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ABSTRACT 
 

Zooplankton are used as bioindicators to assess the pollution status of lakes but diversity studies 
related to different trophic levels of lakes are few. Therefore, the present study was undertaken to 
assess the comparative zooplankton diversity of a eutrophic Kanbargi lake and an oligotrophic 
Khadarwadi lake in Belagavi city. During the study period, a total of 23 species of zooplankton were 
identified. In Kanbargi lake, Rotifera showed maximum diversity and abundance, followed by 
Copepoda, Ostracoda and Cladocera while in Khadarwadi lake, Rotifera were most abundant 
followed by Cladocera, Copepoda and Ostracoda. Rich diversity and abundance of Rotifera were 
observed in Kanbargi lake compared to Khadarwadi lake, while Cladocera abundance was higher in 
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Khadarwadi lake. Least abundance was shown by Ostracoda in both lakes. Seasonal variation was 
also observed between the two lakes, with Rotifera dominating the summer season, while 
Copepoda and Cladocera abundance increased during the monsoon season. Hierarchical Cluster 
Analysis (HCA) reveals different clusters occupied by zooplankton in both lakes. These results 
suggest that there exists a difference in zooplankton diversity and community structure between the 
two lakes. The current study highlights the potential implications for broader aquatic ecosystem and 
importance of monitoring the freshwater bodies to maintain ecological balance. 
 

 
Keywords: Zooplankton; lake diversity; Rotifera; seasonal variation; eutrophication. 
 

1. INTRODUCTION  
 
Zooplankton are cosmopolitan organisms 
inhabiting all aquatic habitats in the world.  They 
are essential bioindicators in aquatic ecosystem 
as they occupy an intermediate position in the 
food chain and significantly contribute to 
secondary production in freshwater, estuarine, 
and marine ecosystems [1]. By occupying a vital 
position in the food web, they transfer energy 
from lower trophic levels to higher tropic levels, 
such as the larval stages of fish, which helps in 
sustaining life at higher trophic levels. The rich 
diversity and abundance of zooplankton in lakes 
or aquatic ecosystems can be used to determine 
the health and trophic status of waterbodies 
[2,3]. A 10 years long study in reservoirs at Ebro 
river in Spain revealed that eutrophic and low 
water quality correspond to higher Rotifera 
species belonging to Brachionus and Keratella 
genera, suggesting that zooplankton species are 
valuable tools to determine the water quality 
status [4]. 
 
Zooplankton are composed of four major groups: 
Rotifera, Cladocera, Copepoda and Ostracoda, 
each being sensitive to different environmental 
variations and responding quickly due to their 
short life cycle [3]. Fluctuations in environmental 
physical conditions can alter zooplankton 
abundance, species diversity and community 
structure [1]. Freshwater bodies experience 
degradation due to domestic discharge, 
industrial, and agricultural fertilizer wastes such 
as nitrogen and phosphates, which leach into 
nearby aquatic bodies [5]. These anthropogenic 
pollutants can also affect zooplankton diversity 
and composition in ponds or lakes, thereby 
reducing productivity. Several studies have been 
conducted to understand role of environmental 
variation and zooplankton composition in lakes. 
In Dal–Nigeen lake, Srinagar, Rotifera were 
dominant group followed by Copepoda and 
Cladocerans in summer and autumn, indicating 
a moderate level of zooplankton diversity in the 
lake due to impact of organic pollution [6]. 

Studies on lakes in Telangana have reported 
rich diversity of Rotifera, Copepoda, Cladocera 
and Ostracoda with highest diversity observed 
during summer [7, 8]. In Kukkarhalli lake of 
Mysore district, the absence of free CO2, due to 
lake harbouring abundant algal blooms, 
indicates higher eutrophication, which affect the 
abundance and diversity of zooplankton [9]. 
Rotifera are known to inhabit polluted and 
eutrophic lakes and are highly                             
tolerant to fluctuation of limnological parameters 
[10]. 
 
