


AN ASSESSMENT OF PRODUCTIVITY LEVELS IN A FRESHWATER SYSTEM LOCATED IN THANJAVUR DISTRICT, TAMIL NADU IN THE CONTEXT OF AQUACULTURE

ABSTRACT 
	With the global population projected to reach a billion by the middle of the century and environmental degradation threatening food security, aquaculture is expected to play a vital role in India in ensuring food production. Productivity in turn depends on the production of plankton mass. As estimation of primary productivity gives information on the amount of energy available to support the activity of organisms in an aquatic ecosystem, the present study was attempted in a perennial pond in Swamimalai, Thanjavur District, Tamil Nadu. The present study clearly suggests that the productivity levels are enough for sustaining fish culture. Thus paving the way to beneficially utilize the innumerous utilized water bodies for available in Tamil Nadu for aquaculture.
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INTRODUCTION 
	Productivity of aquatic systems depends on the presence of plankton biomass (Umavathi et al., 2007). Estimation of primary productivity gives an information relating to the amount of energy available to support bioactivity of the system (Vollenweider, 1969). Along with physicochemical conditions of water and soil attributes biotic communities constitute an independent harmonious ecological system (Annamalai et al., 2023). Primary production is an important biological phenomenon in aquatic environment in which phytoplankton acts as a primary producer (Sahu et al., 1995) besides also serving as food for aquatic animals especially for fishes. Some of the scientists reviewed regarding productivity of fresh water here (Siddiqui et al., 1980; Ayappan & Gupta, 1981; Forsberg, 1982; Reghunathan, 1983; Laal, 1984; Patil & Gouder, 1985; Sharma & Srivastava, 1986; Bhati & Rana, 1987; Yousuf, 1988; Palaniappan, 1989; Bais & Agarwal, 1990; Jhingran, 1991; Morris & Mischke, 1999; Ahmed et al., 2013; Ministry of Fisheries, 2021; Thanga Kiruba, 2025). With the global population projected to reach a billion by the middle of the century and challenges such as climate change and environmental degradation threatening food security, aquaculture is expected to play a vital role in ensuring sustainable food production on global scale (FAO, 2016). In this context, it was decided to assess the productivity in a freshwater pond situated in Swamimalai in Kumbakonam taluk of Thanjavur district, Tamil Nadu, India in the context of fish culture. Hence the present study. 
In aquaculture-oriented freshwater ponds, primary productivity is commonly interpreted as a functional indicator of plankton-based food availability, ecosystem metabolism and the potential biological support available for fish production. Peer-reviewed pond studies have shown that fish yield is influenced not only by gross and net primary productivity, but also by nutrient loading, plankton composition, respiration balance and pond-management practice; therefore, productivity values should be interpreted together with ecological and management context rather than as a single standalone predictor of aquaculture output (Noriega-Curtis, 1979; Oláh et al., 1986; Knud-Hansen et al., 1991).
MATERIALS AND METHODS
	The aquatic system chosen for the present investigation is a fresh water fish culture pond situated in Swamimalai at Kumbakonam Taluk of Tanjore District, Tamil Nadu. It is located at a Latitude of 10.96’ N and Longitude of 79.33’ E at an elevation of about 80 MSL. It is a man made fresh water perennial pond with a water spread area of about 0.55 hectares and a depth of about 3.8 m when full. It is currently used for agriculture, fish culture and other domestic human activities. Monthly primary productivity rates of the water was estimated for two years (2025-2026) as per the light and dark bottle technique (Odum, 1971; Vollenweider, 1969; Vaidehi, et. al., 2025) with an incubation period of 12 hours (6:00 a.m. to 18:00 hrs.).
RESULTS AND DISCUSSION
	The Gross Primary Productivity (GPP) (Tables 1 and 2) of the system during the first year was found to range between 6.6 (Jan.) and 10.3 gC/m2 day (May) and in the second year from 7.1 (Jan.) to 10.5 gC/m2/day (May). The net primary productivity (NPP) was found to oscillate between 4.2 (Jan.) and 6.6 gC/m2/day (May) during the first year and from 4.3 (Jan.) to 6.8 gC/m2/day (May) for the second year. The community respiration (CR) during the first year ranged from 2.4 (Jan.) to 3.8 gC/m2/day and in the second year from 2.8 (Jan.) to 4.0 gC/m2/day (May
The observed rise of GPP and NPP from January to May indicates a clear seasonal productivity signal, with higher carbon fixation during the warmer and brighter pre-monsoon period. This pattern is consistent with aquatic metabolism studies showing that gross production, respiration and net production are strongly regulated by light availability, thermal conditions and biological oxygen dynamics in the water column (Fernández Castro et al., 2021; Noriega-Curtis, 1979; Oláh et al., 1986).



