Women's engagement boosts both output and social justice, with research demonstrating their important contributions to small-scale fisheries and value chains in India, ensuring household food security and equitable livelihoods (Reshma & Kalluraya, 2024; Bhattacharya et al., 2025; Roy et al., 2023; Tanuja et al., 2023). Small-scale fisheries support socio-economic resilience, income diversification, and poverty reduction, especially in rural and floodplain areas, while climate-smart approaches provide for sustainability and future community welfare (Arumugam et al., 2023; Bhattacharya et al., 2024; Aswathy & Najmudeen, 2023; Ogunkalu, 2023; Paul et al., 2023). Improving capacity building programs, NGO participation, and cooperative organization, as identified in Jayasankar et al. (2023) in Odisha, will further enhance the empowerment of vulnerable segments. At the social level, collective ownership of ponds, rotation-based work patterns, and cooperative resource management (Deorao & Sarang, 2024) encourage shared responsibility and enhance local leadership, which is vital for sustainable utilization. 
3.5.3 Environmental and Technological Context
Adoption of technology, as indicated by a mean of 3.32, shows farmers' eagerness to adopt technologies like aerators, good quality feed, and better seed varieties. The same pattern was observed by Manyise et al. (2024), demonstrating that technology-based improvement in productivity is imperative for aquaculture sustainability. Environmental problems, such as climate variability (mean = 3.28), continue to be significant constraints. Incorporating agro-ecological methods like rice–fish systems, water recycling, and low-input technologies, as suggested by De et al. (2022) and Haobijam et al. (2023), can balance ecological sustainability with livelihood improvement. Climate-resilient and eco-friendly aquaculture practices need to be adopted for sustained poverty reduction and conservation of the ecosystem.
3.5.4 Policy and Development Implications
The results emphasize policy actions that consider economic, social, and environmental aspects. Government intervention, technological support, and skill development schemes are vital for improving the productivity and income of small-scale farmers. Financial inclusion policy, post-harvest infrastructure, and market linkage policy can minimize exposure to market and climate shocks. Around 40% of the respondents indicated low aquaculture experience, as noted by Prashanth et al. (2024), which emphasizes the need for ongoing training and extension services. Strategic policy planning must also give high importance to participatory methods, gender equality, and community-based management for inclusive development. Cross-learning from Odisha, Assam, and Uttar Pradesh's best models (Chaudhury & Sarkar, 2022; Durrani, 2025) will enhance Chhattisgarh's aquaculture system.
3.6 Summary of Findings and Significance
Empirical evidence proves that Chhattisgarh aquaculture is a poverty alleviation tool with multiple dimensions, with economic empowerment and institution-environmental facilitation accounting for almost 60% of variations in twelve measures of poverty. From a demographic perspective, fish farmers are mostly young, moderately literate, and rural-resident. Economically, fish farming offers supplementary income and stable employment. Institutionally, government policies, exposure to training, and new technologies are key factors. Environmentally, awareness of sustainability and climatic adaptation is on the rise. These results are important for the development of sustainable aquaculture and imply that policy interventions, social participation, and technology facilitation can promote rural livelihoods, improve food security, and enable environmentally sound fish culture development in Chhattisgarh and similar areas.


4. Conclusion

This current study shows that fish farming in Chhattisgarh has a very high potential as a strategic tool for poverty reduction and rural development. Two dominant dimensions- economic empowerment and livelihood sustainability, and institutional and policy support- emerged from the factor analysis, which collectively explained a very high percentage of socio-economic variance. The results confirm that aquaculture not only provides jobs and diversifies rural income but also enhances household resilience and food security. Yet, its overall effect hinges on sound institutional arrangements, most importantly in providing access to credit, technical education, and effective market linkages. Government support mechanisms need to be strengthened, public–private partnerships fostered, and climate-resilient and sustainable technologies incorporated to enhance productivity and reduce risk vulnerabilities. In line with earlier research (Anand et al., 2020; Bunting et al., 2023; Durrani, 2025), the research concludes that with efficient support from focused policies, capacity development, and stakeholder coordination, fish farming has the potential to become a pillar of inclusive, sustainable, and equitable rural growth in Chhattisgarh and elsewhere.
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