Comparative studies between different trophic 
lakes help us understand the role of different 
zooplankton species, and their presence or 
absence helps to identify the trophic status. A 
comparative zooplankton study in lakes of 
Mysore demonstrated that Kalale lake is less 
polluted than Alanahalli and Dalvoy lakes due to 
the lesser abundance of Rotifers [3]. In Belagavi 
District, several studies on zooplankton have 
been reported. In Fort lake of Belagavi city, 
Rotifera accounted for the highest abundance 
followed by Copepoda, Cladocera, and 
Ostracoda due to high levels of phosphates [11]. 
Similarly, Rotifera were highly abundant in Sogal 
pond due to anthropogenic activities [12]. 
Seasonal variation studies conducted in 
irrigation tanks of Belagavi District reported 
higher abundance of zooplankton in summer and 
the lowest in post-monsoon season, with the 
presence of eutrophic rotifer species suggesting 
eutrophication of water tanks [13, 14]. Water 
physio-chemical studies have reported majority 
of the lakes in Belagavi city are eutrophic, with 
only a few classified as oligotrophic [15, 16]. 
Anthropogenic activities and urbanization can 
accelerate eutrophication of numerous lakes. 
Comparative studies between lakes of different 
trophic level can help identify trophic specific 
zooplankton as these lakes could have different 
diversity of zooplankton. Therefore, the present 
study aimed to understand the zooplankton 
diversity and composition in eutrophic and 
oligotrophic lakes in Belagavi city. 
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2. MATERIALS AND METHODS  
 

2.1 Study Area  
 
Belagavi city is located at 15.87°N latitude and 
74.50°E longitude with an elevation of 747.47 m 
above sea level. The average rainfall is over 
1500 mm [15]. Based on earlier reports on water 
quality assessment in Belagavi city, two lakes 
were chosen: one representing the North 
Belagavi city – Kanbargi lake, and the other from 
South Belagavi city- Khadarwadi lake [15, 16]. 
The above-cited reports have described 
Kanbargi lake as eutrophic, while Khadarwadi 
lake is oligotrophic. Kanbargi lake is situated at 
15°53'28"N 74°33'13"E and Khaderwadi lake is 
situated at 15°48'29"N 74°28'19"E (Fig. 1). 
 

2.2 Sample Collection and Identification  
 
Zooplankton sampling was conducted twice a 
month in both lakes during the early morning 
hours from March to July, for a period of 5 
months. Zooplankton were collected using a 
plankton net with a mesh size of 100 microns 
and concentrated for 200ml. The collected 
zooplankton samples were preserved using 4% 
formalin. Observation and counting were done 
using a compound microscope. For species 
identification, standard keys were followed [17, 
18, 19, 20] and were identified to the lowest 
possible taxon.  
 

2.3 Data Analysis  
 
Standard Diversity Indices, such as Abundance, 
Shannon, Simpson indices were used. The 
graphs and tables were created using Microsoft 
Excel 2016. Two-way Hierarchical Cluster 
Analysis (HCA) with Bray-Curtis Similarity Index, 
was performed using PAST 4.17 

(Palaeontological Statistics) to establish the 
relationship between two lakes during different 
seasons. 
 

