
Ecological status and Assessment of Plankton Diversity in Balua Chaur Wetland of Muzaffarpur, Bihar

Abstract

The present study aimed to assess plankton diversity in relation to the physicochemical parameters of the Balua Chaur wetland in Dholi, Muzaffarpur, Bihar. The study tested whether there were statistically significant differences in physicochemical parameters and plankton communities among the sampling locations. Water quality parameters such as temperature, pH, dissolved oxygen(DO), turbidity, alkalinity, and hardness, and along with plankton diversity, were measured at three sampling stations. One-way analysis of variance (ANOVA) was used to determine differences among stations, while Pearson correlation was employed to assess relationship between water quality parameters and plankton abundance. The water quality index (WQI) was computed to assess the overall status of water quality. ANOVA revealed no statistically significant differences (p > 0.05) in water quality parameters among the three stations. A total of seven plankton classes were recorded in Balua Chaur Wetland, namely Chlorophyceae, Cynophyceae, Bacillariophyceae, Euglenophyceae, Rotifera, Cladocera, and Copepoda. The physicochemical parameters indicated favourable water quality throughout the study period, suggesting that Balua Chaur Wetland provides suitable environmental conditions for sustaining a diverse plankton community. These findings provide baseline information on plankton biodiversity and water quality, highlighting the ecological importance of Balua Chaur Wetland for biodiversity conservation and sustainable wetland management.
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Introduction

Wetlands are crucial for maintaining biological variety and a healthy ecology. The roles of the hydrological and ecosystems affected this utility's performance (Rameshkumar et al. 2019). This system was extremely effective at performing crucial hydrological process control responsibilities within the watershed (Banner & MacKenzie 2000). Wetlands, in their natural state, provide as a crucial home for a variety of wildlife, including fish species, animals, birds, amphibians, and mammals, as well as plant species (macrophytes, plankton diversity), and serve as a focal ecosystem for a variety of other organisms (Hernandez & Mitsch, 2007; Palit & Mukherjee, 2012). Wetlands are a distinct ecosystem that is flooded by water, either permanently or seasonally, and provides habitat for different aquatic organisms. Different wetlands, like tropical rainforests & coral reefs, form one of the most prolific ecosystems on the globe, offering a wide range of environmental products and services that support millions of people (Sarkar et al., 2020). Around 50% of the planet's wetlands have changed (Palmer et al., 2009). India is blessed with abundant floodplain wetland resources as low-lying regions bordering large rivers that endure seasonal floods from overflowing the main river channel (Sarkar et al., 2021). They are a highly productive ecosystem of the river basin which comprises rich flora and fauna, including fish, shellfish, microorganisms, algae, planktons, etc. Plankton is a collection of tiny organisms that live at sub surface water of lakes, rivers, ponds, and oceans across the planet. They’re named for the Greek word planktos, meaning to drift or float. The term plankton refers to any small biota (from microns to centimeters) living in the water and drifting at the mercy of currents, ranging from bacteria to jellyfish (Suthers et al., 2019). It is an essential component of an aquatic ecosystem because the productivity of an aquatic environment is directly proportional to the density of plankton, and it maintains the aquatic food chain. Primary production in an aquatic system depends on phytoplankton biomass and composition, which are food for primary consumers in the food pyramid, including planktivore fishes (Gogoi et al., 2019). The spatial and temporal distribution of plankton has a very close relationship with the hydrological conditions, which gives an indication of environmental changes, and the changes of the water environment can also directly or indirectly affect the community structure of plankton (Luan et al., 2007).
Materials and Methods

The current research work was conducted in Balua Chaur, Bihar. All the physicochemical characteristics and plankton abundance on a monthly basis were examined in the Fisheries Resource Management Laboratory of the College of Fisheries, Dholi, Bihar.
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Figure 1 Sampling stations of Balua Chaur Wetland


Balua chaur is a natural floodplain wetland situated in border of Muzaffarpur district and located between 26.000801°N, 85.625682°E and 26.003861°N, 85.617673°E. The chaur with total water spread area of 64 acre and water depth ranges from 4 meter to 5 meters. In Balua Chaur three sampling stations were selected based on the significance difference in the ecological and hydrological characteristics.
Table 1. Details of Sampling sites of Balua Chaur, Bihar

	Sl. No.
	Sampling site
	Sampling Location
	Elevation
	Habitat
	Description of sampling site

	
	
	Latitude
	Longitude
	
	
	

	1.
	Balua site I
	26.002403 ºN
	85.624207 ºE
	36.54±8m
	Upper stretches
	The bottom is muddy; silt accumulates with weed infested mud flats. The depth is about 5 meters and area 64 acre.  


