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SEASONAL VARIATIONS IN PRIMARY PRODUCTIVITY OF A FRESHWATER POND, TAMILNADU, INDIA
ABSTRACT 

The dynamics of ponds as natural systems are controlled by both abiotic and biotic components. The diversity, distribution, and abundance of plankton and variation according to abiotic factors provide information on energy turnover in an aquatic system. The present study was conducted in a freshwater system located in Kumbagonam, Tamil Nadu, India, to assess the productivity of the freshwater ecosystem. The aquatic system chosen for the present investigation is a freshwater pond situated in Swamimalai in Kumbakonam Taluk of Tanjore District, Tamilnadu, India. The monthly primary productivity rates of the water were estimated for two years for the surface by incubation of waters samples in 120 ml bottles as per the light and dark bottle technique with an incubation period of 12 hours. The Gross Primary Productivity (GPP) was found to range between 33.6 and 64.4 g O2/m2/day while Net Primary Productivity (NPP) ranged between 15 and 37.4 g O2/m2/day and Community Respiration (CR) from 12.6 to 29.2 g O2/m2/day during the period of study. The minimal levels of NPP and CR were recorded in November, while the minimum NPP was recorded in October. However, the maximal levels of GPP, NPP and CR were uniformly recorded in June throughout the period of study. It is suggested that apart from the influence of physico-chemical 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 respiration as a percent of gross production may be used as a measure of the eutrophic nature of the water body and many workers suggested that in a productive aquatic ecosystem, respiration account for a large proportion of Gross Primary Productivity (GPP).
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INTRODUCTION
Water is extremely essential for all forms of life. The quality of water is a vital concern for mankind as it is directly related to human welfare (Sekar et al., 2011).  Aquatic systems are important resources as they are directly used for drinking, bathing, agriculture, transportation, power generation, recreation and other human-related activities like waste disposal (Jafar Ahamed and Loganathan, 2017).

The dynamics of ponds as natural systems are controlled by both abiotic and biotic components. The physico-chemical characteristics of the specific system collectively give rise to an abiotic frame where only those organisms containing a fundamental niche that suitably fits within this specific abiotic range can have fitness to survive and reproduce. Within the abiotic frame, the biotic interactions taking place among the organisms further shape the community. The frame position will change in different directions on account of different disturbances, giving rise to different compositions of the resulting pond productive community (Manoj and Padhy, 2016). Net Primary Production (NPP) refers to the amount of organic matter produced by photosynthetic organisms, such as algae and aquatic plants, in a given period. NPP is calculated as the difference between Gross Primary Production (GPP) and respiration. Gross Primary Production (GPP) refers to the total amount of organic matter produced by photosynthetic organisms through photosynthesis. GPP measures the total energy captured and stored by photosynthetic organisms in a given period. Respiration refers to the process by which photosynthetic organisms convert stored energy into usable energy, releasing carbon dioxide and other waste products. Respiration is an essential component of the overall energy balance in the pond ecosystem and can significantly impact NPP and the overall functioning of the pond ecosystem (Rani et al., 2023).
The diversity, distribution, and abundance of plankton and variation according to abiotic factors provide information on energy turnover in an aquatic system (Mary Kensa and Jospin Ida, 2017; Arulraj et al., 2019). In addition, the diversity index can also be used for habitat characterisation (De Dormitrovic, 2007; Cardoso et al., 2012).  Hence, study on the relationship between phytoplankton productivity and ecosystem functioning are essential to develop appropriate conservation strategies in aquatic ecosystems then only it can be used for aquaculture. The responses of planktonic algae's primary productivity and community structure to different nutritional conditions have been studied in rivers, lakes, and reservoirs; however, previous studies have mainly focused on planktonic algae at the phylum level (Bao et al., 2020).
Phytoplanktons are the primary producers and constitute the first trophic level in an aquatic food chain (Shanthala et al., 2009; Arulraj et al., 2017; Arulraj et al., 2019). Phytoplankton diversity has relationship with productivity in ecology (Vallina et al., 2014). Changes in physico-chemical characteristics as well as nutrient levels strongly influence the phytoplanktonic productivity structure in an area of the pond ecosystem. Considering the above observations, the present study was conducted in a freshwater system located in Kumbagonam, Tamil Nadu, India, to assess the productivity of the freshwater ecosystem.

