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Effectiveness of pen aquaculture in enhancing small scale fisheries production and conservation in a wetland of India









 


	
	
ORIGINAL RESEARCH
published: 10 January 2025
doi: 10.3389/fsufs.2024.1506096








[image: image2]

Effectiveness of pen aquaculture in enhancing small scale fisheries production and conservation in a wetland of India

Gunjan Karnatak1, Basanta Kumar Das1*, Pranaya Parida1,2, Aparna Roy1, Archan Kanti Das1, Lianthuamluaia Lianthuamluaia1, Anjana Ekka1, Sangeeta Chakraborty1, Kausik Mondal1 and Sanjeet Debnath1


1ICAR-Central Inland Fisheries Research Institute, Kolkata, India

2Caribbean Regional Fisheries Mechanism, Kingstown, Saint Vincent and the Grenadines

Edited by
 Abebe Getahun, Addis Ababa University, Ethiopia

Reviewed by
 Reuben Omondi, Kisii University, Kenya
 Akewake Geremew, Addis Ababa University, Ethiopia

*Correspondence
 Basanta Kumar Das, basantakumard@gmail.com 

Received 07 October 2024
 Accepted 23 December 2024
 Published 10 January 2025

Citation
 Karnatak G, Das BK, Parida P, Roy A, Das AK, Lianthuamluaia L, Ekka A, Chakraborty S, Mondal K and Debnath S (2025) Effectiveness of pen aquaculture in enhancing small scale fisheries production and conservation in a wetland of India. Front. Sustain. Food Syst. 8:1506096. doi: 10.3389/fsufs.2024.1506096
 

The present study deals with stakeholder-driven implementation of pen culture for raising of fish seed for Culture-based fisheries (CBF) in Chamta, a floodplain wetland, in Gangetic plains through polyculture of Indian Major Carps (IMCs) Labeo catla, Labeo rohita and Cirrhinus mrigala with Small Indigenous Fishes (SIFs) Labeo bata, Systomus sarana and grass carp, Ctenopharyngodon idella in co-management mode. In the first polyculture trial IMCs and minor carps were cultured in 4 High Density Poly Ethylene (HDPE) pens (0.1 ha each) at a stocking density of 25 Nos. m−3 in equal numbers for 90 days. In the second polyculture trial IMCs were cultured with grass carp at a density of 25 Nos. m−3 in 4 HDPE pens in the ratio of 1:1:1:2 for 90 days. The same set of pens was utilized for both trials during different times of the year. Net yield of 682.3 ± 20.6 kg and 413.9 ± 21.7 kg per pen was achieved through polyculture of IMCs and SIFs and polyculture and for IMCs and grass carp, respectively. The survival percentage varied with species and culture period with overall survival of 77 (IMCs + minor carps) to 85% (IMCs + grass carp). Polyculture was economically feasible with a BC ratio of 2.01 for IMC and SIFs and 1.88 for IMC and grass carp. All the seeds produced in the pens were released to the wetland as input for CBF. The study indicated the potential of grass carp fishery in macrophyte-infested wetland. The species could attain 1.5–2 kg in 6 months and up to 3–3.5 kg weight within 1 year, utilizing macrophyte resources of the wetland. SIFs S. sarana and L. bata were observed to attain maturity in pens. The study indicated pen as an economically feasible technology to boost CBF in the wetland. The cultivation of SIFs through pen culture and CBF can enhance their production while alleviating pressure on their natural populations. Integrating pen culture using diversified species will promote sustainable fisheries management in these floodplain wetlands.
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1 Introduction

Fisheries is one of the most important services that provides food and livelihood support to the dependent rural populace living near aquatic ecosystems (Jha et al., 2013). Wetlands are one of Earth’s most productive and ecologically sensitive aquatic ecosystems. They provide multiple goods and services to human beings. They act as major carbon sinks and produce high-quality protein in the form of fish, utilizing natural productivity and converting the accumulated carbon to blue carbon in the form of fish (Karnatak et al., 2022). India is endowed with vast floodplain wetland resources located mainly in the Ganga and Brahmaputra basins in the states of Assam, West Bengal and Bihar (Sarkar et al., 2020).

Wetland fisheries in India faces several challenges, particularly due to the unsustainable practices governing their operation. The natural fish production from these wetlands has also declined over the years due to anthropogenic factors viz. pollution, water abstraction, dam construction, overexploitation, etc. (Aziz et al., 2021; Pandit et al., 2021). These fisheries, often managed by Fishermen’s Cooperative Societies (FCS), incorporate both capture fisheries (exploiting natural fish fauna) and culture-based fisheries (CBF) that rely on the capture of stocked species. However, CBF practices in these wetlands are largely arbitrary and predominantly focus on Indian Major Carps (IMCs) alongside Chinese exotic carps.