	2.
	Balua site II
	26.001072 ºN
	85.622291 ºE
	39.13±9 m
	Middle stretches
	

	3.
	Balua site III
	26.00242 ºN
	85.621669 ºE
	53.06±20 m
	Lower stretches
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Field sampling and Water Quality Analysis

Monthly sampling was conducted from December 2021 to August 2022 at the selected sampling sites. For water quality analysis, the subsurface water samples were collected in three replicates per station to determine the physicochemical water quality of the river. Water quality was recorded using a mercury thermometer (0.1C accuracy). DO was estimated using Winkler’s methods (APHA 2005), and pH was measured using a portable hand-handle pH meter. Transparency was measured using a Secchi disc (20 cm diameter). Other water quality parameters, including Free Carbon Dioxide, Alkalinity, Hardness, Nitrite, and Ammonia, were determined using the standard methodology of APHA (2005).
Plankton Collection and Identification
Plankton sample collected using a plankton net of mesh size 10µm from each sampling site, 50 liter of water were filtered, and the concentrates were collected in 10 ml. The collected plankton samples were preserved with Lugol’s solution and then kept in cool and dark room. Phytoplankton were identified using the standard manual/Books referring to Ward & Whipple (1992), Cox (1996), Bellinger & Sigee (2010). Quantitative estimation was carried out by using a Sedgwick Rafter chamber, and qualitative estimation was done under a microscope with 4x, 10x, and 40x magnification. The observed plankton counts were converted into Organism/liter (Org/L) using the equation given below: 

Plankton (org/l)=A×(B/C×1/d)×103
Where,
A- Total number of individuals in observed strips
B- Volume of sample in cell
C- Volume of observed strips
d- Concentration factor

Diversity

Diversity refers to both species richness and evenness in species abundances, which are the two fundamental compositional characteristics of assemblages. Species diversity of the ecosystem was determined using the Past Software (Version 5.1). The species diversity can be expressed through three main key indices which are given below. 

1) Diversity indices

i. Shannon-Wiener Index (Shannon-Weaver, 1963)
It is a measure of the average degree of "uncertainty" in predicting to what species an individual chosen at random from a collection of 'S' species and 'N' individual will belong. The average uncertainty increases as the number of species increase and the distribution of individual among the species becomes even.
				        s
				H' = ∑ (pi ln pi)
				        i=1				
Where,	
	H' = Shannon-Wiener index

2.) Richness indices 
	These indicate the total number of species present in the community
Margalef index (1958)
						S – 1
				       R1 = 
					           In (n)
Where,
	R1 = Margalef species richness index
	S = total number of species in the sample 
	n = total number of individual in the sample
	pi = Proportion of the individual of the species in the sample 
	s = total number of the species

3.) Evenness indices
	Evenness refers to how the species abundances are distributed among the species. When all the species in the sample are equally abundant, evenness index should be maximum and decreases towards zero as the relative abundance of the species diverge away from the evenness
i. Pielou's Evenness index 
	This is given by Pielou (1975) and is indicated by 'J' and probably the most common evenness index by ecologist.
						            H'
					 E1 (J) =
						          ln (S)
Where,
	H' = Shannon-Wiener index
	S = Total number of species 

[bookmark: _Toc114872908]Statistical Analysis
	Basic fundamental statistical analysis were done with Excel (2013). Diversity analysis were carried out using PAST software (Version 5.1). Descriptive statistics and Pearson correlation was carried out using SPSS (Version 23).
Result and Discussion
[bookmark: _Toc114872918]Hydrological variables of water. 







Table 2. Descriptive statistics of monthly water quality variation of the studied Balua Chaur, Bihar.
	Month
	Dissolved oxygen (mg/l)
	Temp
(ºC)
	pH
	Trans. (cm)
	Free CO2 (mg/l)
	Alkalinity
(mg/l)
	Hardness
(mg/l)
	Ammonia
(mg/l)
	Nitrite
(mg/l)

	
	(Mean±SD)
	(Mean±SD)
	(Mean±SD)
	(Mean±SD)
	(Mean±SD)
	(Mean±SD)
	(Mean±SD)
	(Mean±SD)
	(Mean±SD)

	Dec
	6.26±0.15
	18±1
	7.16±0.25
	27.3±3.05
	0.46±0.28
	178.3±3.05
	163.33±1.52
	0.004±0.1
	0.001±0

	Jan
	5.5±0.26
	19±1.15
	7.43±0.30
	25.6±1.52
	0.5±0.2
	176.3±8.7
	162.6±2.08
	0.04±0.05
	0.017±0.05

