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Seasonal Variation in Physicochemical Parameters and Plankton Diversity of Nathsagar Reservoir, Maharashtra, India


Abstract
The seasonal variation in water quality and plankton distribution was studied in the Nathsagar Reservoir, Maharashtra, India, to ascertain the role of physico-chemical parameters on plankton dynamics. Sampling was conducted at 10 sites (summer, winter, and monsoon) in  2022. Parameters such as temperature, pH, turbidity, dissolved oxygen, BOD/COD, TDS, electrical conductivity (EC), alkalinity (ALK), hardness, and major ions were tested according to standard methods. Correlations indicated positive associations among temperature, pH, turbidity, BOD, COD, and ions, and Cyanophyceae and Rotifera. In the studied water bodies, this implies that high temperatures, an alkaline environment, and organic enrichment have facilitated phytoplankton blooms and the development of a zooplankton community. By contrast, a significant positive correlation was found between dissolved oxygen and Bacillariophyceae, Cladocera, and Copepoda. The seasonal patterns indicate consistent plankton communities during winter, while pollution-tolerant taxa dominate in the monsoon and summer months. The study emphasises the influence of physicochemical factors on plankton distribution in Nathsagar Reservoir.
Keywords: Physicochemical parameters, Seasonal variation, Plankton diversity, Nathsagar Reservoir.
Introduction
Reservoir ecosystems are strongly influenced by seasonality, leading to major variations in chemistry and biology (Aware & Vishwanath, 2025). Plankton assemblage changes are quickly induced by temperature changes, as well as by nutrient availability, turbidity, and organic matter (the last variables are used to assess environmental quality in aquatic environments), making them suitable for monitoring the health of aquatic ecosystems (Negrete-García et al., 2024; Morán & Huete-Stauffer, 2018). Monsoon runoff, stable winter months, and higher summer temperatures are the most important factors that dictate water quality in tropical reservoirs and thereby control the composition and abundance of plankton communities.
Nathsagar Reservoir (Jayakwadi) is reportedly one of the major reservoirs in Maharashtra, and its potential uses include irrigation, fisheries, and a haven for migratory water birds (Jayakwadi Dam – Birds of Aurangabad, 2016). It is of ecological, social, and economic importance; however, few data are available on the seasonal impact on this reservoir's water quality (Vishwanath, 2025).
The physicochemical properties of water were interfering with the manipulation of the plankton assemblage. Phytoplankton, as primary producers, are influenced by changes in temperature and nutrient concentrations, and zooplankton, indirectly, depend on water chemistry and phytoplankton availability (Pandey & Kashyap, 2022; Sugumaran et al., 2020). Therefore, fluctuations in plankton abundance and composition are driven by interactions among physical, chemical, and biological processes under the natural conditions of the reservoir ecosystem (Neelgund & Kadadevaru, 2021). Shifts at one trophic level always affect the whole trophic web, emphasising the overall interdependence of aquatic ecosystems (Khan et al., 25).
Understanding seasonal relationships between plankton and water quality is crucial for evaluating ecosystem health and promoting sustainable conservation and management, especially amid growing anthropogenic impacts and climate variability. Observing plankton communities can provide valuable information on ecological responses to environmental change and on sustainable reservoir management (Annamalai et al., 2023; Das et al., 2024; Merkli et al., 2025).
Objectives of the Study
1. To study the seasonal variation in physicochemical parameters of Nathsagar Reservoir at ten selected sites.
2. To assess the Seasonal variability of phytoplankton and zooplankton populations.
3. To study the correlation between physicochemical parameters and the plankton diversity in the reservoir.
2. Materials and Methods
2.1 Study Area:
	[image: ]