Scientific stocking protocols, such as the appropriate size at stocking and optimal stocking densities, are frequently overlooked. Fish fry and fingerlings are sourced from fish farmers or middlemen based on availability, often without ensuring quality or suitability. A critical bottleneck is the lack of infrastructure for producing high-quality fingerlings essential for CBF in open waters (Vasudevappa and Sultan, 2013). Transporting advanced fingerlings recommended for better survival also encounters challenges, including high transportation mortality and poor survival rates in wetlands due to stress during transit.

Another significant concern is the declining abundance of indigenous fish species, including Small Indigenous Fishes (SIFs). These fishes, while regularly captured by fishermen, are excluded from the CBF framework, which predominantly prioritizes larger carps. Most FCS fail to document SIF catches in fish production records, contributing to their neglect. Overexploitation, habitat degradation, and inadequate natural recruitment have drastically reduced the populations of these native species across many wetlands.

Climate anomalies in recent decades have exacerbated the degradation of wetland ecosystems, posing significant threats to the livelihoods of fishers reliant on these resources. One major ecological issue is the proliferation of macrophytes, driven by reduced water depth and nutrient enrichment, which disrupts wetland ecology and adversely affects fisheries (Sarkar et al., 2021). A sustainable strategy to address this challenge involves the introduction of macrophyte-consuming fish species. These species can convert accumulated “green carbon” (from excessive macrophyte growth) into “blue carbon” (fish), thereby enhancing fish production in macrophyte-choked wetlands. This ecosystem-based approach to CBF not only boosts fish yields but also supports habitat restoration and management, ensuring the long-term sustainability of wetland ecosystems.

Pen culture presents an effective solution to address these challenges and enhance fish production in floodplain wetlands. This technology, well-suited for seed raising and table fish production (Paul et al., 2019), can significantly improve the sustainability and productivity of wetland fisheries. Pen culture facilitates the in situ raising of advanced fingerlings in the same aquatic environment where they will be stocked, thereby increasing survival rates and reducing transportation stress (Roy and Hassan, 2013).

Additionally, pen culture supports the conservation and sustainable exploitation of SIFs. It can be employed for culturing self-recruiting indigenous species (Yengkokpam et al., 2022), helping to restore their populations while ensuring their inclusion in wetland fishery management. Moreover, pen culture diversifies the livelihood options of fishers dependent on small-scale fisheries, thereby enhancing their adaptive capacity and economic resilience (Paul et al., 2021; Karnatak et al., 2021c). Although the integration of pen culture into wetland fisheries offers a promising pathway for addressing such limitations in CBF practices, its adoption by fishermen cooperatives is very low, mostly due to a lack of awareness about the technology and capacity to implement the technology. Demonstration of such in situ technologies in co-management mode is an effective mode of technology dissemination following “learning by doing.”

The state of West Bengal has vast floodplain wetland resources (42081.65 ha), 51.21% of which are presently under CBF (DoF West Bengal, 2016). Chamta is a closed oxbow lake located in the basin of Ichamati, a tributary of the River Jamuna in the State of West Bengal. The fishery of the wetland is governed by the “Chamta Fishermen’s Cooperative Society” established in the year 1976, which has 248 registered members, mostly (90%) belonging to backward communities. The total area of the wetland is 111.47 acres, of which 61.4 acres is leased, and the rest is owned by the society. The wetland harbours more than 20 species of macrophytes, covering 60–70% of the wetland area. Most of the wetlands in West Bengal do not use pen culture technology due to a lack of knowledge.

Pen culture technology, when implemented in a co-management mode, enhances fish production in floodplain wetlands by optimizing seed size and stocking practices while conserving Small Indigenous Fishes (SIFs) and maintaining ecological balance. This hypothesis reflects the study’s aim to test the effectiveness of pen culture systems in improving fish production and promoting sustainable management practices in wetlands like Chamta while addressing the challenges of ecosystem degradation and declining indigenous fish stocks.



2 Materials and methods

The methodology involves the installation of High Density Poly Ethylene (HDPE) pens and the monitoring of stocked fish through the measurement of fish growth, water quality, and climate conditions, as well as evaluating the economic feasibility. It is discussed under following headings.