3. RESULTS AND DISCUSSION  
 
In aquatic ecosystems, zooplankton play a 
crucial role as intermediate food sources to 
higher trophic animals and act as bioindicators 
for accessing the health of water bodies such as 
lakes. In the present study, a total of 23 species 
of zooplankton were identified of which 19 
species were present in Kanbargi lake and 16 
species were present in Khadarwadi lake. A total 
of 13 Rotifera species, 1 Cladocera species, 2 
Copepoda species and 2 Ostracoda species 
were observed in Kanbargi lake. In Khadarwadi 
lake, 7 species of Rotifera, 2 species of 
Cladocera, 3 species of Copepoda and 2 
species of Ostracoda were observed (Table 1). 
The order of zooplankton groups relative 
abundance is Rotifera > Copepoda > Ostracoda 
> Cladocera for Kanbargi lake and Rotifera > 
Cladocera > Copepoda > Ostracoda for 
Khadarwadi lake (Fig. 2). Throughout the study 
period, Rotifera showed the highest abundance, 
and dominance in both lakes but Kanbargi lake 
showed higher abundance than Khadarwadi lake 
(Table 2). Species such as Brachionus 
calyciflorus, Brachionus ureolaris, Keratella 
cochlearis, Lecane bulla, Asplanchna brightwelli, 
and Filinia longiseta were observed frequently in 
Kanbargi lake throughout the study period 
suggesting the lake is eutrophic. Such Rotifera 
species are known to inhabit eutrophic and 
polluted water bodies due algal bloom, organic 
waste and other domestic waste [1, 13, 14, 21]. 
Brachionus calyciflorus and Filinia longiseta 
have been reported to thrive in polluted water 
and are considered indicators of eutrophication 
[1]. 

 

  
 

Fig. 1. Satellite map of Kanbargi lake and Khadarwadi lake, Belagavi city, India 
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Fig. 2. Abundance of zooplankton groups in Kanbargi and Khadarwadi lake during the study 
period 

 
Though Rotifera displayed the highest relative 
abundance in Khadarwadi lake, the diversity was 
lower compared to Kanbargi lake and eutrophic 
inhabiting species were absent during our study 
period (Table 1). In contrast, the Cladoceran 
relative abundance is found to be 18% in 
Khadarwadi which is higher than that of 
Kanbargi lake. Cladocerans prefer cleaner 
waters for growth as they are highly sensitive to 
pollutant and eutrophication [22, 23]. Species 
like Ceriodaphnia cornuta are reported to be 
present only in oligotrophic lakes [24]. 
Considering lower diversity of rotifers and higher 
abundance of Cladocera, it can be said that 
Khadarwadi lake is cleaner and less polluted 
than Kanbargi lake. Among Cladocera, only 
Moinodaphnia macleayi is found in Kanbargi 
lake and this species has been recorded in 
eutrophic lakes [1]. 
 
In Copepoda, Mesocyclops leuckarti and 
Thermocyclops hyalinus were observed in 
Kanbargi lake. The absence of calanoid 
copepoda suggest the lake could be eutrophic. 
Copepoda occupy 19% of the relative 
abundance, second to Rotifera, in Kanbargi lake, 
suggest that abundance of phytoplankton such 
as diatoms and blue-green algae was high, as 
they are important food sources for cyclopoid 
Copepods developmental stages [1]. Copepoda 
are also known to prey on Rotifers and 
Cladocerans [25]. In the present study, the 
highest abundance of Copepoda and decreased 
abundance of Rotifera suggest they hunt and 
feed on Rotifera. In comparison to Kanbargi 
lake, lower abundance of Copepoda is seen in 
Khadarwadi lake with Mesocyclops hyalinus, 
Mesocyclops leuckarti and Thermocyclops 

hyalinus species observed. The lower 
abundance could be due to the lack of 
phytoplankton such as diatoms and blue-green 
algae required for their development. Ostracoda 
were represented by only two species, 
Strandesia elongata and Eucypris bispinosa and 
occupied the least relative abundance among all 
zooplankton groups. Lower Ostracoda diversity 
and abundance are correlated with increased 
pollution levels [3]. Similarly, lower diversity and 
abundance of Ostracoda have been reported in 
different lakes [3, 13, 26]. 
 