MATERIALS AND METHODS
The aquatic system chosen for the present investigation is a freshwater pond situated in Swamimalai in Kumbakonam Taluk of Tanjore District, Tamilnadu, India. 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 manmade freshwater perennial pond with a water spread area of about 0.55 hectares and a depth of about 4.8 m when full. It is currently used for agriculture and other domestic human activities to assess the productivity of the pond. The monthly primary productivity rates of the water were estimated for two years for the surfaceby incubation of water samples in 120 ml bottles as per the light and dark bottle technique (Gaarder and Gran, 1927; Vollenweider, 1969) with an incubation period of 12 hours (6:00 a.m. to 6:00 p.m.).
RESULTS AND DISCUSSION
The seasonal variation in productivity and community respiration is presented in Table 1. As evident from the table, the gross primary productivity (GPP) was found to range between 33.6 and 64.4 g O2/m2/day for the first year and from 35.2 to 60.6 g O2/m2/day in the second year. While the minimal levels were recorded in November, the maximum levels were noticed in June for both years of study.

The net primary productivity (NPP) was found to range between 21.5 and 35.2 g O2/m2/day during the first year and between 22.4 and 37.4 g O2/m2/day in the second year. While the minimal levels were noticed in October, the maximal levels were noticed in June for both years of study.

Community respiration (CR) was found to range from 12.6 to 29.2 g O2/m2/ day during the first year and from 13.2 to 26.2 g O2/m2/day in the second year. The minimal level was noticed in November the maximal level in June for both years of study.

Literature reveals that many scientists have also reported maximum NPP, GPP and CRR to occur during the summer months and the lowest levels during the rainy/ winter season in several freshwater systems of India (Sreenivasan, 1964, Nasar and Munshi, 1975; Kannan, 1978; Siddique et al., 1980; Sivakami, 1996, Umavathi et al., 2007; Verma and Srivastava, 2016; Arumugam, 2017; Durairaj and Sivakami, 2020).

As to the factors which affect productivity, several authors have reported a significant direct relationship with temperature (Vijayaraghavan, 1983; Eloranta and Salminer, 1984; Verma and Mohantry, 1995; Sivakami, 1996; Umavathy, et al., 2007; Thirunavukkarasu et al., 2013, Arulraj et al., 2022). In the present study also, there was a significant positive correlation with temperature (r = 0.28) Ayyappan and Gupta (1985) reported that primary production depends on various hydrographic factors like pH, free CO2, alkalinity and hardness of water. In the present also there was a positive correlation between primary productivity and pH (r = 0.49), free CO2 (r = 0.43) and alkalinity (r = 0.94). Sivakami (1996), however, reported that pH, phosphate and nitrate are important factors that control productivity in the aquatic system. This also appeared to be true in the present study as both phosphate (r = 0.49) and nitrate (r = 0.54) recorded a positive correlation with productivity. Similar observations were also made by Kund Hansen, (1997) and Lin et al. (1997). Thirunavukkarasu et al. (2013) suggested that apart from the influence of physicochemical factors on phytoplankton population, the grazing rate ofzooplankton 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 account for a large proportion of GPP.
Pond water productivity refers to the ability of a pond to support and sustain aquatic life and other beneficial uses, such as fishing, recreation, and the cultivation of aquatic plants. Various physical, chemical, and biological factors, such as temperature, dissolved oxygen levels, pH, nutrient levels, and the presence of pollutants, can influence the productivity of pond water. Pond water pollution can significantly impact human sustainability, and it is essential to take measures to reduce its impact and maintain pond water quality. By doing so, the benefits that the pond provides, such as fishing, recreation, and the cultivation of aquatic plants, can be sustained, and the health of the local communities and the environment can be protected (Rani et al., 2023; Kritish and Dwivedi, 2024). 
Table – 1 
Seasonal Variations of Productivity and Community Respiration in the Pond 
	S.No
	Month
	Gross Primary Productivity (gO2/m2/day)
	Net Primary Productivity
(gO2/m2/day)
	Community Respiration

(gO2/m2/day)

	
	
	2023-24
	2024-25
	2023-24
	2024-25
	2023-24
	2024-25

	1.
	April
	54.3
	56.8
	31.2
	33.4
	19.8
	20.4

	2.
	May
	58.9
	57.5
	33.4
	35.5
	21.6
	22.0

	3.
	June
	64.4
	60.6
	35.2
	37.4
	29.2
	26.2

	4.
	July
	56.4
	49.4
	31.2
	35.2
	25.2
	17.2

	5.
	August
	49.6
	36.7
	22.3
	30.1
	16.7
	14.3

	6.
	September
	41.5
	38.2
	26.4
	28.4
	14.6
	15.2

	7.
	October
	43.1
	38.8
	21.5
	22.4
	13.6
	16.4

	8.
	November
	33.6
	35.2
	21.6
	26.2
	12.6
	13.2

	9.
	December
	35.7
	36.4
	22.4
	26.9
	13.3
	13.5

	10.
	January
	38.7
	43.0
	24.2
	28.4
	14.5
	14.6

	11.
	February
	46.7
	48.4
	27.6
	31.2
	16.4
	17.2

	12.
	March
	50.8
	51.9
	29.8
	32.4
	18.4
	19.5


2023-2024 I year 
2024-2025 II year
Figure – 1
Seasonal Variations of Productivity and Community Respiration in the Pond 
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Conclusion

