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SEASONAL DYNAMICS AND ECOLOGICAL ASSESSMENT OF ZOOPLANKTON COMMUNITY STRUCTURE IN BARATAGI LAKE, VIJAYAPURA, KARNATAKA, INDIA

Abstract
Background: Zooplankton play a crucial role in freshwater ecosystems by linking primary producers to higher trophic levels and serving as sensitive bioindicators of environmental change. However, increasing anthropogenic pressures and eutrophication in lentic water bodies threaten zooplankton diversity and ecosystem stability, highlighting the need for systematic ecological assessments.
Aims: The study aims to assess the seasonal dynamics, community structure, biomass, and ecological status of zooplankton in Baratagi Lake, Vijayapura District, Karnataka, India.
Study Design: A one-year longitudinal ecological study. 
Place and Duration of Study: The study was conducted Baratagi Lake, Tikota Block, Vijayapura District, Karnataka, India, from June 2024 to May 2025.
Methodology: Zooplankton were sampled seasonally from five stations during monsoon, post-monsoon, winter, and summer. For quantitative estimation, 100 litres of water were filtered using a plankton net (150 µm mesh size). Samples were preserved in 4–5% formalin and analysed using a Sedgwick–Rafter counting chamber. Abundance was expressed as individuals per litre. Wet and dry biomass (mg/l) were measured. Community structure was evaluated using Shannon–Wiener diversity index (H), Margalef richness index (d), and Pielou’s evenness index (J).
Results: Sixteen genera representing five major groups were identified. Crustaceans dominated throughout the study (72–80%), followed by rotifers (12–20%), protozoans (4–6%), nematodes (1–2%), and others (2%). Total zooplankton density ranged from 10 individuals per litre in summer to 160 individuals per litre in monsoon. Wet biomass varied from 0.20 to 2.10 mg/l, and dry biomass ranged from 0.07 to 0.74 mg/l, with higher values recorded during monsoon and post-monsoon. The Shannon diversity index ranged from 0.52 to 1.27, richness from 1.45 to 4.95, and evenness from 0.861 to 0.965.
Conclusion: Seasonal hydrological variation strongly influenced zooplankton abundance and diversity. Higher productivity during monsoon reflects favourable ecological conditions. Despite seasonal fluctuations, the lake exhibits moderate diversity and ecological stability, providing baseline data for long-term monitoring and sustainable management.
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Introduction
Zooplankton are microscopic, free-swimming organisms that form a highly diverse group of tiny aquatic animals inhabiting a wide range of ecosystems. As drifting or wandering species, they occupy a pivotal position in aquatic food webs, serving as essential links in energy transfer processes. Unlike algae and phytoplankton, which produce their own food, zooplankton are heterotrophic animals (Manickam et al., 2024). Functioning as the primary intermediaries, they channel energy from phytoplankton to higher trophic levels, thereby sustaining larger aquatic organisms (Muthukumaravel et al., 2025). The ecological significance of zooplankton is well established, as they occupy a vital position in aquatic food chains and contribute substantially to the cycling of organic matter (Mishra, 2024). By consuming phytoplankton and serving as prey for higher trophic levels such as fish, they form a crucial link in energy transfer. Their sensitivity to environmental fluctuations and rapid population turnover makes them reliable bioindicators of ecosystem change (Singh et al., 2021). Assessing zooplankton diversity and abundance thus provides valuable insights into the ecological health and productivity of freshwater systems (Rao R et al., 2017).
Freshwater resources are essential to multiple sectors, including industry, agriculture, fisheries, and household activities. Over the past two decades, the decline in freshwater quality has intensified due to both natural and human-induced factors, posing a major global challenge (Akhtar et al., 2023). Industrial chemicals, agricultural fertilizers, and household sewage are among the leading contributors to this deterioration, threatening the integrity of freshwater ecosystems. Increasing pollution, overexploitation, and unsustainable practices have further reduced the availability of freshwater sources (Buhungu et al., 2023; Vaghela et al., 2023). From a socioeconomic perspective, artificial water bodies such as ponds, lakes, and reservoirs are indispensable to human communities, providing irrigation, drinking water, electricity generation, supporting agriculture, urban growth, and industrial development. In terms of abiotic characteristics, lakes, characterised by lower flow velocities and storage capacities compared to rivers, share similarities with natural lakes. Understanding these features is crucial for the sustainable management of aquatic resources, the effective utilisation of aquatic organisms, and the advancement of conservation efforts. Consequently, preliminary surveys of phytoplankton and zooplankton in water bodies are imperative (Sagaya Sowmya et al., 2025).