	Feb
	4.56±0.25
	19.6±0.57
	7.36±0.32
	25.4±2.08
	0.5±0.1
	172.8±4.4
	160±1
	0.02±0.11
	0.01±0.0

	Mar
	5.6±0.2
	24±1
	7.86±0.35
	24.6±1.52
	0.6±0.36
	168±6
	156.33±2.08
	0.01±0.46
	0.01±0

	Apr
	5.1±0.2
	26.3±0.57
	7.63±0.30
	26.6±1.5
	0.6±0.1
	139.67±6.80
	131.3±2.08
	0.02±0.05
	0.002±0.05

	May
	4.33±0.20
	30.3±1.5
	8.06±0.40
	25.3±2.51
	0.83±0.15
	139.6±7.6
	157.3±1
	0.032±0.12
	0.002±0.05

	Jun
	5.1±0.88
	28.33±0.57
	7.6±0.29
	26±2
	0.66±0.15
	137.4±6.7
	143.3±1.5
	0.02±0.05
	0.002±0

	Jul
	4.83±0.25
	27.33±0.57
	7.7±0.22
	25.33±1.52
	0.8±0.3
	163.6±6.65
	157±1
	0±0
	0±0.05

	Aug
	6.03±0.25
	28±1
	7.3±0.1
	26.3±1.5
	0.56±0.15
	168±16.4
	163.3±1.5
	0±0
	0±0



Plankton Abundance and Diversity
Plankton descriptive statistics

The plankton community in Balua Chaur was represented by the members of Chlorophyceae, Cynophyceae, Bacillariopyceae, Euglenophyceae, Rotifer, Cladocera and Copepod.  In this chaur 39 genera were identified during the months of investigation period. In the present study, total 32 genera and 7 classes were identified from both the sampling sites. The 7 classes were Chlorophyceae, Cynophyceae, Bacillariopyceae, Euglenophyceae, Rotifer, Cladocera and Copepod. The study revealed high abundance of plankton with occurrence of different classes, which showed variation on monthly basis in Balua Chaur. Cymbella genus of class Bacillariophyceae was recorded highest abundance in Balua Chaur. The common plankton observed during study period in both the sampling sites were Oedogonium, Volvox sp., Spirogyra sp., Pediastrum sp., Microspora sp., Bacillaria sp., Navicula sp., Cymbella sp., Nitzschia sp., Brachionus falcatus, Daphnia sp., Moina sp., Dicyclops sp., Pseudodiaptomus annadalei and Leptodiaptomus ashlandii (Jyothi et al. 1990; Huddar 1995; Baruah et al. 2018; Islam Azizul et al. 2001). 
Table 3. Seasonal variation of plankton abundance in Balua Chaur, Bihar, India. 
	Species 
	Winter
	Summer
	Monsoon

