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ABSTRACT 

This study evaluated the limnology and zooplankton of the Ganga River at Bhojpur, Bihar, India, from August 2024 to 

July 2026. We measured limnological parameters and corresponding biodiversity indices. Water temperature showed a 

negative relationship with pH, dissolved oxygen, total alkalinity, and hardness, while a direct relationship with electrical 

conductivity, total dissolved solids, chloride, nitrate, and phosphate. We identified 24 genera of zooplankton, including 

7 Rotifera, 5 Protozoa, 5 Cladocera, 4 Copepoda, and 3 Ostracoda, ranging from 05 to 247 ind./L. The analysis showed 

that zooplankton density declined in post-monsoon and remained highest in summer due to the water body’s 

environmental and inflow characteristics. Density also showed a positive relationship with electrical conductivity, total 

dissolved solids, chloride, nitrate, and phosphate, but a negative correlation with water pH, dissolved oxygen, total 

alkalinity, and hardness. The Shannon-Wiener index, Simpson indices, Pielou’s evenness index, Menhinick’s index, and 

Margalef richness index assess zooplankton and the limnological profile. The diversity indices indicated moderate to 

high diversity and moderately polluted conditions.  
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INTRODUCTION 

The physicochemical parameters are affected by variations in water distribution, abundance, and diversity of plankton.1 

The assessment of the diversity and abundance of the community structure of the plankton is necessary to assess the 

potential fishery resource of an aquatic body.2,3  Plankton diversity is therefore considered an important ecological 

parameter because of its fundamental role in aquatic food chains and energy transfer. 

Among plankton, zooplankton have several advantages as indicators of environmental quality in water bodies.4 

Zooplankton distribution shows wide spatio-temporal variations because of the various limnological factors affecting 

individual species. They act as indicators, as shown by studies on zooplankton from the River Ganga and River Tons.5,6 

Zooplankton convert plant protein into animal protein in aquatic bodies.7 

Zooplankton diversity refers to variety within the community and is one of the most important ecological parameters for 

phytoplankton and fish. Generally, species/genera richness indices are considered the best indicator of biodiversity.8-10 

Protozoa, Rotifera, Cladocera, Copepoda and Ostracoda dominate freshwater zooplankton. Protozoans generally possess 

limited locomotory ability, although their mobility varies among taxa; however, others move in quiescent water. 

Despite the ecological importance of zooplankton, information on its quantitative characteristics in relation to 

physicochemical parameters and biodiversity remains scarce in the Bhojpur region.11 Hence, an attempt has been made 

to study ecology, diversity, and water quality relationships of zooplankton of the Ganga River, Bhojpur. The study is 

expected to provide baseline information on the ecological status, seasonal dynamics, and condition of the river 

ecosystem, thereby provoding an understanding of its biological productivity and potential fishery resources. 

 

MATERIALS AND METHODS  

Three replicates of water samples were collected fortnightly from three sampling stations: Mahuli, Shivpur and Sinha 

along the Ganga River from August 2024 to July 2026. Water runoff and sewage from the surrounding catchment area 

enter the river and degrade its quality. The climate of Bhojpur (25033’21.7584” N and 84039’37.1952” E) district is 

healthy; the district is in a drier part of India, with annual rainfall of 1155.00 mm. 

Water temperature and pH were assessed at the time of sampling using digital pH meter. Electrical conductivity, total 

dissolved solids, dissolved oxygen, total alkalinity, hardness, chloride, nitrate and phosphate were determined following 

standard methods.12 Seasonal variations were observed during summer (March to May), monsoon (June to August), 

post-monsoon (September to November) and winter (December to February). 

Zooplankton were collected by horizontal hauls at a depth of about 1.00 m for 5-10 minutes using a silk net with a 

mouth area of 0.0855 m2 and mesh size 0.02 mm. Zooplankton were transferred to 100 mL plastic bottles and fixed with 

10% formalin. A stereoscopic microscope and an Olympus FX 100 microscope were used to observe plankton, and 

standard keys were used for identification.13 Sedgwick rafter was used for cell counting.14 

Data were analyzed for correlation in Microsoft Excel 2007, while Diversity indices were calculated using Prism 5. 
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RESULTS AND DISCUSSION  

Indian freshwater rivers are increasingly affected by contamination resulting from pollution, industrial effluents, and 

toxic substances, posing serious threats to the aquatic life and ecological integrity that these rivers once sustained. In this 

context, the physicochemical parameters of the Ganga River at Bhojpur exhibited marked spatial and temporal 

variations, reflecting changes in environmental conditions and the influence of anthropogenic activities. 