The study can be useful for managing the 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 pond productivity and taking appropriate measures to improve the water quality in these systems. A futuristic approach to the seasonal variation of 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 realtime would allow for timely interventions and improvements. Additionally, implementing sustainable practices such as rainwater harvesting and incorporating constructed wetlands, can help improve the overall health of the ponds and reduce their dependence on external inputs.
REFERENCES 
Arulraj, M.S., Vijayan, S. and Anbalagan, S. (2017). A pilot study of leaf litter associated diatoms in five streams of Southern Western Ghats, India. International Journal of Environmental Biology, 7 (2): 27-31.

Arulraj, M.S., Anbalagan, S. and Vijayan, S. (2019). Periphytic diatom colonization and litter decomposition in an intermittent stream of South India. Journal of Basic Microbiology, 1, 1-7.

Arulraj, M.S., Rekha, K., Vijayan, S. and Anbalagan, S. (2022). Periphytic microalgae colonization in mosquito breeding stream puddles of Southern Western Ghats. nternational Journal of Mosquito Research, 9(4): 40-48.
Sekar, S., Naz, I., Ali, M.I., and Ahmed, S. 2011. Monitoring of physico- chemical and microbiological analysis of underground water samples of district Kallar Syedan, Rawalpindi, Pakisthan. Res. J. Chem. Scie., 1. 24 – 30.

Jafar Ahamed, A. and Loganathan, K. 2017. Water quality concern in the Amaravathi river basin of Karur district: a view at heavy metal concentration and their interrelationships using geostatistical and multivariate analysis. Geo. Ecol. Landscapes, 1(1): 19 – 36.

Manoj, K. and Padhy, P.K. 2016. Environmental perspectives of pond ecosystems: Global issues, services and Indian Scenaries. 10(3): 848 – 867.

Mary Kensa, V. and Jespin Ida, C. 2017. Phytoplankton diversity of Suchindram pond of Kanyakumari district, Tamil Nadu, South India. Int. J. Acad. Res. Dev., 2 (6) : 1135 – 1140.

De Domitrovic, 2007. Abundance and diversity of phytoplankton in the Parana river, Argentina 220 km doronstream of the Uacureta reservoir. Braz. J. Biol., 67 (1). 53 – 63.

Cardoso, S.J. Roland, F., Oliviera, S.M.L. and Huszar, V.L., 2012. Phytoplankton abundance, biomass and diversity within and between Pantanal wet land habitats. Limnot., 42 : 235 – 241.

Shanthala, M., Shankar, P., Hosmani, B. and Hosetti, B. 2009. Density of Phytoplanktons in a waste stabilization pond at Shimoga town, Karnataka State, India. Environ. Monit. Assess., 151 : 437 – 443.

Vallina, S.M., Follows, M.J. Dutewicz, S., Mntoya, J.M., Ceremero, P. and Loreau, M. 2014. Global relationship between Phytoplankton density and productivity in the Ocean Nat Comm. 5: 4299.

Gaarder, T. and Gram, M. M. 1927. Investigation on the production of plankton in the Oslo Fjord. Rapp. et. Proc. Verb. Cons. Int. Explor. Mer., 42 : 1 – 48.

Vollenweider, R.A. 1969. A manual on methods for measuring primary production in aquatic environments. IBP Handbook No. 12: Black Well Scientific Publications, Oxford and Edinbnurg.

Sreenivasan, A. 1964. Limnological studies and fish yield in three upland lakes of Madras State (India). Limnol. Oceanorgr., 2 : 564 – 575.

Nasar, S.A.K. and Datta Munshi, J.S. 1975. Studies on the primary production of a freshwater pond. Jap. J. Ecol. 25, 21 – 23.

Kannan, V. 1978. The Limnology of Sathiar. A freshwater impoundment. Ph.D., thesis, Madurai Kamaraj University, India. pp. 48.

Siddiqui, E.N., Singh, N.K., Bilgrami, K. S. and Munshi Datta, J. S. 1980. Algae of the river Ganga, India I, Chlorococales, Nova Hedwigia, 32,789 – 796.

Sivakami, R. 1996. Limnological profile of two contrasting lentic systems and their potential for aquaculture. Ph.D. Thesis, Bharathidasan University, Tiruchirappalli. pp. 230.

Umavathi, S., Longakumar, K. and Subhashini. D. 2007. Studies on the nutrient content of Sulur pond in Coimbator, Tamil Nadu, Journal of Ecology and Environmental Conservation, 13(5), pp. 501 – 504.