	
	Dec
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	July
	Aug

	Phormidium sp. 
	+
	+
	+
	+
	+
	+
	+
	+
	+

	Oscillataria sp. 
	+
	+
	++
	+
	+
	++
	+
	+
	+

	Microspora sp.
	+
	+
	++
	++
	+++
	++
	+
	+
	++

	Zygnema sp.
	+
	+
	+
	+
	+
	++
	++
	+
	+

	Volvox sp.
	++
	+
	++
	++
	+++
	++
	+
	+
	+

	Spirogyra sp.
	++
	+
	+++
	++
	++
	+
	+
	+
	+

	Scenedesmus sp.
	+
	+
	++
	+++
	++
	+
	+
	+
	+

	Ulothrix subconstricta sp.
	+
	+
	++
	++
	+
	++
	+++
	++
	+

	Gonotozygon sp.
	++
	+
	++
	+
	+
	+
	-
	-
	-

	Odeogonium sp.
	+
	+
	+++
	++
	++
	++
	++
	++
	++

	Pediastrum sp.
	+
	+
	+
	+
	+
	++
	++
	++
	++

	Nitzchia sp.
	+
	+
	+
	++++
	++
	+
	+
	+
	+

	Gyrosigma sp.
	+
	+
	+
	++++
	+++
	+
	+
	+
	+

	Pinnularia sp.
	+
	++
	++
	+++
	+++
	+
	+
	+
	+

	Fragilaria sp.
	+
	+
	+
	+
	+
	+
	+
	+
	+

	Petrodyction sp.
	+
	+
	+
	+
	+
	+
	+
	+
	+

	Parlibellus sp.
	+
	+
	+
	+
	+
	+
	+
	+
	+

	Bacillaria sp.
	+
	+
	-
	+
	+
	+
	+
	+
	+

	Closterium sp.
	+
	+
	+
	+
	+
	+
	+
	+
	+

	Cymbella sp.
	+
	++
	+
	+++
	++
	+++
	++
	++
	+

	Navicula sp.
	+
	++
	+++
	+++
	++
	+++
	++
	++
	+

	Euglena sp.
	+
	+
	+
	++
	+
	++
	++
	++
	+

	Paramecium sp.
	+
	+
	+
	+
	++
	+
	+
	+
	+

	Platyias sp.
	+
	+
	+
	+
	++
	+
	+
	+
	+

	Brachionus urceolaris sp.
	+
	-
	+
	+
	+
	+
	+
	+
	+

	Brachionus calycifloras sp.
	+
	+
	+
	+
	+
	+
	+
	+
	+

	Brachionus plicatlis sp.
	+
	+
	+
	+
	+
	+
	+
	+
	+

	Asplanchna sp.
	+
	-
	-
	-
	+
	-
	+
	+
	+

	Keratella sp.
	+
	+
	+
	+
	+
	++
	+
	+
	+

	Brachionus quadridentatus
	+
	+
	+
	-
	+
	+
	+
	+
	+

	Brachionus diversiconis
	+
	+
	+
	+
	+
	+
	+
	+
	+

	Brachionus falcatus
	+
	+
	+
	+
	+
	++
	+
	+
	+

	Daphnia sp.
	+
	+
	+
	+
	+
	+
	+
	+
	+

	Moina sp.
	+
	+
	+
	+
	+
	+
	+
	+
	+

	Dicyclops sp.
	+
	+
	+
	++
	+
	+
	+
	+
	+

	Pseudodiaptomus annadalei
	+
	+
	+
	+
	+
	+
	+
	+
	+

	Leptodiaptomus ashlandii
	+
	+
	+
	+
	+
	+
	+
	-
	-

	+++ = Highly abundant / Very high abundance
++ = Moderately abundant / Moderate abundance
+ = Low abundance / Present in low numbers
− = Absent / Not detected


[bookmark: _Toc114872935]
Phytoplankton Density of Balua Chaur 

[bookmark: _Toc114872936]Phytoplankton from Balua Chaur was observed in the current study between December 2021 to August 2022. They belongs to 23 different genera, including the class Cynophyceae (2 genera), Euglenophyceae (2 genera), Bacillariophyceae (10 genera), and Chlorophyceae (9 genera). Similar observations were recorded by Laskar & Gupta, (2009), as they recorded Bacillariophyceae as the most dominant group in the in wetland of Barak Valley, Assam. 

Zooplankton Density of Balua Chaur
In the current investigation, zooplankton abundance from the Balua Chaur between December 2021 to August 2022 was recorded. They belongs to 16 distinct genera, including Rotifer (9 genera), Cladocera (2 genera), and Copepod (3 genera). Rotifera recorded the highest amongst zooplanktonic groups. Similar observations were found in the study done by D’Ambrosio et al., (2016) in Liancanelo basin wetland where they reported 16 zooplankton taxa, including individuals from the Rotifer, Cladocera, and Copepod.

             Fig. 2: Monthly distribution planktonic groups 
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Plankton diversity indices of Balua Chaur
In Balua Chaur the highest Shannon diversity index (H) (Table 4).  was recorded during the February (1.9) indicating the high abundance of phytoplankton as it is observed as a common phenomenon in the water bodies of ganga basin (Bidyasagar et al., 2025) and the lowest value was observed during the month of December and April (1.66) indicating less abundance of phytoplankton species. But most of the studies in the Ganga plain often reported the high diversity during monsoon, pre-monson and least during the winter season (Lasker and Gupta 2009). Evenness was highest during January (0.95), indicating the favorable growth of most of the phytoplankton species. A similar observation was made by Khanna et al. (2012); Kumari (2022), and lowest during three different months, viz., December, May, June, and August (0.88). The Margalef richness (d’) was highest during the month of August (5.46) and lowest during the month of January (2.88). 
Table 4: Diversity indices of the phytoplankton abundance in Balua chaur, Bihar 

	 
	DEC
	JAN
	FEB
	MCH
	APL
	MAY
	JUN
	JLY
	AUG

	Shannon (H)
	1.66
	1.89
	1.90
	1.83
	1.66
	1.81
	1.82
	1.83
	1.82

	Evenness (j’)
	0.88
	0.95
	0.96
	0.89
	0.87
	0.88
	0.88
	0.89
	0.88

	Margalef (d) 
	4.55
	2.88
	3.08
	3.08
	3.10
	3.34
	3.34
	3.72
	5.46


Note: H=  Shanon diversity index; J’= evenness index; d= Margalef index. 