2.1 Pen culture: installation and demonstration

The pens were installed in Chamta wetland (23° 7′1.87″N, 88°41′45.05″ E) located in the North 4 Parganas district of West Bengal (Figure 1) in the month of October 2020. The study site map, including the land use pattern, was prepared in ArcGIS 10.2.1. The data on fish production from the wetland was taken from audit reports maintained by the Chamta Fishermen Cooperative Society. These reports contained information such as the quantity of fish harvested and revenue generated from the wetland over a specific period.
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FIGURE 1
 GIS map of the study area with pen culture site (A) and diagrammatic illustration of the pen culture setup and reference sites for water quality monitoring in the wetland (B).


The pen culture was implemented in a co-management mode involving the FCS. This involvement ensured that the local community, particularly the fishermen who rely on the wetland for their livelihoods, had a stake in the management and success of the project. Each pen unit had an effective water area of 0.1 ha. The pen was made from HDPE net and FRP poles (10 ft) for support. Each polyculture trial was conducted for 90 days with 4 replicates (0.1 ha/replicate). In the first polyculture trial (November 2020–January 2021), IMCs Labeo catla (4.65 ± 0.71 g), Labeo rohita (3.21 ± 0.23 g) and Cirrhinus mrigala (1.69 ± 0.19 g), and Grass carp Ctenopharyngodon Idella (5.18 ± 0.34 g) were stocked at the rate of 25 No. m−3 in the ratio of 1:1:1:2 to overwinter the seed. Overwintering fish seeds facilitates the timely availability of large-sized fingerlings for grow-out stocking, ensuring alignment with optimal seasonal conditions. This approach capitalizes on compensatory growth, enabling faster attainment of market size while reducing production time. It is a cost-effective and sustainable strategy, requiring minimal inputs in the form of maintenance rations, thereby exerting minimal environmental impact. Moreover, overwintered fingerlings exhibit enhanced health, greater resilience to environmental stressors, and improved survival rates, contributing significantly to higher overall productivity.

In the second polyculture trial (March–May 2021), IMCs Labeo catla (7.81 ± 0.54 g), Labeo rohita (5.8 ± 0.21 g), and Cirrhinus mrigala (3.65 ± 0.19 g) were cultured with minor carp Labeo bata (5.33 ± 0.33 g) and Systomus sarana (6.1 ± 0.15 g) at a stocking density of 25 Nos. m−3 in the ratio of 1:1:1:1:1. In both trials, fish were fed with floating pelleted feed (CP-28%, CL-4%) at the rate of 2 to 3% of body weight per day divided in two equal instalments and fed twice a day (10:00 h, 16:00 h) (see Figure 2).

[image: Figure 2]

FIGURE 2
 Timeline of activities during the growth trials.




2.2 Water quality and climate trend

Water quality was assessed from all pens at the reference site (100 m away from the pen) during the culture trials. The samples were collected monthly during 8–9 h from all pens and reference sites (n = 3). The air temperature was recorded using a mercury thermometer. Water temperature, specific conductivity, total dissolved solids (TDS), and pH were recorded using a multiparameter probe (Eutech). Alkalinity and hardness were estimated onsite using the titrimetric method. Other water quality parameters (Free ammonia, Total nitrogen, Nitrate, Available phosphate, Total Phosphate, Calcium, Magnesium, Sulphate, Silicate and Chlorophyll-a) were analysed in the laboratory using standard methods (APHA, 2012). The grid data annual mean (Tmean), maximum (Tmax) and minimum (Tmin) average air temperature (1° × 1°) and annual average rainfall (0.25° × 0.25°) were obtained from IMD, Govt. of India, for a period from 1975 to 2021 (Pai et al., 2014; Srivastava et al., 2009). Linear regression was done for trend analysis, and a linear fit of the data was delineated to generate a trendline for the climate data.



2.3 Growth, survival and feeding efficiency

Growth was assessed in form of weight gain (WG), weight gain percent (WG%), specific growth rate (SGR), Average Daily Growth (ADG), and feeding efficiency was estimated using the feed conversion ratio (FCR), protein efficiency ratio (PER), and feed conversion efficiency (FCE), while survival percent was calculated by sorting and counting the number of individuals at the end of the experiment using standard formulas (Karnatak et al., 2021b):
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2.4 Economics

The benefit–cost ratio (BC ratio) was estimated to indicate the economic feasibility of the pen culture. Economic analysis considered the total input cost and the prevailing market price of the produce in a single unit of pen. The fixed cost year−1 pen−1 was worked out considering 5-year durability. Total cost was calculated, including fixed cost (cost of pen/year, maintenance cost) and recurring cost (feed cost, seed cost, chemicals). The total value of the produced fingerlings was assumed at the prevailing market price for individual species at the produced size. The prevailing price of the produced fingerlings at the time of harvest was 200 INR per kg for IMCs, 375 INR per kg for S. sarana, 300 INR per kg for L. bata, and C. idella. The price was multiplied by the net yield of each species to estimate the total value of produced fingerlings. The net benefit was calculated by subtracting the total production cost from the cost of the fingerlings produced in pens. The BC ratio was estimated using the following formula:
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2.5 Statistical analysis