Table 1.
Seasonal Variations in Gross Primary Productivity, Net Primary Productivity and
Community Respiration in a Freshwater Pond at Swamimalai
	Year / Month
	Gross Primary Productivity (gC/m2/day) GPP
	Net Primary Productivity (gC/m2/day) NPP
	Community Respiration
(gC/m2/day) CR

	
	2025
	2026
	2025
	2026
	2025
	2026

	[bookmark: _Hlk234676540]January 
	6.6
	7.1
	4.2
	4.3
	2.4
	2.8

	February
	8.7
	7.4
	4.7
	4.9
	2.7
	2.9

	March
	8.9
	8.6
	5.5
	5.6
	3.0
	3.4

	April
	9.7
	9.8
	5.9
	6.2
	3.2
	3.9

	May 
	10.3
	10.5
	6.6
	6.8
	3.8
	4.0

	June
	9.9
	10.1
	6.3
	6.4
	3.6
	3.8

	July
	8.8
	9.7
	6.1
	6.1
	3.3
	3.7

	August
	8.3
	9.3
	5.8
	5.9
	3.2
	3.4

	September
	7.9
	8.8
	5.6
	5.7
	3.0
	3.2

	October
	7.5
	8.4
	5.4
	5.4
	2.8
	3.0

	November
	7.3
	7.9
	5.1
	5.1
	2.7
	2.9

	December
	6.8
	7.5
	4.6
	4.8
	2.5
	3.6

	Average
	8.39
	8.76
	5.48
	5.6
	3.02
	3.34



Table 2.
Ratio between productivity parameters
	NPP:GPP
	
	NPP:CR

	0.63
	
	1.7



The Gross Primary Productivity (GPP) of the system was found to range from 6.6 to 10.5g C/m2/day with the minimum noticed in January and the maximum in May. On the other hand, Net Primary Productivity (NPP) oscillated between 4.2 to 6.8 g C/m2/day again with the least being observed in the month of January and the highest in May. However, Community Respiration (CR) was found to be between 2.4 and 4.0 gC/m2/day with the minimum again recorded in January and the maximum in May.
The close seasonal alignment among GPP, NPP and CR suggests that photosynthetic production and community oxygen demand increased simultaneously during the productive phase of the pond. Similar observations in fertilized and managed fishponds indicate that plankton productivity and respiration often respond jointly to nutrient availability and organic matter processing, which is important when judging the suitability of a pond for aquaculture (Knud-Hansen et al., 1991; Oláh et al., 1986; Fernández Castro et al., 2021).
Primary productivity indicates the rate at which chemosynthetic and photosynthetic organisms convert chemical into solar energy (Zafer & Krishnamoorth, 1986). The maximum values of GPP and NPP in May can be explained because of increased light penetration, which stimulates photosynthesis and in turn increases productivity, while decreased availability of light creates low productivity (Madhupratap et al., 2001; Sharma & Giri 2018; Kavindra et al., 2019). The percentage of the gross production that can be exploited by consumers depends on the NPP: CR relationship (Singh & Singh, 1999; Xiao et al., 2003; Yu & Chen, 2016). Sharma and Giri (2018) observe that a ratio above it implies transparent water and suitable temperature with a high amount of phytoplankton and a ratio of less than 1 indicates that suspended matter prevents light from penetrating, which may result in lower productivity. Here, the ratio was found to be larger than 1, reflecting lower productivity.
The NPP:GPP value of 0.63 indicates that a substantial fraction of gross production remained after respiratory losses, while the NPP:CR value above 1 indicates that production exceeded community respiration during the observed period. However, because fish yield can also depend on grazing pathways, organic inputs, species composition and management intensity, these ratios should be treated as supportive indicators of aquaculture suitability rather than as direct yield estimates (Noriega-Curtis, 1979; Downing & Leibold, 2002; Knud-Hansen et al., 1991).