Relationship between water quality and plankton abundance of Balua Chaur, Bihar 
A Pearson’s correlation between water quality and total phytoplankton was estimated to assess their correlation pattern (Table 5). It has been found that planktonic is highly correlated with pH (r=0.78 at p>0.01) only, while others were not significant. Similar observations are also observed in other research, as Khatun and Rashidul (2020) observed that there was no significant correlation between the phytoplankton assemblage and physical and chemical characteristics in the summer season. 
Table 5. Correlation between plankton and physico-chemical parameters (N=9)

	
	DO 
	pH
	Temp.
	NH4
	FCO2
	ALK
	NO2
	Hrd.
	Tran.
	Plankton

	DO (mg/l)
	1
	
	
	
	
	
	
	
	
	

	pH
	-0.622
	1
	 
	
	
	
	
	
	
	

	Temp.
	-0.394
	0.664
	1
	
	
	
	
	
	
	

	NH4
	-0.524
	0.596
	0.247
	1
	
	
	
	
	
	

	FreeCO2
	-0.641
	.821**
	.821**
	0.377
	1
	 
	 
	 
	 
	 

	Alk
	0.535
	-0.620
	-.779*
	-0.474
	-0.639
	1
	 
	 
	 
	 

	NO2
	-0.274
	0.480
	-0.209
	0.660
	0.065
	0.159
	1
	 
	 
	 

	Hrd
	0.289
	-0.306
	-0.405
	-0.556
	-0.224
	.776*
	-0.009
	1
	 
	 

	Trans.
	0.526
	-.668*
	-0.214
	-0.472
	-0.436
	0.011
	-.693*
	-0.169
	1
	 

	Plankton
	-0.648
	.780**
	0.341
	0.634
	0.394
	-0.548
	0.603
	-0.510
	-0.624
	1

	**. Correlation is significant at the 0.01 level (2-tailed).

	*. Correlation is significant at the 0.05 level (2-tailed).

	N = 9 monthly mean observations (each value represents the mean of three replicate samples collected during each monthly sampling event).

	DO = Dissolved Oxygen (mg L⁻¹); Temp. = Water Temperature (°C); NH₄ = Ammonium (mg L⁻¹); FCO₂ = Free Carbon Dioxide (mg L⁻¹); Alk = Total Alkalinity (mg L⁻¹ as CaCO₃); NO₂ = Nitrite (mg L⁻¹); Hrd. = Total Hardness (mg L⁻¹ as CaCO₃); Tran. = Water Transparency (cm); Plankton = Total plankton abundance. 




Ecological Importance
The occurrence of diverse phytoplankton and zooplankton communities demonstrates that Balua Chaur functions as a biologically productive floodplain wetland. Plankton constitute the primary food resource for larval and juvenile fishes and therefore play a fundamental role in supporting fisheries productivity. The relatively high diversity observed during the present study indicates that the wetland possesses favourable ecological conditions capable of sustaining higher trophic levels. Consequently, conservation of water quality and hydrological connectivity is essential for maintaining the ecological integrity and fisheries potential of this wetland.
Conclusions
The present investigation demonstrated that Balua Chaur wetland supports a rich and diverse plankton community comprising 39 genera distributed among seven major planktonic groups, reflecting favourable ecological conditions. Physicochemical parameters remained within suitable limits throughout the study period, indicating good environmental quality for aquatic life. Bacillariophyceae and Chlorophyceae were the dominant phytoplankton groups, whereas Rotifera represented the most abundant zooplankton group. Diversity indices indicated moderate to high plankton diversity with relatively stable species distribution across seasons. Pearson correlation analysis revealed that pH was the only physicochemical parameter significantly associated with plankton abundance, suggesting that slightly alkaline conditions enhance plankton productivity in the wetland. The overall findings emphasize the ecological significance of Balua Chaur as a productive floodplain wetland supporting aquatic biodiversity and fisheries resources. The study also provides valuable baseline information for future ecological monitoring, biodiversity conservation and sustainable fisheries management in the floodplain wetlands of Bihar.
Limitations
The study was limited to monthly observations from December 2021 to August 2022 and may not fully represent long-term seasonal or annual variation in plankton diversity. Sampling was restricted to three stations within a single wetland. The study did not provide detailed station-wise plankton abundance, complete species-level identification, or full ANOVA and Water Quality Index outputs. Some plankton were identified only up to genus level, and molecular confirmation was not performed. Future studies should include longer monitoring, detailed species-level taxonomy, stronger statistical reporting, and assessment of additional ecological factors such as nutrients, chlorophyll, sediment quality, and fish-plankton interactions.
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