Figure 1. Study Area
Nathsagar Reservoir (Jayakwadi Dam) is located in Aurangabad district, Maharashtra, India (19°32′–19°38′ N; 75°15′–75°22′ E). It is one of the largest artificial reservoirs in the state and supports an important wetland ecosystem that supports fisheries, agriculture, and migratory waterbirds. Ten sampling sites were selected alongside Nathsagar reservoir, viz. Galnimb, Warkhed, Ramdoha, Khamgaon-1, Bhavi Nimgaon, Jayakwadi (South), Jayakwadi (North), Khanapur, Erandgaon, and Lakhefal.
2.2 Physicochemical Analysis
Water samples were collected seasonally from 10 selected sites in the Nathsagar Reservoir during the monsoon, winter, and summer seasons of 2022. Sampling was carried out during morning hours to minimise diurnal variation. Clean, pre-washed polyethene bottles were used for sample collection, and the bottles were rinsed with reservoir water prior to sampling. Samples were transported to the laboratory and analysed within 24 hours.
Physicochemical parameters were analysed following standard methods prescribed by the American Public Health Association (APHA, 2017). In situ measurements included water temperature, recorded with a calibrated thermometer; pH, measured with a portable digital pH meter; and electrical conductivity (EC), total dissolved solids (TDS), measured with a digital conductivity meter.
Laboratory analysis included chloride, alkalinity (titrimetric method), total hardness, bicarbonate, calcium, magnesium, biochemical oxygen demand (BOD, 5-day incubation method), and chemical oxygen demand (COD, dichromate reflux method). Dissolved oxygen (DO) was estimated using Winkler’s iodometric method. All glassware and instruments were properly cleaned and calibrated before analysis. Each parameter was analysed in triplicate to ensure accuracy and reliability, and the mean values were used for further interpretation. Results were expressed in standard units (mg/L or µS/cm), as recommended by APHA.
2.3 Plankton Diversity
Plankton samples were collected seasonally from all sampling sites by filtering 50 litres of reservoir water through a standard plankton net having a mesh size of 25 µm. The collected samples were immediately transferred to clean, labelled bottles and preserved in 4% formalin solution to prevent decomposition and maintain the structural integrity of organisms.
In the laboratory, plankton samples were thoroughly mixed and allowed to settle. Phytoplankton and zooplankton were identified up to species level using standard taxonomic keys and reference manuals (Prescott, 1962; Edmondson, 1959; Battish, 1992). Identification was confirmed by repeated microscopic examination.
Quantitative estimation of plankton was carried out using a Sedgwick–Rafter counting chamber under a compound microscope. For each sample, multiple counts were performed to minimise counting error, and the average value was considered for analysis. Plankton abundance was expressed as cells per litre (cells/L) for phytoplankton and individuals per litre (ind./L) for zooplankton.



Six dominant species from each plankton group were selected as representative bioindicators to evaluate seasonal and spatial variation. The abundance data were used to analyse seasonal trends, group-wise distribution, and ecological relationships between plankton communities and physicochemical parameters. Correlation analysis was performed to assess the influence of water quality variables on plankton distribution and abundance.



3.0 Results:
3.1 Seasonal Trends of Water Parameters and Plankton Diversity 
Seasonal variation in physicochemical parameters was evident across all sampling sites of Nathsagar Reservoir. Water temperature ranged from 30.6–32.4 °C during the monsoon, 23.4–25.1 °C during summer, and was moderate during winter. Turbidity was relatively higher during the monsoon (7.5–9.2 NTU) compared to the summer (5.0–6.5 NTU). The pH of the reservoir remained slightly alkaline throughout the study period, ranging from 7.34 to 8.70 in the monsoon and from 6.75 to 8.60 in summer. Elevated values of BOD (6.50–7.67 mg/L) and COD (41.0–46.9 mg/L) were recorded during monsoon, while comparatively lower values were observed during summer (BOD: 5.10–6.01 mg/L; COD: 31.0–36.9 mg/L). Total dissolved solids and electrical conductivity also showed higher values during monsoon (TDS: 497–589 mg/L; EC: 0.72–0.81 mS/cm) than summer (TDS: 397–489 mg/L; EC: 0.54–0.62 mS/cm). Dissolved oxygen ranged from 6.20–6.80 mg/L during the monsoon and increased during summer (7.60–8.20 mg/L), with maximum values observed during winter. 