The Diversity indices values are shown in Table 
2. For Kanbargi lake, the Simpson_1-D diversity 
index reveals that Rotifera have the highest 
diversity value of 0.802, followed by Copepoda 
(0.794), Ostracoda (0.790), and Cladocera 
(0.786). Similarly, the Shannon (H) values 
showed that Rotifera were more diverse (1.609), 
followed by Copepoda (1.60), Ostracoda (1.591), 
and Cladocera (1.574). However, for 
Khadarwadi lake the Simpson_1-D diversity 
index reveals that Rotifera have highest diversity 
value of 0.792 followed by Cladocera (0.788), 
Copepoda (0.783), and Ostracoda (0.767). 
Similarly, the Shannon (H) values showed that 
Rotifera were more diverse (1.595) followed by 
Cladocera (1.579), Copepoda (1.562) and 
Ostracoda (1.308). 
 
Zooplankton are reported to show seasonal 
variation in their abundance due to changing 
temperature and rainfall. Seasonal variation in 
the composition of zooplankton groups in 
Kanbargi and Khadarwadi lakes is displayed in 
Fig. 3. During summer highest abundance is 
shown by Rotifera in both lakes. However, 
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Kanbargi lake had a higher individual count per 
litre of Rotifera compared to Khadarwadi lake. 
Such a rich population of Rotifers in the summer 
season could be due to the presence of a higher 
population of bacteria and decaying organic 
matter [27]. Rotifers are known to favour warmer 
temperatures and they increase their abundance 
in such favourable environmental conditions [28]. 
The two-way Hierarchical Cluster Analysis 
(HCA) with Bray-Curtis similarity index displayed 
in Fig. 4 for the summer season reveals that 
Rotifera show dissimilarity between both lakes. 
Cladocera show slight dissimilarity but both 
Ostracoda and Copepoda display similarity 
between the two lakes.  HCA also reveal that 

Rotifera occupy separate cluster whereas 
Cladocera and Ostracoda occupy the same 
cluster and Copepoda occupy the last cluster. 
Higher temperatures favours Rotifera 
reproduction and they flourish during summer in 
both lakes, therefore, they occupy a separate 
hierarchical cluster. The dissimilarity observed 
between the lakes for rotifers could be due to 
differences in their abundance and the eutrophic 
and oligotrophic nature of Kanbargi and 
Khadarwadi lakes respectively [16, 17]. From the 
above results, it can be said that Rotifera have 
established a dominance over the                 
remaining three groups during the summer 
season. 

 

  
 
Fig. 3. Seasonal variation of Zooplankton groups abundance in Kanbargi and Khadarwadi lake 
 

  
 

Fig. 4. Hierarchical Cluster Analysis (HCA) with Bray-Curtis Similarity Index of Kanbargi and 
Khadarwadi lakes during the summer and monsoon 
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During monsoon, Rotifera abundance reduced 
compared to the summer season in both lakes. 
Since Rotifers require warmer temperatures for 
their growth and reproduction, the lowered 
temperature might affect their population. 
Cladocera species like Ceriodaphnia cornuta 
increase their population in rainy season and 
decrease during summer [5]. The increased 
abundance of Cladocera observed in the 
monsoon season may be due to the availability 
of food. An inverse population relationship 
between Rotifera and Cladocera is mainly 
observed to avoid competition between them 
[29]. The Hierarchical Cluster Analysis (HCA) 
with Bray-Curtis similarity for the monsoon (Fig. 
4) reveals both Rotifera and Copepoda display 
higher dissimilarity and occupy the same 
hierarchy cluster. The Cladocera cluster is 
separate and shows dissimilarity between the 
two lakes. However, the dissimilarity and 
clustering of Cladocera have an inverse relation 
to that of Rotifera and Copepoda in the two 
lakes. That is, Cladocera are more abundant in 
Khadarwadi lake than in Kanbargi lake, but the 