Lentic ecosystems such as ponds, lakes, and wetlands support diverse biological communities, including phytoplankton, zooplankton, macrophytes, fish, and aquatic birds. These groups are central to nutrient cycling, food web stability, and ecological resilience. Zooplanktons, in particular, serve as key bioindicators of aquatic health, reflecting changes in physicochemical conditions and biodiversity. They recycle nutrients, sustain fish populations, and link primary producers to higher trophic levels. However, human activities and eutrophication have disrupted species distribution, abundance, and diversity, posing serious threats to lake ecology. A limited understanding of plankton dynamics continues to challenge freshwater research, even as aquatic ecosystems experience greater biodiversity loss than terrestrial systems (Paulraj et al., 2024; Kumari, 2025). Lakes are dynamic ecosystems that mirror their surrounding environment and are shaped by both natural processes and human activities. In India, freshwater lakes play a crucial role in sustaining biodiversity, regulating hydrological cycles, and supporting local livelihoods through fisheries, agriculture, and drinking water supply. However, rising pollution, nutrient enrichment, and climate variability are altering lake ecology, underscoring the need for regular assessment of their biodiversity and ecological functioning (Hoggang et al., 2024). The present investigation examines the seasonal dynamics of zooplankton communities in Baratagi Lake, located in Vijayapura District of Karnataka. The specific objectives were to determine the taxonomic composition and abundance of zooplankton, estimate seasonal biomass, and assess community structure using standard diversity indices. As a tropical freshwater ecosystem, the lake sustains diverse aquatic life and serves as an important local resource. Despite its ecological and socioeconomic significance, systematic studies on zooplankton diversity in this lake remain limited. This study provides insights into the ecological status of Baratagi Lake and establishes baseline data to support future biomonitoring and conservation initiatives.
Materials and Methods
Study area  
Baratagi lake located in the Tikota block of the Vijayapura, (16° 915569 N latitude and 75° 759851 E longitude) of Karnataka state, India (Fig. 1.). The lake will not only help in supplying water, but also recharge groundwater table of the surrounding villages, including Baratagi, Bhutanal, Arakeri and Hanchinal. Lake is known as ‘kere’, in the native language Kannada. 
Sampling period and Collection
Zooplankton sampling was conducted over one year, from June 2024 to May 2025, covering four seasons: Monsoon (June–August 2024), Post-monsoon (September–November 2024), Winter (December 2024–February 2025), and Summer (March–May 2025). Collections were carried out in the early morning between 6:00 and 10:00 a.m., maintaining consistent timing across all sampling days. Samples were obtained from five designated stations within Baratagi Lake (Fig. 1).
[image: ]
Fig. 1: Map showing the location of the sampling station.
For quantitative analysis of zooplankton, 100 litres of water were filtered through a bolting silk plankton net (No. 10, mesh size 150 µm) using a 5-litre plastic container. The collected plankton biomass was preserved in specimen vials containing 4–5% formalin and later examined under a stereomicroscope following rapid filtration. To isolate zooplankton, the filtrate was subsequently passed through a 200 µm mesh, and the retained material was adjusted to a known volume. From this standardized sample, 1 ml subsamples were drawn using a wide-mouthed pipette and placed in a sedgwick–rafter counting cell. After settling, three to five counts were performed for each species, gender, and developmental stage, and the averages were recorded, with results expressed as individuals per litre. The total number of zooplankton per litre of water was calculated using the formula proposed by Santhanam et al. (1989) and Manickam et al. (2019a):  