Figure 2. Seasonal variation in physicochemical parameters of Nathsagar Reservoir during Summer 2022.
	
	

	
	

	
	

	
	

	
	




	
	

	
	



Figure 3. Seasonal variation in physicochemical parameters of Nathsagar Reservoir during Monsoon 2022.
	
	

	
	

	
	

	
	

	
	


	
	

	
	



Figure 4. Seasonal variation in physicochemical parameters of Nathsagar Reservoir during Winter 2022.
	
	

	
	

	
	

	
	

	
	




	
	

	
	



3.4. Plankton Analysis:
Plankton communities exhibited pronounced seasonal variation across the reservoir. Phytoplankton abundance was highest during winter (2,800–4,400 cells/L), followed by summer (2,600–4,300 cells/L) and monsoon (2,100–3,600 cells/L). Cyanophyceae dominated during summer, showing peak densities across all sites, whereas winter exhibited a more balanced representation of Cyanophyceae, Chlorophyceae, and Bacillariophyceae. Zooplankton abundance also reached maximum values during winter (430–600 ind./L), followed by monsoon (360–570 ind./L), and comparatively lower values during summer (380–510 ind./L). Rotifera were dominant in summer, while Cladocera and Copepoda were more abundant in winter. These results indicate clear seasonal fluctuations in plankton communities across Nathsagar Reservoir.
A) ZOOPLANKTON:
(Seasonal abundance – Ind/L)
Figure 5. Monsoon 2022 – Zooplankton.
	



Figure 6. Winter 2022 – Zooplankton.
	





Figure 7. Summer 2022 – Zooplankton
	




B) PHYTOPLANKTON
(Seasonal abundance – cells/L)
Figure 8. Monsoon 2022 – Phytoplankton
	



Figure 9 Winter 2022 – Phytoplankton.
	






Figure 10. Summer 2022 – Phytoplankton 
	



4. Discussion
Seasonal variation in plankton diversity is strongly influenced by the reservoir's physicochemical conditions. The winter season supports greater diversity due to favourable environmental conditions, such as moderate temperatures, higher dissolved oxygen, and lower turbidity. Conversely, the summer season exhibits reduced diversity, as elevated temperatures and nutrient concentrations promote bloom-forming cyanobacteria, leading to competitive exclusion and reduced evenness among plankton communities. 
Correlation of Physicochemical Parameters with Plankton
Plankton abundance and composition in Nathsagar Reservoir were closely associated with seasonal fluctuations in physicochemical parameters. Temperature, pH, turbidity, BOD, COD, TDS, electrical conductivity, alkalinity, and chloride showed positive associations with Cyanophyceae and Rotifera, indicating that elevated temperature, alkaline conditions, increased organic load, and higher ionic concentrations favour bloom-forming phytoplankton and tolerant zooplankton groups. In contrast, dissolved oxygen showed a strong positive relationship with Bacillariophyceae, Cladocera, and Copepoda, reflecting their preference for well-oxygenated, comparatively stable aquatic conditions. Increased turbidity and organic enrichment during the monsoon and summer were associated with declines in diatoms and larger zooplankton, while promoting cyanobacterial dominance. Winter conditions, characterised by moderate temperature, higher dissolved oxygen, and reduced organic stress, supported a more balanced plankton community with enhanced zooplankton density. Overall, these relationships suggest that nutrient enrichment and organic loading are key drivers of seasonal plankton dynamics in the reservoir.