 

Table 1: Physicochemical parameters of water of Ganga River, Ara during 2024-2026 

 

Mont

h 

Water  

Temper

ature 

(0C) 

pH Electrica

l 

Conduct

ivity 

(𝝁s/cm) 

Total 

Dissolve

d Solids 

(mg/l) 

Dissol

ved 

oxyge

n 

(mg/l) 

Total 

Alkalinit

y 

(mg/l) 

Total 

Hardnes

s 

(mg/l) 

Chloride 

(mg/l) 

Nitrate 

(mg/l) 

Phosp

hate 

(mg/l) 

Sum

mer 

(Mar

ch-

May) 

30.5±2.

05 

7.5±0

.15 

1326.6±
37 

663.3±2

1.5 

7.47±
0.21 

387.2±2

9.68 

397±8.5

4 

45.35±1.

77 

3.0±0.2

8 

6.33±
0.57 

Mons

oon 

(June

-

Augu

st) 

32.6±2.

16 

7.27±
0.14 

1349.33

±82.59 

664.67±
24.19 

7.43±
0.42 

354.33±
20.50 

354±58.

92 

23.3±12.

80 

2.7±0.5

8 

6.67±
0.25 

Post-

Mons

oon 

(Sept.

-

Nov.) 

27.3±2.

36 

7.6±0

.11 

1255.3±
15.01 

524.6±3

3.31 

8.2±0.

21 

409.67±
18.90 

429±10.

0 

14.15±4.

48 

2.18±0.

70 

6.0±0.

2 

Wint

er 

(Dec.

- 

Feb.) 

22.9±1.

80 

7.83±
0.06 

1185±35

.59 

521±72.

27 

8.57±
0.25 

487±57.

86 

498.67±
90.89 

34.46±8.

86 

2.11±0.

78 

5.3±0.

17 

Aver

age 

28.3417

±3.72 

7.56±
0.23 

1279.08

±79.32 

593.417

±82.33 

7.925

±0.56 

409.583

±59.26 

419.667

±72.16 

29.3217

±14.08 

2.5225

±0.66 

6.075

±0.60 

 

The water temperature was higher in summer and lower in winter because of seasonal changes in river-water 

temperature (Table 1). The observed mean water temperature of 28.3417±3.720C. The lower temperature may be 

associated with strong winds and reduced solar heating, and the highest value could be attributed to high solar 

radiation.15 An increase in water temperature decreases dissolved oxygen.16 

Water temperature showed significant correlations with pH (-0.895***, p<0.001), electrical conductivity (0.946***, 

p<0.001), total dissolved solids (0.870***, p<0.001), dissolved oxygen (-0.950***, p<0.001), total alkalinity (-

0.947***, p<0.001), hardness (-0.803***, p<0.001), nitrate (-0.895*, p<0.05), and phosphate (0.926***, p<0.001). 

pH remained alkaline throughout the study period, with carbonate and bicarbonate originating from the alkaline earth 

metals. pH was lowest in summer and highest in winter (Table 1). The water pH ranged from 7.27 to 7.83, indicating 

metabolic activities are pH-dependent.17 

 

Table 2 Correlation analysis of physicochemical parameters of water of Ganga River, Ara during 2024-2026 

 

Month Water  

Temperat

ure (0C) 

pH Electrical 

Conducti

vity 

(𝝁s/cm) 

Total 

Dissolv

ed 

Solids 

(mg/l) 

Dissolv

ed 

oxygen 

(mg/l) 

Total 

Alkalin

ity 

(mg/l) 

Total 

Hardn

ess 

(mg/l) 

Chlori

de 

(mg/l) 

Nitrat

e 

(mg/l) 