abundance trend is opposite with Rotifera and 
Copepoda in these lakes. This suggests that 
lower temperatures and increased rainfall can 
favour the population of Cladocera and 
Copepoda groups. Ostracoda show higher 
similarity in both lakes and perhaps lower 
temperatures and higher rainfall do not               
favour the Ostracoda growth and reproduction, 
hence, occupy separate cluster.  Zooplankton 
are important factor for fish recruitment and 
occupy a crucial position in food web. 
Zooplankton diversity reflects on fish            
population due to their prey-predator relationship 
[30]. Zooplankton such as Cladocera and 
Rotifera are food sources for fish and the 
abundance of fish species depend on these 
zooplankton during different seasons in Dhir 
lake, Assam [31]. Therefore, zooplankton serve 
both as bioindicators and assure fish    
recruitment by acting as food sources. This 
closely connected relationship can be            
disrupted due to eutrophication                                 
which can impact the overall biodiversity of 
lakes. 

 

Table 1. List of zooplankton species identified in Kanbargi and Khadarwadi lake during the 
study period 

 

Group  Genus  Species  Kanbargi  Khadarwadi  

  

  

  

  

  

  

  

  

  

Brachionus  

Brachionus caudatus  +  +  

Brachionus rubens  +  -  

Brachionus forficula  +  -  

Brachionus diversicornis  +  -  

Brachionus ureolaris  +  +  

  

Rotifera  

  

  

 Brachionus calyciflorus  +  +  

Keratella  Keratella tropica  +  +  

Keratella cochlearis  +  +  

 Lecane  Lecane bulla  +  +  

Polyarthra  Polyarthra vulgaris  +  +  

Asplanchna  Asplanchna intermedia  +  -  

Asplanchna brightwelli  +  -  

Filinia  Filinia longiseta  +  -  

  

  

Cladocera  

Moinodaphnia  Moinodaphnia macleayi  +  -  

Macrothrix  Macrothrix goeldii  -  +  

Ceriodaphnia  Ceriodaphnia cornuta  -  +  

Daphnia  Daphnia carinata  -  +  

  

Copepoda  

Mesocyclops  Mesocyclops leuckarti  +  +  

Mesocyclops hyalinus  -  +  

Thermocyclops  Thermocyclops hyalinus  +  +  

  Naupiius  +  +  

Ostracoda Strandesia  Strandesia elongata  +  +  

Eucypris  Eucypris bispinosa  +  +  
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Table 2. Abundance and Diversity indices of zooplankton groups in two lakes 
 

   Kanbargi lake   Khadarwadi lake  

  Rotifera  Cladocera  Copepoda  Ostracoda  Rotifera  Cladocera  Copepoda  Ostracoda  

Abundance (Ind/L)  167  19  49  22  130  39  27  23  
Simpson_1-D  0.802  0.786 0.794 0.790 0.792 0.788 0.783   0.767 
Shannon_H  1.609 1.574 1.60 1.591  1.595 1.579  1.562  1.308 
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4. CONCLUSION  
 
The comparative study between eutrophic and 
oligotrophic lakes demonstrates a difference in 
zooplankton diversity and composition. A higher 
abundance of pollutant-tolerant Rotifera, with a 
low abundance of other zooplankton groups, 
suggest eutrophic conditions in Kanbargi lake. In 
contrast, the higher abundance of Cladocera in 
Khadarwadi lake, suggests that it is cleaner and 
less polluted than Kanbargi lake. During 
summer, we observed a higher abundance of 
Rotifers in both lakes, while Cladocera and 
Copepoda abundance increased during the 
monsoon. Hierarchical Cluster Analysis (HCA) 
during summer reveal that Rotifera occupy a 
separate cluster and show dissimilarity between 
two lakes while other groups show similarity 
between both lakes. These results indicate that 
there is a difference in zooplankton diversity 
between the two lakes. The closely connected 
relationship between zooplankton and fish 
recruitment can be disrupted due to pollution and 
eutrophication of lakes. This can impact the 
overall health of freshwater lakes and there is a 
need for strategies and proper management to 
maintain ecological balance of the freshwater 
ecosystem. 
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