Verma, M. and Srivastava, D. 2016. Study of factors affecting phytoplankton primary productivity in a pond of Patna, Bihar, India. Int. Revue. Ges. Hydrobiol., 5: 70 – 77.

Arumugam, V. 2017. Limnobiological studies of man, made lake. Ph.D. Thesis, Bharathidasan University, Tiruchirappalli - 620 024.

Durairaju, R. and Sivakami, R. 2020. Seasonal distribution of phytoplankton diversity and primary production in a fresh waterpond at Kumbakonam, Tamilnadu, India. Plant Archives. 2: 15-19.
Vijayaraghavan, V. 1971. Seasonal variation in primary productivity in three tropical ponds. Hydrobiologia, 38: 395 – 408.

Eloranta, P.V. and Salminer, R. 1984. Phytoplankton in eutrophic cooling water pond. Hydrobiologia, 118 : 267 – 274.

Verma, J.P. and Mohanty, R.C. 1995. Phytoplankton of Malyanta pond of Laxmisagar and its correlation with physicochemical parameters. Poll Res., 14: 243 – 253.

Thirunavukkarasu, K., Soundarapandian, P., Varadharajan, D. and Gunalan, B., 2013. Phytoplankton composition and community structure of Kottakudi and Nari Backwaters, South East of Tamil Nadu. J. Aquac. Res. Development 5: 211 doi:10.4172/2155-9546.1000211.

Ayyappan, S. and Gupta, T.R.C. 1980. Limnology of Ramasamudra Tank. J. In. F. Soc. India., 12, 1 – 12.

Kund-Hansen, C.F. 1997. Effect of fertilization frequency on the production of Nile tilapia (Oreochromis niloticus) Aquaculture, 123, pp. 271 – 280.

Lin, S., Zhang, H., Zhuang, Y., Bao, T. and Gill, J. 1997. Spliced lea-der-based metatranscriptomic analyses lead to recognition of hidden genomic features in dinoﬂagellates. Proc. Natl. Acad, pp. 28.

Ganf, G.G. and Horne, J.A. 1975. Diurnal stratification, photosynthresis and nitrogen-fixation in a shallow, equatorial lake (Lake George, Uganda). Freshw. Biol. 5, 13 – 39.
S Rani, L S Chandolia, P Devi, A Giri.Seasonal Variation of Pond Water Productivity In A Semi-Arid Region Of India. Bull. Env.Pharmacol. Life Sci., Vol 12 [4] March 2023: 111-121
Bao, Q., Liu, Z., Zhao, M., Hu, Y., Li, D., Han, C., ... & Zhang, Y. (2020). Primary productivity and seasonal dynamics of planktonic algae species composition in karst surface waters under different land uses. Journal of Hydrology, 591, 125295.
Kritish De, A. K. Dwivedi.2024, Bridging gaps in the Indian freshwater biodiversity conservation through science-based and policy-backed recommendations, Ecohydrology & Hydrobiology Vol.24(1):169-77.

_1806142604.xls
Chart1

		Apr.		Apr.		Apr.		Apr.		Apr.		Apr.		Apr.		Apr.		Apr.		Apr.		Apr.		Apr.

		Mar.		Mar.		Mar.		Mar.		Mar.		Mar.		Mar.		Mar.		Mar.		Mar.		Mar.		Mar.

		Jun.		Jun.		Jun.		Jun.		Jun.		Jun.		Jun.		Jun.		Jun.		Jun.		Jun.		Jun.

		Jul.		Jul.		Jul.		Jul.		Jul.		Jul.		Jul.		Jul.		Jul.		Jul.		Jul.		Jul.

		Aug.		Aug.		Aug.		Aug.		Aug.		Aug.		Aug.		Aug.		Aug.		Aug.		Aug.		Aug.

		Sep.		Sep.		Sep.		Sep.		Sep.		Sep.		Sep.		Sep.		Sep.		Sep.		Sep.		Sep.

		Oct.		Oct.		Oct.		Oct.		Oct.		Oct.		Oct.		Oct.		Oct.		Oct.		Oct.		Oct.

		Nov.		Nov.		Nov.		Nov.		Nov.		Nov.		Nov.		Nov.		Nov.		Nov.		Nov.		Nov.

		Dec.		Dec.		Dec.		Dec.		Dec.		Dec.		Dec.		Dec.		Dec.		Dec.		Dec.		Dec.

		Jan.		Jan.		Jan.		Jan.		Jan.		Jan.		Jan.		Jan.		Jan.		Jan.		Jan.		Jan.

		Feb.		Feb.		Feb.		Feb.		Feb.		Feb.		Feb.		Feb.		Feb.		Feb.		Feb.		Feb.

		Mar.		Mar.		Mar.		Mar.		Mar.		Mar.		Mar.		Mar.		Mar.		Mar.		Mar.		Mar.