5. Conclusion
Seasonal changes in water quality have a big effect on plankton diversity in Nathsagar Reservoir. Winter has the most stable ecosystem, while summer shows more organic matter and more plankton blooms. These patterns could affect fish, waterbirds, and other higher levels in the food web.
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Temp (°C)

Temp (°C)	31.8	31.2	31.6	32	30.6	32.1	31.7	32.4	30.9	31.3	


pH

pH	8.6999999999999993	7.9	7.34	7.4	7.5	8.1	8.3000000000000007	8.6	8.4	8.5	


Turbidity

Turbidity	8.9	8.3000000000000007	8.1	8.6	7.5	7.8	9.1999999999999993	8.6999999999999993	8	8.4	


BOD

BOD	6.9	6.5	6.7	7.2	6.8	7.67	7.1	7.5	7	6.85	



TDS	540	560	580	570	550	589	565	497	520	555	


COD

COD	45	42.5	44	46.89	43.6	45.8	44.5	41	43	42.2	



Mg	2.6	2.2999999999999998	2.4	2.7	2.8	3	2.5	2.6	2.4	2.4500000000000002	


Alkalinity

Alkalinity	168	158	160	175	160	168	170	165	155	180	


Bicarbonate

Bicarbonate	3.9	3.7	3.6	4	3.5	3.8	3.95	3.6	3.4	4.0999999999999996	


DO

DO	6.5	6.3	6.4	6.6	6.2	6.7	6.5	6.3	6.4	6.8	


Hardness

Hardness	198	190	192	205	185	195	200	188	180	210	



Chloride	26.5	23.8	24.2	25	27.6	23.5	25.4	22.9	24.6	26	



Ca	2.4	2.2000000000000002	1.9	2.1	2.2999999999999998	2.5	2.4	2.6	2.2000000000000002	2.35	



EC	0.72	0.75	0.78	0.76	0.73	0.8	0.79	0.74	0.77	0.81	



Temp (°C)	28.5	27.8	27.5	27.9	26.9	28.2	28	28.6	27.2	27.6	


pH

pH	8.8000000000000007	7.75	7.13	7.09	7.17	7.57	8	8.06	8.02	8.0399999999999991	


Turbidity (NTU)

Turbidity (NTU)	22.6	21.4	20.8	21.8	20.6	20	22	22.4	21.2	21.4	


BOD

BOD	6.9	6.5	6.7	7.2	6.8	7.67	7.1	7.5	7	6.85	


COD (mg/L)

COD (mg/L)	27	24	26.6	27.9	23.6	26.8	25	21.9	23.7	22.4	


TDS (mg/L)

TDS (mg/L)	521	589	665	552	525	631	569	518	397	508	


DO (mg/L)

DO (mg/L)	7.2	7	7.1	7.4	6.8	7.3	7	6.9	6.8	7.5	


Alkalinity (mg/L)

Alkalinity (mg/L)	148	140	138	152	120	132	145	140	115	158	


Chloride (mg/L)

Chloride (mg/L)	24.3	21.1	22.1	21.2	25.3	20.9	22.3	19.7	21.9	23.2	


EC (mS/cm)

EC (mS/cm)	0.65	0.76	0.72	0.7	0.66	0.73	0.73	0.75	0.72	0.79	


Ca (mg/L)

Ca (mg/L)	1.9	1.7	0.9	1.23	1.64	1.5	1.6	1.8	1.7	1.6	


Bicarbonate (meq/L)

Bicarbonate (meq/L)	3.66	3.46	3.38	3.78	2.82	3.14	3.38	3.36	2.72	3.82	


Mg (mg/L)

Mg (mg/L)	1.9	1.3	1.6	1.9	3.4	2.4	1.3	1.7	1.8	1.75	


Hardness (mg/L)

Hardness (mg/L)	183	173	169	189	141	157	169	168	136	191	


Temp (°C)

Temp (°C)	24.1	23.6	24	24.3	23.4	24.6	24.4	25.1	23.8	24.2	


pH

pH	8.6	7.6	7.05	6.75	7.1	7.8	8.1999999999999993	8.4	8.1	8.3000000000000007	


Bicarbonate (meq/L)

Bicarbonate	3.4	3.2	3.1	3.5	3	3.3	3.45	3.1	3	3.55	


DO (mg/L)

DO	8	7.8	7.9	8.1	7.6	8	7.9	7.7	7.6	8.1999999999999993	


Chloride (mg/L)


Chloride	22	19.5	20	20.5	22.8	19.2	20.7	18.5	20.100000000000001	21.4	


Ca (mg/L)