Phosph

ate 

(mg/l) 

Water  

Temperat

ure (0C) 

1.0 -

0.895*

** 

0.946*** 0.870*

** 

-

0.950*

** 

-

0.947**

* 

-

0.803*

** 

0.063

NS 

0.644

* 

0.926**

* 

pH  1.0 -0.774** -

0.709*

* 

0.834*

** 

0.802**

* 

0.734*

* 

0.103 

NS 

-

0.524

NS 

-

0.926**

* 

Electrical 

Conducti

  1.0 0.835*

** 

-

0.935*

-

0.900**

-

0.691*

0.193 

NS 

0.643

* 

0.880**

* 
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vity 

(𝜇s/cm) 

** * * 

Total 

Dissolved 

Solids 

(mg/l) 

   1.0 -

0.933*

** 

-

0.791** 

0.753*

* 

0.414 

NS 

0.703

** 

0.710** 

Dissolved 

oxygen 

(mg/l) 

    1.0 0.874**

* 

0.791*

* 

-0.316 

NS 

-

0.676

* 

-

0.863**

* 

Total 

Alkalinit

y 

(mg/l) 

     1.0 0.892*

** 

0.094 

NS 

-0.470 

NS 

-

0.851**

* 

Total 

Hardness 

(mg/l) 

      1.0 0.062 

NS 

-0.319 

NS 

-0.655* 

Chloride 

(mg/l) 

       1.0 0.575

* 

-

0.052N

S 

Nitrate 

(mg/l) 

        1.0 0.554* 

Phosphat

e 

(mg/l) 

         1.0 

(NS = Not significant, * = significant at 5%, ** = significant at 1% and *** = significant at 0.1% level; df = 11) 

 

Dissolved oxygen in water ≥ 5.0 mg/L is desirable for good biota. The reduction in dissolved oxygen during summer 

may be associated with increased water temperature, which reduces oxygen solubility, as well as enhanced microbial 

respiration and decomposition of organic matter. These dissolved oxygen levels supported the earlier finding. It has 

been explained that at low dissolved oxygen in water, organic matter started decomposing.18 

pH and dissolved oxygen in water showed significant negative correlations with total alkalinity, hardness, nitrate and 

phosphate (Table 2). 

 

Table 3. Seasonal variation of zooplankton density (unit/Litre) from Ganga River, Ara during the period of 

August 2024 to July 2026 

 

 No. of 

genera 

Names and densities Summer Monsoon Post-

Monsoon 

Winter Total 

Protozoa 05 Amoeba (58), Arcella 

(35), Diffulgia (49), 

Euglena (51), 

Paramoecium (52)  99 (40.41%) 

76 

(31.02%) 

30 

(12.24%) 

40 

(16.33%) 

245 

(18.92%) 

Rotifera 07 Asplanchna (49), 

Brachionus (247), 

Cephlodella (50), Filinia 

(53), Keratella (93), 

Lecane (70), Testudinella 

(51) 

344 (56.12%) 192 

(31.32%) 

33 

(5.38%) 

44 

(7.18%) 

613 

(47.34%) 

Cladocera 05 Bosmina (33), Chydorus 

(76), Daphnia (42), 

Daphniosoma (37), 

Monia (76) 

127 (48.11%) 77 

(50.89%) 

25 

(9.47%) 

35 

(13.26%) 

264 

(20.39%) 

Copepoda 04 Heliodiaptomous (38), 

Mesocyclops (33), 

Nauplius (42), 

Thermocyclops (38) 

81 (53.64%) 42 

(27.81%) 

12 

(7.95%) 

16 

(10.60%) 

151 

(11.66%) 

Ostracoda 03 Cypris (9), Stenocypris 

(8), Lothonura (5) 

8 (36.36%) 4 

(18.18%) 

5 

(22.72%) 

5 

(22.72%) 22 (1.7%) 

 24 

 659 (50.89%) 

391 

(30.19%) 

105 

(8.11%) 

140 

(10.81%) 

1295 

ANOVA = 2.477NS (p>0.05) 
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Table 4. Correlation-coefficient of physicochemical parameters of water and zooplankton of Ganga River, Ara 

during the period of August 2024 to July 2026. 