Cyanophyceae  I

Cyanophyceae II

Chlorophyceae  I

Chlorophyceae  II

Bacillariophyceae I

Bacillariophyceae II

Euglenophyceae I

Euglenophyceae II

Dianophyceae I

Dianophyceae II

Total Count I

Total Count II

Months

i/l

600

790

610

700

330

420

220

320

10

10

1170

2240

850

770

540

640

450

520

380

400

20

10

2240

2340

590

340

400

430

520

600

450

500

10

0

1970

1870

390

390

270

310

630

710

330

440

0

0

1620

1850

200

230

130

110

570

700

100

220

0

0

1000

1260

330

360

130

170

390

440

80

50

0

0

930

1020

380

440

210

240

170

220

70

40

20

0

850

940

410

500

280

380

100

120

50

30

40

30

880

1060

560

630

440

510

160

270

40

30

40

50

1240

1490

1110

1160

510

640

150

160

50

80

50

80

1870

2120

1140

1290

680

780

220

230

80

130

60

80

2180

2510

970

980

670

820

270

300

100

150

40

40

2050

2290



Chart2

		Apr.		Apr.		Apr.		Apr.		Apr.		Apr.		Apr.		Apr.		Apr.		Apr.

		Mar.		Mar.		Mar.		Mar.		Mar.		Mar.		Mar.		Mar.		Mar.		Mar.

		Jun.		Jun.		Jun.		Jun.		Jun.		Jun.		Jun.		Jun.		Jun.		Jun.

		Jul.		Jul.		Jul.		Jul.		Jul.		Jul.		Jul.		Jul.		Jul.		Jul.

		Aug.		Aug.		Aug.		Aug.		Aug.		Aug.		Aug.		Aug.		Aug.		Aug.

		Sep.		Sep.		Sep.		Sep.		Sep.		Sep.		Sep.		Sep.		Sep.		Sep.

		Oct.		Oct.		Oct.		Oct.		Oct.		Oct.		Oct.		Oct.		Oct.		Oct.

		Nov.		Nov.		Nov.		Nov.		Nov.		Nov.		Nov.		Nov.		Nov.		Nov.

		Dec.		Dec.		Dec.		Dec.		Dec.		Dec.		Dec.		Dec.		Dec.		Dec.

		Jan.		Jan.		Jan.		Jan.		Jan.		Jan.		Jan.		Jan.		Jan.		Jan.

		Feb.		Feb.		Feb.		Feb.		Feb.		Feb.		Feb.		Feb.		Feb.		Feb.

		Mar.		Mar.		Mar.		Mar.		Mar.		Mar.		Mar.		Mar.		Mar.		Mar.



Cyanophyceae  I

Cyanophyceae II

Chlorophyceae  I

Chlorophyceae  II

Bacillariophyceae I

Bacillariophyceae II

Euglenophyceae I

Euglenophyceae II

Dianophyceae I

Dianophyceae II

Months

%

33.89

35.26

34.46

31.25

18.64

18.75

12.42

14.28

0.5

0.4

37.94

32.9

24.1

27.35

20.08

22.22

16.96

17.09

0.8

0.4

29.94

18.18

20.3

22.99

26.39

32.08

22.84

26.73

0.5

0

24.07

21.08

16.66

16.75

38.88

38.37

20.37

23.78

0

0

20

18.25

13

8.73

57

55.55

10

17.46

0

0

35.48

35.19

13.97

16.66

41.93

43.13

8.6

4.9

0

0

44.7

46.8

24.7

25.53

20

23.4

8.23

4.25

2.35

0

46.59

47.16

31.81

35.84

11.36

11.32

5.68

2.83

4.54

2.83

45.16

42.28

35.48

34.22

12.9

18.12

3.22

2.01

3.22

3.35

59.35

54.71

27.27

30.18

8.02

7.54

2.67

3.77

2.67

3.77

52.29

51.39

31.19

31.07

10.09

9.16

3.66

5.17

2.75

3.18

47.31

42.79

32.68

35.8

13.17

13.1

4.87

6.55

1.95

1.74



Chart3

		Apr.		Apr.		Apr.		Apr.		Apr.		Apr.		Apr.		Apr.		Apr.		Apr.		Apr.		Apr.		Apr.		Apr.

		Mar.		Mar.		Mar.		Mar.		Mar.		Mar.		Mar.		Mar.		Mar.		Mar.		Mar.		Mar.		Mar.		Mar.

		Jun,		Jun,		Jun,		Jun,		Jun,		Jun,		Jun,		Jun,		Jun,		Jun,		Jun,		Jun,		Jun,		Jun,

		Jul.		Jul.		Jul.		Jul.		Jul.		Jul.		Jul.		Jul.		Jul.		Jul.		Jul.		Jul.		Jul.		Jul.