The data analysis was performed using SPSS software (Ver 14). Growth data from each pen was treated as an independent sample. Descriptive analysis (mean and standard deviation) was done for growth parameter. Water quality parameters were compared using a t test at a 95% confidence interval. The water quality data from pens and reference sites were pooled on monthly basis for comparison of means. The relationship between stocking and fish production in the wetland (2009–2021) was analysed using correlation coefficient and linear regression. The graph depicting time series change in average annual temperature and rainfall in the study area was generated using Matlab 2021 software.




3 Results


3.1 Climate and fish production trend

Climate trend analysis indicated a warming trend in the study area (Figure 3). Annual Tmean and Tmin minimum showed an increasing trend, while Tmax showed a decreasing trend. However, the R2 value for the linear fit for Tmean and Tmax were found to be insignificant, whereas the fit for Tmin was estimated to be significant (R2 = 0.40). Annual precipitation showed statistically insignificant change over the last 45 years (Figure 4). The land use pattern of the wetland showed that the catchment is dominated by agriculture (60%), followed by vegetation other than field crops, including natural vegetation (29%). The wetland constitutes around 6% of the area, while settlements and other water bodies contribute roughly 3 and 2% of the total area (Figures 1, 5).
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FIGURE 3
 Temperature trend [(A) Maximum, (B) Mean, (C) Minimum] in the study area in last four decades.


[image: Figure 4]

FIGURE 4
 Rainfall trend in the study area in last four decades.
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FIGURE 5
 Land use pattern (percentage) of the study area.


The fish production from the wetland in the last decade (2009–2019) varied from 862 kg to 12,349 kg (Figure 6) due to arbitrary and unscientific stocking practices. The stocking in the wetland varied from 8,579 kg (2009) to nil stocking (2012), with no defined size and stocking time. The stocking and fish production data from the wetland correlated positively (r = 0.16); however, the relationship was insignificant (R2 = 0.027) (Figure 7). The implementation of pen culture technology in the wetland contributed to a significant increase in overall fish production, rising from 23,326 kg in 2020 to 29,680 kg in 2021, and further to 31,337 kg in 2022. While the release of advanced fingerlings through pen culture by the Fishermen Cooperative Society (FCS) likely played a significant role in this growth, the potential contribution of other environmental and ecological factors influencing natural productivity and habitat suitability cannot be ruled out.

[image: Figure 6]

FIGURE 6
 Fish production trend in Chamta wetland.


[image: Figure 7]

FIGURE 7
 Relationship between stocking and fish production in Chamta wetland (year 2009–2021).




3.2 Growth, survival and feeding efficiency

The growth of the fish in pens varied with species and also with season. In the polyculture of IMCs and minor carps, L. catla, L. rohita, and C. mrigala attained an average size of 41.37 ± 3.05, 30.54 ± 1.46 and 21.20 ± 1.47 g, respectively, while minor carps attained an average size of 38.98 ± 2.26, and 27.75 ± 3.26 g, respectively. L. catla and S. sarana showed significant (p < 0.05) growth over other species. The weight gain percentage was highest for S. sarana and lowest for L. bata. Among IMCs, the weight gain % and SGR were highest in C. mrigala. The overall survival percentage was 85% (82–87%). Since the exact amount of feed consumed by individual species could not be assessed, cumulative FCR, PER, and FCE were estimated to be 2.20 ± 0.6, 1.62 ± 0.05, and 0.45 ± 0.01, respectively. The highest net yield (biomass) was achieved for L. catla, followed by S. sarana, L. rohita, L. bata and C. mrigala (Table 1).



TABLE 1 Growth performance of fishes in polyculture trial (IMC + minor carp) in pens (March–May 2021).
[image: Table1]

In polyculture of IMCs with grass carp, the average size achieved by L. catla, L. rohita, C. mrigala, and C. idella was 18.85 ± 0.46, 13.76 ± 1.14, 8.91 ± 0.98 and 32.07 ± 1.66 g, respectively. The growth performance of all four species varied significantly from each other. The growth performance in terms of weight gain, WG%, ADG, and SGR was highest (p < 0.05) in C. idella. The growth of IMCs showed a similar pattern with the highest biomass generation in L. catla, followed by L. rohita and C. mrigala; however, WG %, and SGR were significantly higher (p < 0.05) in C. mrigala. The cumulative FCR, PER, and FCE were estimated as 2.45 ± 0.16, 1.47 ± 0.09, and 0.41 ± 0.02, respectively. The highest net yield (biomass) was achieved for C. idella, followed by L. catla, L. rohita and C. mrigala (Table 2). The growth rate of IMCs in pens during November–January was significantly lower than during March–May.