 

 Water 

Temperat

ure 

(0C) 

pH Electrical 

Conducti

vity 

Total  

Dissolv

ed 

Solid 

 

Dissolv

ed   

Oxygen 

(mg/L) 

Total 

Alkalin

ity 

(mg/L) 

Hardn

ess 

(mg/L) 

Chlori

de 

(mg/L

) 

Nitrate 

(mg/L) 

Phosph

ate 

(mg/L) 

 

Protozo

a 

0.7036** -

0.6047

* 

0.7800** 0.9429*

** 

-

0.8690*

** 

-

0.6169* 

-

0.6484

* 

0.6782

* 

0.9809*

** 

0.6632* 

Rotifer

a 

0.6884** -

0.5525

* 

0.7628** 0.9016*

** 

-

0.8507*

** 

-

0.6006* 

-

0.6207

* 

0.6875

** 

0.9846*

** 

0.6442* 

Cladoc

era 

0.6492* -

0.5205

NS 

0.7289** 0.8893*

** 

-

0.8243*

** 

-

0.5562* 

-

0.5805

* 

0.7278

** 

0.9746*

** 

0.6034* 

Copepo

da 

0.6284* -

0.4850

NS 

0.7072** 0.8591*

** 

-

0.8029*

** 

-0.5376 

NS 

-

0.5540

* 

0.7340

** 

0.9659*

** 

0.5808* 

Ostraco

da 

0.1123NS -

0.1077

NS 

0.1871 NS 0.3268 

NS 

-0.2934 

NS 

-0.4035 

NS 

-0.0074 

NS 

0.7694

** 

0.5895* 0.0559 

NS 

(NS = Not significant, * = significant at 5%, ** = significant at 1% and *** = significant at 0.1% level; df = 11) 

 

Table 5. Biodiversity indices of Zooplankton in Ganga River, Ara during August 2024 to July 2026. 

 

Phylum/Group Shannon-

Weinner 

Index 

Evenness 

Index 

Simpson 

Dominance 

Index 

Simpson 

Diversity 

Index 

Simpson 

Reciprocal 

Index 

Menhninick’s 

Index 

Margalef  

species 

Richness 

Index 

Protozoa 

Rotifera 

Cladocera 

Copepoda 

Ostracoda 

1.597 

1.725 

1.545 

1.383 

1.070 

0.992 

0.887 

0.960 

0.997 

0.974 

0.205 

0.226 

0.226 

0.252 

0.351 

0.795 

0.774 

0.774 

0.748 

0.649 

4.882 

4.428 

4.418 

3.972 

2.847 

0.319 

0.283 

0.308 

0.326 

0.640 

0.727 

0.935 

0.717 

0.598 

0.647 

Average 1.464 0.962 0.252 0.748 4.1094 0.3752 0.7248 

 

Electrical conductivity ranged between 1185±35.59 and 1349.33±82.59 µmhoS/cm with an average value of 

1279.08±79.32 µmhoS/cm. The highest value of electrical conductivity (1349.33±82.59) was recorded during the 

monsoon and the lowest (1185±35.59) during post-monsoon. Electrical conductivity had significant positive correlations 

with total dissolved solids, nitrate, and phosphate.  

Total dissolved solids varied between 521±72.27 and 664.67±24.19 mg/L with an average value of 593.417±82.33 

mg/L. Highest TDS of 664.67±24.19 mg/L was observed in the monsoon and lowest (521±72.27 mg/L) during post-

monsoon. Total dissolved solids had a significant positive correlation with nitrate and phosphate. 

Maximum total alkalinity during summer may be due to increased photosynthesis, carbon dioxide, and the disposal of 

debris and urban discharge through open drains into the river. Highest total alkalinity of water during summer and the 

lowest during winter has also been reported earlier.19 Total alkalinity is related to fluctuations in photosynthesis. Water 

with alkalinity greater than 100 mg/L is productive and ideal for fish culture.20 In this work, total alkalinity of water 

was found 409.583±59.26 mg/L. Total alkalinity and hardness of water also showed significant positive relationships 

with phosphate (Table 2) 

The chloride value varied from 14.15±4.48 to 45.35±1.77 mg/L. Maximum of 45.35±1.77 mg/L chloride was recorded 

during the summer and minimum of 14.15±4.48 mg/L chloride was recorded in the post-monsoon with an average of 

29.3217±14.08 mg/L. Chloride was significantly positively correlated with free nitrate.21 But, a chloride level of more 

than 100mg/L can burn the edges of the gills of fishes. 