		Aug.		Aug.		Aug.		Aug.		Aug.		Aug.		Aug.		Aug.		Aug.		Aug.		Aug.		Aug.		Aug.		Aug.

		Sep.		Sep.		Sep.		Sep.		Sep.		Sep.		Sep.		Sep.		Sep.		Sep.		Sep.		Sep.		Sep.		Sep.

		Oct.		Oct.		Oct.		Oct.		Oct.		Oct.		Oct.		Oct.		Oct.		Oct.		Oct.		Oct.		Oct.		Oct.

		Nov.		Nov.		Nov.		Nov.		Nov.		Nov.		Nov.		Nov.		Nov.		Nov.		Nov.		Nov.		Nov.		Nov.

		Dec.		Dec.		Dec.		Dec.		Dec.		Dec.		Dec.		Dec.		Dec.		Dec.		Dec.		Dec.		Dec.		Dec.

		Jan.		Jan.		Jan.		Jan.		Jan.		Jan.		Jan.		Jan.		Jan.		Jan.		Jan.		Jan.		Jan.		Jan.

		Feb.		Feb.		Feb.		Feb.		Feb.		Feb.		Feb.		Feb.		Feb.		Feb.		Feb.		Feb.		Feb.		Feb.

		Mar.		Mar.		Mar.		Mar.		Mar.		Mar.		Mar.		Mar.		Mar.		Mar.		Mar.		Mar.		Mar.		Mar.



Protozoa I

Protozoa II

Rotifera I

Rotifera II

Cladocera I

Cladocera II

Copepoda I

Copepoda II

Ostracoda I

Ostracoda II

Anostraca I

Anostraca II

Total Count I

Total Count II

Months

i/l

30

20

440

510

90

70

50

40

10

30

0

0

620

670

20

30

610

610

200

160

40

30

20

30

0

0

890

860

40

60

730

600

280

240

20

30

40

50

0

0

1110

980

30

20

560

550

300

250

60

70

80

40

0

0

1030

930

0

0

360

400

240

170

110

130

130

90

0

0

840

790

0

0

220

230

160

60

130

190

170

120

10

10

690

610

0

0

170

160

100

50

210

240

170

130

20

30

670

610

30

10

120

180

60

40

260

290

140

90

30

40

640

650

40

50

90

90

50

40

240

310

130

80

20

10

570

580

20

20

150

130

50

40

180

220

80

70

0

10

480

490

10

10

180

200

50

40

120

140

60

60

0

0

420

450

0

10

240

230

60

40

80

90

30

50

0

0

410

420



Chart4

		Apr.		Apr.		Apr.		Apr.		Apr.		Apr.		Apr.		Apr.		Apr.		Apr.		Apr.		Apr.

		Mar.		Mar.		Mar.		Mar.		Mar.		Mar.		Mar.		Mar.		Mar.		Mar.		Mar.		Mar.

		Jun.		Jun.		Jun.		Jun.		Jun.		Jun.		Jun.		Jun.		Jun.		Jun.		Jun.		Jun.

		Jul.		Jul.		Jul.		Jul.		Jul.		Jul.		Jul.		Jul.		Jul.		Jul.		Jul.		Jul.

		Aug.		Aug.		Aug.		Aug.		Aug.		Aug.		Aug.		Aug.		Aug.		Aug.		Aug.		Aug.

		Sep.		Sep.		Sep.		Sep.		Sep.		Sep.		Sep.		Sep.		Sep.		Sep.		Sep.		Sep.

		Oct.		Oct.		Oct.		Oct.		Oct.		Oct.		Oct.		Oct.		Oct.		Oct.		Oct.		Oct.

		Nov.		Nov.		Nov.		Nov.		Nov.		Nov.		Nov.		Nov.		Nov.		Nov.		Nov.		Nov.

		Dec.		Dec.		Dec.		Dec.		Dec.		Dec.		Dec.		Dec.		Dec.		Dec.		Dec.		Dec.

		Jan.		Jan.		Jan.		Jan.		Jan.		Jan.		Jan.		Jan.		Jan.		Jan.		Jan.		Jan.

		Feb.		Feb.		Feb.		Feb.		Feb.		Feb.		Feb.		Feb.		Feb.		Feb.		Feb.		Feb.

		Mar.		Mar.		Mar.		Mar.		Mar.		Mar.		Mar.		Mar.		Mar.		Mar.		Mar.		Mar.