TABLE 2 Growth performance of fishes in polyculture trial (IMC + grass carp) in pens (November 2020–January 2021).
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3.3 Water quality at pen and reference site

Water quality was monitored from the culture and reference sites (Table 3). The water quality parameters at the culture site were within the optimum range for the culture of carps. The average water depth in the pen culture site was 1.28 m from March to May 2021 and 1.55 m from November 2020 to January 2021. The variations in water quality parameters in the pens and reference wetland sites did not differ statistically. However, the variations in water quality between the trials were significant. The nutrient concentration was marginally higher, and chlorophyll content was lower inside pens than the reference sites. The pen culture did not show any significant changes in the ecology of the wetland.



TABLE 3 Water quality parameters at pen and reference site.
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3.4 Economics

The economics of the pen culture is presented in Table 4 and has been estimated separately for both crops. The net yield per pen was 682.3 ± 20.6 kg for IMCs and minor carp polyculture and 413.9 ± 21.7 kg for IMCs and grass carp polyculture. Feed was the major input, contributing around 59–64% of the total and recurring costs respectively, while seed was the next, covering 33–36% of the total and recurring cost, respectively. The polyculture of carp in pen was found to be economically feasible with a BC ratio of 2.01 for IMCs and minor carp polyculture and 1.88 for IMCs and grass carp polyculture.



TABLE 4 Economics of pen culture (per pen/per crop) in the present study.
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4 Discussion

The time series climate data analysis in the study area revealed a warming trend in the last few decades. Specifically, there has been an increasing trend for average annual temperature while the rainfall trend has remained relatively stable. According to the results of the present study, Tmean in the study area showed a warming trend despite decreasing Tmax. However, the Tmin was observed to increase significantly contributing to the overall warming trend in the area (Liu et al., 2004). Previous studies in the wetlands of North 24 Parganas have also reported increasing air temperature trends and decreasing rainfall trends (Karnatak et al., 2022; Sarkar et al., 2019; Sharma et al., 2014). In contrast to these reports, our analysis does not indicate decreasing rainfall in the district, which might be due to a longer analysis period and the utilization of extrapolated grid data instead of station data. Given that most of the floodplains in the lower Gangetic delta are experiencing the closure of link channels, area shrinkage and sedimentation, the warming trend in the area could pose a serious threat to the local fishery resources. This, in turn, would negatively impact the livelihoods of the fishing community that depends on these resources.

The stocking of fish seed in the wetland was observed to be arbitrary, resulting in inconsistent and uncertain production levels. This is common in most of the wetlands, as the FCS does not follow any scientific management practices, and the species are not stocked based on the food niche. After the baseline survey of the wetland in 2019, the FCS was given an advisory on ecosystem-based and scientific stocking of the wetland for better management and production enhancement. Following the implementation of these recommendations, which involved stocking the wetland with advanced fingerlings (through pen culture) there was a noticeable enhancement in fish production in the subsequent year. However, wetland ecosystem are dynamic and other factors such as changes in natural productivity and other ecological changes, may also have contributed to this upward trend in fish production, highlighting the complex interplay of interventions and environmental factors in shaping the wetland’s output. This positive outcome demonstrates the effectiveness of the intervention in enhancing production and highlights the importance of adopting scientific practices in managing and optimizing fishery resources in wetland ecosystems.

The growth and survival of the fish cultured in pens varied with species and season. During summer months, in polyculture systems involving IMCs with minor carps, WG% and SGR were highest in S. sarana followed by C. mrigala, L. catla, L. rohita and L. bata. In the polyculture system of IMCs with grass carp, WG%, ADG, and SGR were highest in C. idella. Among IMCs, WG% and SGR were significantly higher in C. mrigala. Similar findings were reported by Karnatak et al. (2022) indicating a higher growth rate of grass carp over IMCs in pens. The growth and survival of carps in pen have previously been studied in Assam and Uttar Pradesh (Bhattacharjya et al., 2015; Das et al., 2017; Alam et al., 2017).