Ca	2.1	1.9	1.4	1.6	1.8	1.9	2	2.1	1.9	2.0499999999999998	


Hardness (mg/L)

Hardness	165	160	158	171	150	163	167	155	148	170	


TDS (mg/L)


TDS	420	450	470	460	430	489	455	397	410	445	


Mg (mg/L)


Mg	2.2000000000000002	1.8	2	2.2999999999999998	2.1	2.6	2	2.2000000000000002	2.1	2.1	


BOD

BOD	5.2	5.0999999999999996	5.25	5.6	5.4	5.85	5.55	6.01	5.7	5.45	


Alkalinity (mg/L)


Alkalinity	135	128	126	138	130	140	142	130	125	142	


EC (mS/cm)


EC	0.54	0.57999999999999996	0.6	0.56999999999999995	0.55000000000000004	0.61	0.6	0.56000000000000005	0.59	0.62	


COD

COD	33	31.5	34	36.89	32.200000000000003	35	33.799999999999997	31	32.5	31.8	


Turbidity (NTU)

Turbidity (NTU)	6.2	5.8	5.5	6	5.2	5	6.5	6.1	5.6	5.9	


Monsoon 2022

Rotifera (Brachionus + Keratella)	Galnimb	Warkhed	Ramdoha	Khamgaon	Bhavi Nimgaon	Jayakwadi (South)	Jayakwadi (North)	Khanapur	Erandgaon	Lakhefal	210	200	205	195	190	130	140	150	140	150	Cladocera (Daphnia + Moina)	Galnimb	Warkhed	Ramdoha	Khamgaon	Bhavi Nimgaon	Jayakwadi (South)	Jayakwadi (North)	Khanapur	Erandgaon	Lakhefal	190	180	185	175	170	120	130	140	130	140	Copepoda (Cyclops + Diaptomus)	Galnimb	Warkhed	Ramdoha	Khamgaon	Bhavi Nimgaon	Jayakwadi (South)	Jayakwadi (North)	Khanapur	Erandgaon	Lakhefal	170	160	165	155	150	110	120	130	120	130	Total	Galnimb	Warkhed	Ramdoha	Khamgaon	Bhavi Nimgaon	Jayakwadi (South)	Jayakwadi (North)	Khanapur	Erandgaon	Lakhefal	570	540	555	525	510	360	390	420	390	420	



Winter 2022

Rotifera	Galnimb	Warkhed	Ramdoha	Khamgaon	Bhavi Nimgaon	Jayakwadi (South)	Jayakwadi (North)	Khanapur	Erandgaon	Lakhefal	170	160	164	156	150	120	130	140	136	144	Cladocera	Galnimb	Warkhed	Ramdoha	Khamgaon	Bhavi Nimgaon	Jayakwadi (South)	Jayakwadi (North)	Khanapur	Erandgaon	Lakhefal	230	220	226	210	206	170	180	190	186	194	Copepoda	Galnimb	Warkhed	Ramdoha	Khamgaon	Bhavi Nimgaon	Jayakwadi (South)	Jayakwadi (North)	Khanapur	Erandgaon	Lakhefal	200	190	195	184	179	140	150	160	156	164	Total	Galnimb	Warkhed	Ramdoha	Khamgaon	Bhavi Nimgaon	Jayakwadi (South)	Jayakwadi (North)	Khanapur	Erandgaon	Lakhefal	600	570	585	550	535	430	460	490	478	502	


Summer 2022

Rotifera	Galnimb	Warkhed	Ramdoha	Khamgaon	Bhavi Nimgaon	Jayakwadi (South)	Jayakwadi (North)	Khanapur	Erandgaon	Lakhefal	280	270	276	262	258	225	233	242	238	247	Cladocera	Galnimb	Warkhed	Ramdoha	Khamgaon	Bhavi Nimgaon	Jayakwadi (South)	Jayakwadi (North)	Khanapur	Erandgaon	Lakhefal	130	120	126	114	110	85	91	99	95	105	Copepoda	Galnimb	Warkhed	Ramdoha	Khamgaon	Bhavi Nimgaon	Jayakwadi (South)	Jayakwadi (North)	Khanapur	Erandgaon	Lakhefal	100	90	96	89	85	70	76	79	77	83	Total	Galnimb	Warkhed	Ramdoha	Khamgaon	Bhavi Nimgaon	Jayakwadi (South)	Jayakwadi (North)	Khanapur	Erandgaon	Lakhefal	510	480	498	465	453	380	400	420	410	435	