Protozoa I

Protozoa II

Rotifera I

Rotifera II

Cladocera I

Cladocera II

Copepoda I

Copepoda II

Ostracoda I

Ostracoda II

Anostraca I

Anostraca II

Months

%

4.83

3.23

70.96

76.11

14.51

10.44

8.06

5.97

1.61

4.47

0

0

2.24

3.48

68.53

70.93

22.47

18.6

4.49

3.48

2.24

3.48

0

0

3.6

6.12

65.76

61.22

25.22

24.48

1.8

3.06

3.6

5.1

0

0

2.91

2.15

54.36

59.13

29.12

26.88

5.82

7.52

7.76

4.3

0

0

0

0

42.85

50.63

28.57

21.51

13.09

16.45

15.47

11.39

0

0

0

0

31.88

37.7

23.18

9.83

18.84

31.14

24.63

19.67

1.44

1.63

0

0

25.37

26.22

14.92

8.19

31.34

39.34

25.37

2.13

2.98

4.91

4.68

1.53

18.75

27.69

9.37

6.15

40.62

44.61

21.87

13.84

4.68

6.15

7.01

8.62

15.78

15.51

8.77

6.89

42.1

53.44

22.8

13.79

3.5

1.72

4.16

4.08

31.25

26.53

10.41

8.16

37.5

44.89

16.66

14.28

0

2.04

2.38

2.22

42.85

44.44

11.9

8.88

28.57

31.11

14.28

13.33

0

0

0

2.38

58.53

54.76

14.63

9.52

19.51

21.42

7.31

11.9

0

0



Chart5

		April		April		April		April		April		April

		May		May		May		May		May		May

		June		June		June		June		June		June

		July		July		July		July		July		July

		August		August		August		August		August		August

		September		September		September		September		September		September

		October		October		October		October		October		October

		November		November		November		November		November		November

		December		December		December		December		December		December

		January		January		January		January		January		January

		February		February		February		February		February		February

		March		March		March		March		March		March



Gross Primary Productivity (gO2/m2/day)  2018-19

Gross Primary Productivity (gO2/m2/day)  2019-20

Net Primary Production  (gO2/m2/day) 2018-19

Net Primary Production  (gO2/m2/day) 2019-20

Community Respiration (gO2/m2/day)  2018-19

Community Respiration (gO2/m2/day)  2019-20

Months

gO2/m2/day

54.3

56.8

31.2

33.4

19.8

20.4

58.9

57.5

33.4

35.5

21.6

22

64.4

60.6

35.2

37.4

29.2

26.2

56.4

49.4

31.2

35.2

25.2

17.2

49.6

36.7

22.3

30.1

16.7

14.3

41.5

38.2

26.4

28.4

14.6

15.2

43.1

38.8

21.5

22.4

13.6

16.4

33.6

35.2

21.6

26.2

12.6

13.2

35.7

36.4

22.4

26.9

13.3

13.5

38.7

43

24.2

28.4

14.5

14.6

46.7

48.4

27.6

31.2

16.4

17.2

50.8

51.9

29.8

32.4

18.4

19.5



Sheet1

		

						Species		Year		Apr.		Mar.		Jun.		Jul.		Aug.		Sep.		Oct.		Nov.		Dec.		Jan.		Feb.		Mar.

						Cyanophyceae		I		600		850		590		390		200		330		380		410		560		1110		1140		970

								II		790		770		340		390		230		360		440		500		630		1160		1290		980

						Chlorophyceae		I		610		540		400		270		130		130		210		280		440		510		680		670

								II		700		640		430		310		110		170		240		380		510		640		780		820

						Bacillariophyceae		I		330		450		520		630		570		390		170		100		160		150		220		270

								II		420		520		600		710		700		440		220		120		270		160		230		300

						Euglenophyceae		I		220		380		450		330		100		80		70		50		40		50		80		100

								II		320		400		500		440		220		50		40		30		30		80		130		150

						Dianophyceae		I		10		20		10		-		-		-		20		40		40		50		60		40

								II		10		10		-		-		-		-		-		30		50		80		80		40

						Total Count		I		1170		2240		1970		1620		1000		930		850		880		1240		1870		2180		2050

								II		2240		2340		1870		1850		1260		1020		940		1060		1490		2120		2510		2290

								Species		Year		Apr.		Mar.		Jun.		Jul.		Aug.		Sep.		Oct.		Nov.		Dec.		Jan.		Feb.		Mar.