Aquatic macrophytes have both beneficial and detrimental impacts on wetland ecosystems. In manageable quantities, they contribute to ecosystem stability, promoting a relatively healthy and sustainable environment (Thomaz and da Cunha, 2010). Submerged macrophytes, under controlled growth conditions, serve as an oxygen source, enhance water quality, and play a role in purifying water (Deka and Sarma, 2014). However, when their growth becomes excessive, they are classified as aquatic weeds, potentially causing significant alterations to the overall ecosystem dynamics (Aloo et al., 2013). The degree of macrophyte infestation is a critical factor influencing the fishery productivity of floodplain wetlands (Sugunan and Bhattacharjya, 2000; Sugunan et al., 2000). Recent studies have documented a critical state of eutrophication in many wetlands of India (Puthiyottil et al., 2021; Das Sarkar et al., 2020) which have been cited as one of the major factors leading to macrophyte proliferation in the floodplain wetlands (Sarkar et al., 2020).

Grass carp is an effective and cost-efficient tool for aquatic macrophyte management, offering long-term benefits (Pípalová, 2006). As per stakeholder observation, the stocked C. idella grew to 1.5–2 kg, and 2.5–3 kg in 6 months and 1 year, respectively. Similar results were reported for grass carp growth in Beledanga wetland (Karnatak et al., 2022). Although the stocking of grass carp along with IMCs was practiced in wetlands, the stocking proportion is arbitrary and stocking size is small. At present, the macrophyte infestation in the wetland is very high, covering >60% of the area (Figure 8). However, in the present context, when most of the floodplain wetlands are infested with macrophytes owing to sedimentation, reducing depth and eutrophication; grass carp, known for its voracious consumption of macrophytes can play a major role in habitat management and production enhancement from these wetlands. By converting the standing biomass of macrophytes to blue carbon in the form of fish protein (Karnatak et al., 2022; Sarkar et al., 2021) grass carp can contribute to blue carbon production.
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FIGURE 8
 Drone captured image of macrophyte infestation in a part of Chamta wetland (A–water, B–submerged macrophytes, C–floating macrophytse, D–bank of wetland, E–other terrestrial plants).


However, the introduction of grass carp into aquatic ecosystems can lead to significant ecological impacts. Dibble and Kovalenko (2009) highlighted the potential impacts of grass carp on aquatic ecosystems and community structure. By consuming large amount of aquatic vegetation, grass carp reduce macrophyte cover, which disrupts benthic-pelagic coupling and nutrient cycling (Shurin et al., 2002). This can result in increased sediment resuspension and nutrient release, often causing algal blooms and shifts to turbid, un-vegetated states (Scheffer et al., 2001). Additionally, the loss of vegetated habitats affects the diversity and abundance of macroinvertebrates and fish dependent on macrophytes for food and refuge, potentially altering community structures and reducing ecosystem stability (Wetzel, 2001). Although the extent of macrophyte proliferation is very high in most of the floodplains and grass carp is already established in most of the aquatic ecosystem of the country, the above said effects highlight the importance of understanding and carefully managing their introduction to maintain ecosystem balance.

Olive barb S. sarana achieved the highest WG% and survival under the polyculture system. S. sarana has been previously reported to show encouraging growth in pond polyculture systems (Chakraborty et al., 2004; Jena et al., 2007). It is a highly preferred SIF in India’s eastern and northeastern states, fetching up to 300–400 INR/kg. Over the years, the natural stock of S. sarana has reduced due to habitat perturbations and overexploitation, making it a vulnerable species in India (Siddik et al., 2013). Owing to high consumer preference and a short production cycle, the species has been recommended for intercropping with IMCs and is also being advocated for cage production (Upadhyay et al., 2022). Indigenous cyprinid L. bata is an important SIF, known for its taste and nutritional value (Karnatak et al., 2021a). It fetches 200–250 INR/kg in eastern and Northeastern states of India. Its monoculture and polyculture with other carp species are generally practiced in ponds and is now being opted for culture in open water enclosures (Yengkokpam et al., 2020; Debnath et al., 2022). Despite being classified as “least concern” by the IUCN, its population is dwindling in natural waters and is endangered in Bangladesh (Rahman et al., 2012). Borah et al. (2023) studied the growth performance of L. bata in pens in wetlands of Assam and achieved an average weight of 61 to 80 g in 100 days at varying densities (3–9 Nos. m−2) in monoculture. The lower growth achieved in the present study might be due to high culture density and polyculture. The production of these SIFs through CBF can help reduce pressure on natural stocks.