Nitrate (2.5225±0.66 mg/L) in the water was highest during the monsoon season. This is due to excess from agricultural 

fields, decayed vegetables, animal matter, etc. The high nitrate detected in the river can be attributed to fertilizers, which 

enter river bodies. Such findings on nitrate in water have also been reported.22 

Phosphate levels ranged from 5.3±0.17 to 6.67±0.25 mg/L with an average value of 6.075±0.60 mg/L. The highest value 

of 6.67±0.25 mg/L was recorded during monsoon and the lowest (5.3±0.17 mg/L) was in winter.  

 

Zooplankton are biotic components of food chains, energy flow, and cycling in aquatic ecosystems as secondary 

consumers. Zooplankton from 24 genera: 7 of Rotifera, 5 of Protozoa, 5 of Cladocera, 4 of Copepoda, and 3 of 

Ostracods, were identified from the Ganga River (Table 3). These results were similar to earlier observations.23 21 

zooplankton belonging to 5 major groups, viz. Protozoa (7), Cladocera (5), Copepoda (1), Rotifera (7), and Ostracoda 
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(1) have been reported from Tons in Dehradun.24 Earlier, out of 46 genera of zooplankton, 19 rotifera, 6 protozoa, 9 

cladocera, 9 copepoda, and only 3 ostracoda were identified at Shershah Suri pond, Bihar, India.1 Besides, 38 genera of 

zooplankton, having Copepoda with 17, Protozoa and larval forms of animals consisted of 5 genera, and Ostracoda with 

3 species at River Kali at Karwar, have been reported.25 

Rotifers indicate eutrophication and are used to assess and minimize aquatic pollution.26 In this study also, the 

maximum share in zooplankton composition was shown by Rotifers (47.34%), followed by cladocerans (20.39%), 

protozoans (18.92), Copepods (11.66), and least by Ostracods (1.7%). Among these, Cladocerans and Copepods can be 

used as indicators of freshwater aquatic environments.27 Abundance and dominance of rotifera are reported in several 

water bodies.28,29 This pattern is common in many freshwater bodies: lakes, ponds, reservoirs, rivers, and streams.30 

In this study, the density showed temporal variation. Zooplankton determine the nature of the aquatic environment. The 

density fluctuated from 05 to 247 ind./L (Table 3). In a study, the numerical density of 1 zooplankton at Vasishti estuary 

ranged from 10845/100 m3 to 23308/100 m3.31 The maximum was recorded during the summer season and the 

minimum during post-monsoon. While analyzing seasonal dynamics of Rotifers in relation to physicochemical 

conditions of the River Yamuna, similar observations were made: higher densities in summer and lower during the 

winter season.32 The highest count of Rotifers was recorded in the northeast monsoon season, followed by winter and 

summer seasons at Yadigir, Karnataka.33 According to an earlier report, ostracods and protozoans are maximum in 

summer months and minimum in monsoon months.34 Higher numerical density of zooplankton, more during summer 

and lowest during winter months, was also reported.35 Regular flash floods, rainfall, and perhaps cloudy skies during 

the monsoon are major causes of lower plankton diversity because zooplankton prefer either steady or low water 

current.26,36 The present study supports these observations. 