								Cyanophyceae		I		33.89		37.94		29.94		24.07		20		35.48		44.7		46.59		45.16		59.35		52.29		47.31

										II		35.26		32.9		18.18		21.08		18.25		35.19		46.8		47.16		42.28		54.71		51.39		42.79

								Chlorophyceae		I		34.46		24.1		20.3		16.66		13		13.97		24.7		31.81		35.48		27.27		31.19		32.68

										II		31.25		27.35		22.99		16.75		8.73		16.66		25.53		35.84		34.22		30.18		31.07		35.8

								Bacillariophyceae		I		18.64		20.08		26.39		38.88		57		41.93		20		11.36		12.9		8.02		10.09		13.17

										II		18.75		22.22		32.08		38.37		55.55		43.13		23.4		11.32		18.12		7.54		9.16		13.1

								Euglenophyceae		I		12.42		16.96		22.84		20.37		10		8.6		8.23		5.68		3.22		2.67		3.66		4.87

										II		14.28		17.09		26.73		23.78		17.46		4.9		4.25		2.83		2.01		3.77		5.17		6.55

								Dianophyceae		I		0.5		0.8		0.5		0		0		0		2.35		4.54		3.22		2.67		2.75		1.95

										II		0.4		0.4		0		0		0		0		0		2.83		3.35		3.77		3.18		1.74

										Family		Year		Apr.		Mar.		Jun,		Jul.		Aug.		Sep.		Oct.		Nov.		Dec.		Jan.		Feb.		Mar.

										Protozoa		I		30		20		40		30		0		0		0		30		40		20		10		0

												II		20		30		60		20		0		0		0		10		50		20		10		10

										Rotifera		I		440		610		730		560		360		220		170		120		90		150		180		240

												II		510		610		600		550		400		230		160		180		90		130		200		230

										Cladocera		I		90		200		280		300		240		160		100		60		50		50		50		60

												II		70		160		240		250		170		60		50		40		40		40		40		40

										Copepoda		I		50		40		20		60		110		130		210		260		240		180		120		80

												II		40		30		30		70		130		190		240		290		310		220		140		90

										Ostracoda		I		10		20		40		80		130		170		170		140		130		80		60		30

												II		30		30		50		40		90		120		130		90		80		70		60		50

										Anostraca		I		0		0		0		0		0		10		20		30		20		0		0		0

												II		0		0		0		0		0		10		30		40		10		10		0		0

										Total Count		I		620		890		1110		1030		840		690		670		640		570		480		420		410

												II		670		860		980		930		790		610		610		650		580		490		450		420

												Family		Year		Apr.		Mar.		Jun.		Jul.		Aug.		Sep.		Oct.		Nov.		Dec.		Jan.		Feb.		Mar.

												Protozoa		I		4.83		2.24		3.6		2.91		0		0		0		4.68		7.01		4.16		2.38		0

														II		3.23		3.48		6.12		2.15		0		0		0		1.53		8.62		4.08		2.22		2.38

												Rotifera		I		70.96		68.53		65.76		54.36		42.85		31.88		25.37		18.75		15.78		31.25		42.85		58.53

														II		76.11		70.93		61.22		59.13		50.63		37.7		26.22		27.69		15.51		26.53		44.44		54.76

												Cladocera		I		14.51		22.47		25.22		29.12		28.57		23.18		14.92		9.37		8.77		10.41		11.9		14.63

														II		10.44		18.6		24.48		26.88		21.51		9.83		8.19		6.15		6.89		8.16		8.88		9.52

												Copepoda		I		8.06		4.49		1.8		5.82		13.09		18.84		31.34		40.62		42.1		37.5		28.57		19.51

														II		5.97		3.48		3.06		7.52		16.45		31.14		39.34		44.61		53.44		44.89		31.11		21.42

												Ostracoda		I		1.61		2.24		3.6		7.76		15.47		24.63		25.37		21.87		22.8		16.66		14.28		7.31

														II		4.47		3.48		5.1		4.3		11.39		19.67		2.13		13.84		13.79		14.28		13.33		11.9

												Anostraca		I		0		0		0		0		0		1.44		2.98		4.68		3.5		0		0		0

														II		0		0		0		0		0		1.63		4.91		6.15		1.72		2.04		0		0

														Month		Gross Primary Productivity (gO2/m2/day)				Net Primary Production				Community Respiration

																				(gO2/m2/day)				(gO2/m2/day)

																2018-19		2019-20		2018-19		2019-20		2018-19		2019-20

														April		54.3		56.8		31.2		33.4		19.8		20.4

														May		58.9		57.5		33.4		35.5		21.6		22

														June		64.4		60.6		35.2		37.4		29.2		26.2

														July		56.4		49.4		31.2		35.2		25.2		17.2

														August		49.6		36.7		22.3		30.1		16.7		14.3

														September		41.5		38.2		26.4		28.4		14.6		15.2

														October		43.1		38.8		21.5		22.4		13.6		16.4

														November		33.6		35.2		21.6		26.2		12.6		13.2

														December		35.7		36.4		22.4		26.9		13.3		13.5

														January		38.7		43		24.2		28.4		14.5		14.6

														February		46.7		48.4		27.6		31.2		16.4		17.2

														March		50.8		51.9		29.8		32.4		18.4		19.5
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