In present study, the growth performance of IMCs (L. catla, L. rohita, and C. mrigala) measured in terms of ADG, SGR, WG %, FCR, PER and FCE was better during summer (March–May) than winter (November–January) which can be attributed to the difference in temperature regimes during culture periods. Lower growth of carps in lower temperature regimes has previously been reported for IMCs (Dhawan and Kaur, 2002), Grass carp (Shrestha, 1999; Karnatak et al., 2022), Koi carp (Jha et al., 2007), catfish (El-Sayed et al., 1996) and Tilapia (Usmani and Jafri, 2002). As fish is an ectothermic animal, seasonal variability in temperature influences their feeding behaviour, digestion and nutrient absorption and hence impacts fish growth in a culture system (Volkoff and Rønnestad, 2020).

The water quality parameters recorded at the pen culture site were observed in the range suitable for the culture of carps. The water quality parameters at the culture site did not differ significantly from the reference site, possibly due to the small-scale culture system (Devi et al., 2015). The higher nutrient concentration in the water can be attributed to fish feed and waste, while lower chlorophyll content might have resulted from plankton grazing by the stocked fish.

The fish produced in the pens were released to the wetland proper as input to CBF. Multiple stockings and harvesting are recommended and practiced in the wetlands (Sarkar et al., 2020). The stocking of overwintered seed is recommended to encash compensatory growth and achieve table size in a short duration by utilising primary productivity in the summer months. The fish stocked in June, which also coincides with the fishing ban month in wetlands can be harvested post-monsoon after the fishing ban is lifted. In enclosures, CBF seed reared in situ shows better wetland survival (Roy and Hassan, 2013).

S. sarana, L. bata grew to average size of 200 g and 150 g, in 6 months and 270 g and 200 g in 1 year. The adoption of pen culture in the Asom wetlands had a direct influence on fish production, household income and livelihood security for fishermen (Chandra et al., 2013). Both minor carps were observed to attain maturity in pens, indicating potential for conservation and production enhancement. However, the breeding success of mature SIFs released into wetlands remains uncertain, which is a major limitation of this study. The success of stock enhancement programs depends heavily on the reproductive success of released fish and their interactions with wild populations, which can significantly impact the ecological and genetic integrity of these populations (Fleming and Petersson, 2001). Effective stock enhancement in large reservoirs and wetlands requires that released fish not only survive but also breed and sustain their populations (Sugunan, 2010). This depends on understanding their breeding dynamics and ensuring suitable habitat and environmental conditions for juvenile recruitment (Bell et al., 2005). Systematic studies are essential to establish evidence of natural spawning success of released stock to evidence if such stock enhancement efforts contribute to sustainable population recovery and improved biodiversity in wetlands.

The economics of the two polyculture trials showed a profitable BC ratio. The present study considered only fingerling raising; however, these pens can also be utilized for the production of high value table-fish (Borah et al., 2023; Paul et al., 2019) providing an additional source of income. Furthermore, utilizing the pens for self-recruiting SIFs (small indigenous fishes) can contribute to SIFs conservation (Yengkokpam et al., 2022). The seed production in pens is more economical than pond raising as it utilises the natural production of the water body. Also, due to continuous water exchange and lower nutrient accumulation, the chance of disease occurrence is less. Given the results of the present study, a mere 0.5 ha pen can produce around 1 lakh advanced fingerlings at a time which is enough to fulfil the recommended stocking rate (2,000/ha) for CBF (Sarkar et al., 2020). Since multiple crops can be taken from these enclosures, the additional seed produced in the pens can also be supplied/ sold to FCS of nearby wetlands to generate additional income.

In-situ seed production in pens is an economically feasible technology to boost CBF in wetlands. The in situ raising assures the production of the recommended size of fingerlings for CBF and better survival in the wetland owing to acclimatization in the same aquatic environment. The pens can be used effectively for seed raising, breeding of self-recruiting species and table fish production. The implementation of technology in participatory mode is effective in transmitting the knowledge as it promotes “learning by doing” (Olarinde et al., 2017; de Souza et al., 2012). Integration of need-based grass carp in CBF (based on macrophyte type and percentage level) can certainly enhance fish production from macrophyte-infested wetlands. However, large-scale feed-based pen aquaculture in wetlands can significantly impact ecological balance and biodiversity (Chen et al., 2007). It increases nutrient loading leading to eutrophication (Li et al., 2022) and phytoplankton biomass in culture areas, as seen in Lake Honghu, leading to eutrophication and water quality degradation (Yang and Wang, 2003). Intensified competition for food and space among species can alter habitats and contribute to native species decline (Lin et al., 2015). In floodplain lakes along the Yangtze River, pen aquaculture has been linked to reduced alpha diversity and homogenization of fish communities, threatening ecosystem resilience (Jiang et al., 2019). Moreover, these activities can negatively impact waterbird populations, as observed in Caizi Lake of China (Liu et al., 2024). These findings underscore the need for sustainable management practices in pen aquaculture to mitigate its ecological impacts.