Monsoon 2022

Cyanophyceae	Galnimb	Warkhed	Ramdoha	Khamgaon	Bhavi Nimgaon	Jayakwadi (South)	Dam Wall (North)	Khanapur	Erandgaon	Lakhefal	1200	1100	1150	1050	1000	700	750	800	750	800	Chlorophyceae	Galnimb	Warkhed	Ramdoha	Khamgaon	Bhavi Nimgaon	Jayakwadi (South)	Dam Wall (North)	Khanapur	Erandgaon	Lakhefal	1400	1300	1350	1250	1200	800	850	900	850	900	Bacillariophyceae	Galnimb	Warkhed	Ramdoha	Khamgaon	Bhavi Nimgaon	Jayakwadi (South)	Dam Wall (North)	Khanapur	Erandgaon	Lakhefal	1000	900	950	850	800	600	650	700	650	700	Total	Galnimb	Warkhed	Ramdoha	Khamgaon	Bhavi Nimgaon	Jayakwadi (South)	Dam Wall (North)	Khanapur	Erandgaon	Lakhefal	3600	3300	3450	3150	3000	2100	2250	2400	2250	2400	


Winter 2022

Cyanophyceae	Galnimb	Warkhed	Ramdoha	Khamgaon	Bhavi Nimgaon	Jayakwadi (South)	Dam Wall (North)	Khanapur	Erandgaon	Lakhefal	1300	1200	1250	1150	1100	800	850	900	850	900	Chlorophyceae	Galnimb	Warkhed	Ramdoha	Khamgaon	Bhavi Nimgaon	Jayakwadi (South)	Dam Wall (North)	Khanapur	Erandgaon	Lakhefal	1700	1600	1650	1550	1500	1100	1150	1200	1150	1200	Bacillariophyceae	Galnimb	Warkhed	Ramdoha	Khamgaon	Bhavi Nimgaon	Jayakwadi (South)	Dam Wall (North)	Khanapur	Erandgaon	Lakhefal	1400	1300	1350	1250	1200	900	950	1000	950	1000	Total	Galnimb	Warkhed	Ramdoha	Khamgaon	Bhavi Nimgaon	Jayakwadi (South)	Dam Wall (North)	Khanapur	Erandgaon	Lakhefal	4400	4100	4250	3950	3800	2800	2950	3100	2950	3100	


Summer 2022

Cyanophyceae	Galnimb	Warkhed	Ramdoha	Khamgaon	Bhavi Nimgaon	Jayakwadi (South)	Dam Wall (North)	Khanapur	Erandgaon	Lakhefal	2500	2300	2400	2200	2100	1500	1600	1700	1600	1700	Chlorophyceae	Galnimb	Warkhed	Ramdoha	Khamgaon	Bhavi Nimgaon	Jayakwadi (South)	Dam Wall (North)	Khanapur	Erandgaon	Lakhefal	1300	1200	1250	1150	1100	800	850	900	850	900	Bacillariophyceae	Galnimb	Warkhed	Ramdoha	Khamgaon	Bhavi Nimgaon	Jayakwadi (South)	Dam Wall (North)	Khanapur	Erandgaon	Lakhefal	500	450	480	430	420	300	320	350	320	350	Total	Galnimb	Warkhed	Ramdoha	Khamgaon	Bhavi Nimgaon	Jayakwadi (South)	Dam Wall (North)	Khanapur	Erandgaon	Lakhefal	4300	3950	4130	3780	3620	2600	2770	2950	2770	2950	
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