where v is the millilitres of concentrated plankton, V is the total litter of filtered water, and n is the average number of plankton per mL of filtered water. 
Zooplankton were categorised into major groups, including Rotifera, Cladocera, Copepods, and Ostracods. Individual specimens were carefully separated using fine needles and brushes under a binocular stereomicroscope (Magnus, Japan). For species-level identification, plankton were mounted on slides with a drop of 20% glycerine, which aided in staining and visualisation. Zooplankton were identified using standard reference materials, including textbooks, manuals, and bibliographies on freshwater zooplankton (Manickam et al., 2019). Identification and enumeration were carried out using an inverted biological microscope (Model INVERSO 3000 TC-100, CETI) equipped with a camera (Model IS 300), as well as a compound microscope.  In addition to abundance estimates, community structure was assessed through diversity indices, including species diversity (H), evenness (J’), and species richness (d), calculated following established protocols (Shannon & Weiner, 1949).
The Shannon–Wiener diversity index (H') was calculated using the formula:

where pi = ni / N, ni represents the number of individuals of the ith species, and N denotes the total number of individuals in the sample.
Species richness was determined using Margalef’s richness index (d), calculated as:

where S is the total number of species and N is the total number of individuals.
Evenness was estimated using Pielou’s evenness index (J'), expressed as:      

where H' is the Shannon–Wiener diversity index and S represents the total number of species.
These indices provided a comprehensive understanding of zooplankton composition, distribution, and ecological significance within Baratagi Lake
Results and Discussion 
The present investigation assessed zooplankton diversity in Baratagi Lake from June 2024 to May 2025. Microscopic examination identified five major taxonomic groups, comprising a total of 16 genera. Of these, 5 genera belonged to Rotifers, 6 to Crustaceans, 2 to Protozoans, 1 to Nematodes, and 2 to other minor groups. Crustaceans emerged as the dominant assemblage, representing 75.75% of the total zooplankton population, followed by Rotifers (16%) and Protozoans (4.75%). The detailed distribution is presented in Table 1.
Zooplankton species composition was more diverse during the monsoon season, with crustaceans emerging as the dominant group, as shown in Table 1. This dominance may be attributed to terrestrial runoff, which likely enhanced nutrient availability and supported greater species representation. The zooplankton community comprised Rotifers including Brachionus spp., Keratella spp., Brachionus falcatus, Lecane spp., and Filina spp.; Crustaceans such as Copepod nauplii, Mesocyclops spp., Diaptomus spp., Paracyclops spp., Daphnia spp., and Bosmina spp.; Protozoans represented by Arcella spp. and Centropyxis spp.; Nematodes identified as Rhabditis spp.; and other groups including arthropod larvae and fish larvae. The seasonal distribution of these taxa, as presented in the table, indicates consistent dominance of crustaceans followed by rotifers, with comparatively lower contributions from protozoans, nematodes, and other organisms.


Fig. 2: Variation of total zooplankton (No./l) at different stations in Baratagi lake during the study period from June 2024 to May 2025.
Zooplankton communities in Baratagi Lake exhibited pronounced seasonal fluctuations, with the greatest species diversity during the monsoon. Crustaceans dominated the assemblage, a trend likely driven by terrestrial runoff that enriched silicate concentrations and stimulated species diversity. This dominance can also be explained by a suite of ecological factors, including elevated water temperature, enhancing metabolic activity, increased algal biomass providing abundant food resources, favourable climatic conditions, reduced nutrient concentrations, and improved water transparency (Beyene et al., 2022). The widespread success of copepods, in particular, reflects their adaptive feeding strategies and distinctive morphology, which allow efficient prey capture with minimal energy expenditure (Mohammed et al., 2023).
Zooplankton density ranged from 10 to 160 individuals per litre, with peak abundance recorded during the monsoon and the lowest densities observed in summer (Fig. 2). Seasonal and spatial heterogeneity was evident across communities (Fig. 3). Genera richness was highest in the monsoon compared to summer and winter, aligning with earlier observations (Abdus et al., 1995). Declines in richness during nutrient-limited periods suggest reduced reservoir productivity, while predation pressure has also been implicated as a contributing factor (Jhingran, 1982). In winter, biotic interactions, particularly feeding pressure from stocked fish species, played a decisive role in suppressing both diversity and density.
These findings highlight the dynamic interplay of abiotic and biotic drivers in shaping zooplankton assemblages. The monsoon emerges as a critical period for community expansion, while summer and winter impose constraints through nutrient limitation and predation. Such seasonal patterns underscore the importance of integrating hydrological cycles, nutrient dynamics, and trophic interactions when assessing reservoir ecology and managing aquatic biodiversity.
Table 1: Percentage (%) contribution of different Zooplankton groups at Baratagi lake during the Study period from June 2024 to May 2025.
	S.No
	Class / Family
	Monsoon
	Post Monsoon
	Winter
	Summer