5 Conclusion

The integration of pen culture into CBF can enhance production and promote sustainable fisheries in these floodplain wetlands. The present study demonstrates that the adoption of pen culture resulted in a significant increase in fish production. However, the effectiveness of this intervention may vary across different ecosystems, seasons, geographical regions, and species of interest. Variability in these factors could influence the overall success and sustainability of pen culture as a method for enhancing fish production. Therefore, to gain a more comprehensive understanding of the economic feasibility and potential long-term impact of pen culture on wetland fish production, it is essential to conduct trials in a broader range of wetlands across various agroclimatic zones. Such research would provide valuable insights into the general applicability and scalability of pen culture in diverse environmental and socio-economic contexts. SIFs are an integral part of the wetland fisheries. Although low yielding, these species fetch high prices in the local markets and contribute to fisher families’ household nutrition requirements. For success of SIF stock enhancement programmes in wetlands, the natural breeding of the released stock in wetlands needs to be established through further studies for evaluating the sustainability of this approach. The production of these high value species in pens can also provide additional income to the fishers and also reduce fishing pressure on natural stocks. The enhanced species diversity and production will contribute towards ecosystem resilience and reduce the vulnerability in the climate change scenario. The introduction of macrophyte-utilizing species, such as grass carp, can serve a dual purpose by enhancing fish production and aiding in macrophyte management within wetlands. However, it is crucial to assess how such introductions may impact the ecological balance and community structure of wetlands. This requires the collection of primary evidence and the development of predictive ecological models to understand the long-term effects, ensuring that ecosystem integrity is maintained. Such studies are essential for determining the sustainability of grass carp introductions and minimizing potential ecological disruptions. As demonstrated in the present study, pen culture technology holds considerable potential for enhancing fish production in wetlands. However, its implementation and expansion must be approached with caution. Systematic impact assessment studies are needed to document potential ecological risk ensuring the adoption of sustainable management practices and maintain long-term environmental balance. To ensure the long-term viability of both fisheries and wetland ecosystems, it is crucial to balance production benefits with ecological preservation, prioritizing careful planning and scientifically informed interventions.
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Growth trial
SI. No

22
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24

IMC + Minor carps

Particulars Amount (INR)
Fixed cost

Pen cost (0.1 ha CIFRI HDPE pen) 47685.00
Maintenance charges@500INR /pen/year 500.00
Fixed cost/0.1 ha/crop (lfe span: 5 years, No. of crops possible in a year 3) 3679.00
Recurring cost

Cost of seed 30022.00
Cost of feed @43 INR/kg (CIFRI CAGE GROW) 5160000
Miscellaneous (lime, prophylactics) 500.00
Total recurring cost 8212250
Total cost per year 8580150
Value of produced fingerlings 172607.50
Net profit 86806.00

Benefit Cost Ratio (BC ratio) 201

IMC + Grass carp
Amount (INR)

47685.00
500.00

3679.00
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Parameters Labeo catla Labeo rohita

inus mrigala  Ctenopharyngodon idella

Initial weight (g) 465071 3214023 1694019 5184034
Final weight (g) 1885046 1376+ 114 8914098 3207+ 1.6
Weight gain (g) 1420046 1055 114 7224098 2689+ 1.6
Weight gain (%) 30525+ 10.21 328,50 £35.37 427.0£58.32 51903186
Survival (%) 81.23£3.96 7435357 7349£3.64 79.01£3.02
ADG 0.16 0,00 012001 0.08£0.01 0.30£0.02
SGR 156003 162009 184012 203£0.06
Net yield (kg) 76,50 £3.00 51104389 32714391 2535341953

Values are mean £ D (n
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Parameters Labeo catla Labeo rohita Cirrhinus mrigala ~ Systomus sarana Labeo bata

Initial weight (g) 781054 58+021 365019 5334033 61£015

Final weight (g) 4137305 3054+ 146 2120+ 147 38.98+226 2775326
Weight gain (g) 3436 £3.03 2474£123 17,55+ 146 2943%1.67 2165424
Weight gain (%) 440£39 427£25 481517 515431 355426

Survival (%) 85,6390 869+2.10 8284287 87.143.08 826470
ADG 038003 027002 0.20£0.02 0.33£0.09 024004
SGR 1.85+0.80 1844005 195007 2204014 167£0.13
Net yield (kg) 1767 +6.1 1327463 87.7+86 15632 10.1 11525463

Values are mean £ D (n