Figure 1. Seasonal variations in gross primary productivity, net primary production and community respiration in a freshwater pond at Swamimalai
As to the factors that can affect productivity, Singh and Singh (1999) reported that it depends on a variety of factors-both physico-chemical as well as biological. Higher productivity is due to increased planktonic activity and increased nutrient availability (Sharma & Giri 2018). The low productivity may be due to low water temperature and reduced light (Ahmed et al., 2005; Dash et al., 2011; Kavindra et al., 2019; Paresh & Reena 2021). Ogbuagua and Ayoade (2011) observed that low nutrients and high turbidity results in reduced productivity while Boyd (2002) reported that the occurrence of <1% organic carbon can be indicative of low productivity in pond soil and Downing and Leibold (2002) and Boyd (2018) suggested that GPP in fish ponds is closely related to the yield of fishes. Banerjee and Chattopadhyay (2024) and Vaidehi et al. (2025) reported that primary productivity is limited by various soil factors like pH, available N, P and K levels in fish ponds. Even though soil analysis was not done in the present study, a perusal of NPP with physico chemical factors of water like pH, temperature, and phosphate levels showed a positive correlation (r = 0.98; r = 0.74; r = 0.90) indicating their inter relationships.
The positive association of NPP with pH, temperature and phosphate in the present study is ecologically plausible, because nutrient enrichment and thermal-light conditions can stimulate primary producers when other limiting factors remain within tolerable ranges. At the same time, nutrient-driven productivity requires careful management, as excessive nitrogen and phosphorus inputs may shift freshwater systems toward eutrophic conditions and reduce water quality for aquaculture (Carpenter et al., 1998; Dodds & Smith, 2016; Knud-Hansen et al., 1991).
The Gross Primary Productivity (GPP) of the system was found to range from 6.6 to 10.5g C/m2/day with the minimum observed in the month of January and the maximum in the month of May. On the other hand, Net Primary Productivity (NPP) oscillated between 4.2 to 6.8 g C/m2/day again with the minimum being observed in the month of January and the maximum, in May. However, Community Respiration (CR) was found to be between 2.4 and 4.0 gC/m2/day with the minimum again being recorded in January and the maximum in May. Thirunavukkarasu et al. (2013) suggested that apart from the influence of physicochemical factors on phytoplankton population, the grazing rate of zooplankton is one of the major factors that influence the size of the standing crop of phytoplankton and thereby the rate of production. In addition they also reported that the production rate of phytoplankton will vary from place to place depending on geographical location and enrichment of water bodies. According to Ganf and Horne (1975) respiration as percent of gross production may be used as a measure of the eutrophic nature of the water body and Umavathy et al. (2007) suggested that in a productive aquatic ecosystem respiration accounts for a large proportion of GPP.
Taken together, the productivity values, NPP:GPP ratio and NPP:CR ratio indicate that the Swamimalai pond maintained measurable autotrophic production during both years of observation. This supports its potential usefulness for fish culture, provided that future management also monitors nutrients, phytoplankton composition, dissolved oxygen and sediment conditions, because pond productivity and fish yield are shaped by interacting biological and physicochemical controls (Oláh et al., 1986; Downing & Leibold, 2002; Fernández Castro et al., 2021).


CONCLUSION 
	The study can be useful for managing the fresh water ponds in this region and for ensuring that the local communities have access to clean water. Additionally, it highlights the importance of monitoring and understanding the seasonal variation in fresh water pond productivity and taking appropriate measures to improve the water quality in these systems. A futuristic approach to the seasonal variation of fresh water pond productivity in the semiarid region could involve implementing new technologies and techniques to better manage these systems. For example, incorporating smart monitoring systems that can track changes in water quality and productivity in real time would allow for timely interventions and improvements for the aquaculture. Additionally, implementing sustainable practices such as rainwater harvesting and incorporating constructed wetlands, can help improve the overall health of the fresh water ponds and reduce their dependence on external inputs to produce more fish production.
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