	I
	ROTIFERS
	18.00
	12.00
	20.00
	14.00

	1
	Brachionus spp.
	4.00
	3.00
	5.00
	4.00

	2
	Keratella spp.
	3.00
	2.00
	4.00
	3.00

	3
	Brachionus falcatus
	5.00
	2.00
	6.00
	4.00

	4
	Lecane spp.
	3.00
	3.00
	3.00
	2.00

	5
	Filina spp.
	3.00
	2.00
	2.00
	1.00

	II
	CRUSTACEANS
	75.00
	80.00
	72.00
	76.00

	6
	Copepod nauplii
	45.00
	40.00
	42.00
	43.00

	7
	Mesocyclops spp.
	10.00
	12.00
	9.00
	10.00

	8
	Diaptomus spp.
	5.00
	10.00
	6.00
	4.00

	9
	Paracyclops spp.
	5.00
	6.00
	5.00
	7.00

	10
	Daphnia spp.
	5.00
	6.00
	6.00
	8.00

	11
	Bosmina spp.
	5.00
	6.00
	4.00
	4.00

	III
	PROTOZOANS
	4.00
	5.00
	4.00
	6.00

	12
	Arcella spp.
	2.00
	2.00
	2.00
	3.00

	13
	Centropyxis spp.
	2.00
	3.00
	2.00
	3.00

	IV
	NEMATODES
	1.00
	1.00
	2.00
	2.00

	14
	Rhabditis spp.
	1.00
	1.00
	2.00
	2.00

	V
	OTHERS
	2.00
	2.00
	2.00
	2.00

	15
	Arthropod larvae
	1.00
	1.00
	1.00
	1.00

	16
	Fish larvae
	1.00
	1.00
	1.00
	1.00

	
	TOTAL
	100
	100
	100
	100








Fig. 3: Variation of Crustaceans, Rotifers, Protozoans, Nematodes and other zooplankton (No./l) at different stations in Baratagi lake during the Study period from June 2024 to May 2025.
 

Fig. 4: Variation of Zooplankton Wet Weight and Dry Weight (mg/l) at different stations in Baratagi Lake during the study period from June 2024 to May 2025.
Zooplankton biomass
During the present study, zooplankton biomass showed distinct seasonal and spatial variation across all sampling stations. As illustrated in Fig. 4, wet weight ranged from approximately 0.20 mg/l at S1 in summer to about 2.10 mg/l at S1 during the monsoon. Elevated wet biomass was primarily observed in the monsoon at S1 (2.10 mg/l) and S4 (1.75 mg/l), while comparatively high values were also recorded in the post monsoon at S3 (1.85 mg/l) and S5 (1.95 mg/l). In contrast, lower wet weight values were generally noted in summer, particularly at S1 (0.20 mg/l) and S5 (0.40 mg/l).
Similarly, dry weight ranged from around 0.07 mg/l at S1 in summer to nearly 0.74 mg/l at S1 during the monsoon. Higher dry biomass was recorded in the monsoon at S1 (0.74 mg/l) and S4 (0.62 mg/l), and in the post monsoon at S5 (0.70 mg/l) and S3 (0.66 mg/l). Minimum dry weight values were consistently observed during summer across most stations.
Taken together, both wet and dry weight measurements confirm that zooplankton biomass was substantially higher during the monsoon and post monsoon seasons, while summer was characterized by markedly lower values. These findings highlight the strong seasonal influence on zooplankton production in Baratagi Lake, reflecting the interplay of hydrological cycles and ecological conditions.
Table 2: Species diversity indices of species diversity (H), species richness (d) and evenness (J’) at different stations of Baratagi lake, Vijayapur.
	Station
	Monsoon
	Post-Monsoon
	Winter
	Summer

	
	H
	d
	J’
	H
	d
	J’
	H
	d
	J’
	H
	d
	J’