Distribution depends on a complex of factors, including climatic conditions and physicochemical parameters such as 

water temperature, pH, dissolved oxygen, and nitrate.37 Water quality can affect aquatic biodiversity, biological 

productivity, and mineral cycling in the ecosystem. Density was negatively correlated with pH, dissolved oxygen, total 

alkalinity, and hardness. It was positively correlated with water temperature, electrical conductivity, total dissolved 

solids, chloride, nitrate, and phosphate (Table 4).38 A positive correlation between water temperature and zooplankton 

has also been reported.39 

 

The value of the Shannon-Wiener index in the present observation (H’ = 1.464, range = 1.070 to 1.725) indicates 

moderate variation in diversity of zooplankton density. The values of the Shannon-Wiener index (H’) <1.0 indicate 

heavy pollution, 1.0 to 3.0 moderate pollution, and >3.0 non-polluted water.40 Although these values provide useful 

information on community structure, they should not be used to classify the pollution status (Table 5). However, H′ 

alone is insufficient to establish the pollution status of the river. 

Pielou evenness index (J’) is a function of some diversity measure and the number of individuals in a sample collection. 

Its value of 1 indicates perfect evenness, but 0 indicates no evenness and high dominance.41 Pielou evenness index (J’) 

permits considerable refinement in diversity studies. 0.887 to 0.997 for this index were observed in this work. 

Simpson diversity index (D’) ranges from 0 to 1. 0 represents numerous genera/species and infinite diversity, and 1 

represents no diversity.7 Therefore, the present observation (D’ = 0.649 to 0.793) showed moderate dominance. It 

follows the probability of picking the same genus. 

Simpson dominance index (1-D’) also ranges from 0 to 1. Simpson indices represent diversity. Simpson dominance 

index (1-D’) values of 0.205 to 0.351 observed in this work showed similarities and indicate moderate diversity. It 

follows the probability of picking different genera. 

The Simpson reciprocal index (1/D') begins at 1 for only one genus/species. Its value increases with diversity and is 

influenced by the equitability of each genus/species present and richness. If there are five genera/species, its maximum 

value will be five. The value of the Simpson reciprocal index (1/D') of 2.847 to 4.882 shows conformity with the 

number of genera (3 to 7) observed in this study and indicates moderate diversity. It follows the effective number of 

abundant genera. 

Menhinick’s Index is based on the ratio of the number of genera/species and the square root of the total number of 

individuals. A higher value of Menhinick’s Index indicates greater species richness, and lower values indicate lower 

species richness. The Menhinick’s Index is used for samples of different sizes. Earlier, this index ranged from 0.870 to 

0.942 at Rameswaram. 0.283 to 0.640 featured lower generic richness.42 

Further, Margalef’s richness index (d’ = 0.7248, range = 0.598 to 0.935) showed high pollution of this river. Margalef’s 

richness index (d’) <1 indicates heavy pollution, 1 to 3 moderately polluted conditions, and >3 no pollution.43 Margalef 

(d’) Index provides an understandable and instantaneous expression of diversity. The mean values of H’ > 2 and D’ > 

0.9 indicate the healthy diversity of the ecosystem.44 Therefore, the present work probably indicates unhealthy diversity 

in this water body. 

The value of d’ is strongly influenced by sampling and highlighted genera/species richness of 2 to 3. The values of H’ 

ranged from 0.44 to 3.4 and d’ from 0.35 to 2.09 at Mumbai harbour.3 The maximum values of H’ and d’ were also 

calculated at Dhaula and Baigul.45 

Margalef’s Richness of 5, Pielou Evenness of 0.90, the Shannon-Weiner Index of 1.42, Simpson Diversity Index of 

0.72, and Simpson Dominance Index of 0.28 for different zooplankton were observed in the Ganga-derived Chhariganga 

Oxbow Lake in West Bengal.37 It describes low taxonomic richness. Thus, the present work corroborates the earlier 

findings.46 
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CONCLUSION 

The study revealed seasonal variation in the physicochemical characteristics and zooplankton community of the Ganga 

River at Bhojpur, Bihar. 24 zooplankton genera and five major taxonomic groups were recorded. Zooplankton 

abundance was generally higher during summer and lower during the post-monsoon season. Abundance showed positive 

relationships with temperature, electrical conductivity, total dissolved solids, chloride, nitrate, and phosphate, and 

negative associations with pH, dissolved oxygen, alkalinity, and hardness. The diversity indices indicated variation in 

community structure across sampling periods. Overall, the findings provide baseline information on zooplankton 

composition and its relationship with physicochemical conditions in the studied river stretch. 
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