	S1
	1.21
	4.62
	0.942
	1.08
	3.94
	0.928
	0.96
	3.10
	0.912
	0.52
	1.45
	0.861

	S2
	0.84
	2.38
	0.897
	1.00
	3.35
	0.918
	1.19
	4.48
	0.956
	0.88
	2.95
	0.907

	S3
	0.92
	2.74
	0.905
	1.25
	4.88
	0.963
	0.98
	3.22
	0.924
	1.05
	3.60
	0.936

	S4
	1.14
	4.18
	0.936
	0.99
	3.41
	0.921
	1.23
	4.72
	0.961
	1.02
	3.58
	0.934

	S5
	0.89
	2.66
	0.903
	1.27
	4.95
	0.965
	0.94
	3.05
	0.919
	0.70
	1.98
	0.884



Diversity studies
Evaluating long term dynamics and taxonomic composition of zooplankton assemblages is essential for effective monitoring of aquatic ecosystems. Diversity indices calculated across seasons revealed clear ecological variability while also reflecting overall stability of the system. The Shannon–Wiener diversity index (Hˈ) varied both spatially and seasonally, ranging from 0.52 at S1 in summer to 1.27 at S5 during the post monsoon. Higher Hˈ values were generally associated with the monsoon and post monsoon periods, particularly at S1 in monsoon (1.21), S3 in post monsoon (1.25), S4 in winter (1.23), and S5 in post monsoon (1.27), indicating enhanced species diversity and favorable environmental conditions during these seasons.
The Margalef richness index (d) also exhibited marked seasonal and spatial variation, with values ranging from 1.45 at S1 in summer to 4.95 at S5 during post monsoon. Maximum richness was recorded at S5 in post monsoon (4.95), S3 in post monsoon (4.88), and S4 in winter (4.72), suggesting periods of elevated productivity and improved ecological conditions.
Pielou’s evenness index (Jˈ) remained consistently high across stations and seasons, ranging between 0.861 and 0.965. The highest evenness was observed at S5 in post monsoon (0.965) and S4 in winter (0.961), while relatively lower values occurred at S1 in summer (0.861). The consistently high Jˈ values point to a uniform distribution of individuals among species, reflecting ecological balance and stability despite seasonal fluctuations.
Overall, the study highlights pronounced seasonal and spatial differences in zooplankton richness and diversity, closely linked to environmental variability and habitat characteristics. These seasonal shifts underscore the dynamic nature of zooplankton communities and their sensitivity to ecological changes, reinforcing their value as indicators of aquatic ecosystem health.
Conclusion
[bookmark: _Hlk219284361][bookmark: _Hlk198031404][bookmark: _GoBack]The study revealed marked seasonal fluctuations in zooplankton composition, abundance, biomass, and diversity in Baratagi Lake, with crustaceans consistently dominating the community throughout the observation period. Peak density and biomass recorded during the monsoon and post-monsoon seasons suggest favourable environmental conditions and heightened biological productivity.  Although seasonal variations were evident, diversity indices indicated moderate species richness coupled with high evenness, signifying ecological stability and a well-balanced community structure. These findings establish valuable baseline information for long-term biomonitoring and sustainable lake management. Further investigations incorporating detailed physicochemical profiling, extended climate-based assessments, molecular-level species identification, and trophic interaction analyses are recommended to gain deeper insights into ecosystem functioning and to strengthen conservation strategies.
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Crusteceans
Monsoon	S1	S2	S3	S4	S5	108	34	40	81	40	Post-Monsoon	S1	S2	S3	S4	S5	79	57	86	57	86	Winter	S1	S2	S3	S4	S5	45	71	45	84	45	Summer	S1	S2	S3	S4	S5	7	35	49	45	14	Stations

No/l



Rotifers
Monsoon	S1	S2	S3	S4	S5	32	10	12	24	12	Post-Monsoon	S1	S2	S3	S4	S5	16	12	18	12	18	Winter	S1	S2	S3	S4	S5	12	19	12	23	12	Summer	S1	S2	S3	S4	S5	1	8	11	11	3	Stations

No/l



Protozoans
Monsoon	S1	S2	S3	S4	S5	9	3	3	7	3	Post-Monsoon	S1	S2	S3	S4	S5	5	4	6	4	6	Winter	S1	S2	S3	S4	S5	5	8	5	10	5	Summer	S1	S2	S3	S4	S5	0	3	4	4	1	Stations

No/l



Nematods
Monsoon	S1	S2	S3	S4	S5	6	2	2	4	2	Post-Monsoon	S1	S2	S3	S4	S5	5	4	6	4	6	Winter	S1	S2	S3	S4	S5	3	5	3	6	3	Summer	S1	S2	S3	S4	S5	0	2	2	2	0	Stations

No/l



Others
Monsoon	S1	S2	S3	S4	S5	5	1	3	4	3	Post-Monsoon	S1	S2	S3	S4	S5	5	3	4	3	4	Winter	S1	S2	S3	S4	S5	5	7	5	7	5	Summer	S1	S2	S3	S4	S5	2	2	4	3	2	Stations

No/l



Wet weight
Monsoon	S1	S2	S3	S4	S5	2.1	0.85	1	1.75	0.9	Post-Monsoon	S1	S2	S3	S4	S5	1.4	1.05	1.85	1.1000000000000001	1.95	Winter	S1	S2	S3	S4	S5	0.95	1.6	1.1000000000000001	1.9	1	Summer	S1	S2	S3	S4	S5	0.2	0.75	0.95	1.2	0.4	Stations

No/l



Dry weight
Monsoon	S1	S2	S3	S4	S5	0.74	0.3	0.36	0.63	0.32	Post-Monsoon	S1	S2	S3	S4	S5	0.52	0.38	0.67	0.4	0.71	Winter	S1	S2	S3	S4	S5	0.34	0.59	0.41	0.7	0.37	Summer	S1	S2	S3	S4	S5	7.0000000000000007E-2	0.27	0.34	0.45	0.15	Stations

No/l



Total Zooplankton
Monsoon	S1	S2	S3	S4	S5	160	50	60	120	60	Post-Monsoon	S1	S2	S3	S4	S5	110	80	120	80	120	Winter	S1	S2	S3	S4	S5	70	110	70	130	70	Summer	S1	S2	S3	S4	S5	10	50	70	65	20	Stations

No/l
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