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1. INTRODUCTION: 
Water is a compound that is the most important and abundant one in the ecosystem. Water makes survival and 

growth possible, of all the living organisms on the earth. At present the only planet having a large share of 

approximately 70 % of water is the Earth. Due to expansion of the human population, urbanization, fertilizers 

application in agriculture and several anthropogenic activities, water has become polluted with different contaminants. 

Hence it becomes a necessity to check the water quality at a regular basis so that its quality could be maintained at 

certain standard levels for its proper utilization and in order to avoid any future loss by the polluted or contaminated 

water. Generally, most of the times, pollutants are found in the environment either in form of sewage, domestic waste, 

agricultural waste, accidental discharge, industrial waste or many times as compounds used with the intent to protect 

plants and animals. And the pollution occurs when a certain product added to natural environment triggers and 

promotes adverse effects on the nature’s ability to dispose it off. Various physico-chemical parameters can be 

measured for the assessment of presence of pollution in the water [1]. The physico-chemical analysis of water is taken 

as a primary consideration towards assessing the water quality for any of its productive utilization which may include 

drinking, irrigation purpose, fisheries, and industrial purpose. These analyses are also helpful for understanding 

various complex processes like interactions between the climatic and the biological processes in water [2]. 

Change in climate has created an irregularity in seasonal patterns in the past years. The extreme weather phenomena 

during the last few years have also contributed to the rise in scarcity of water availability and resources of energy [3-

4]. Alike other states of India Jharkhand are also largely dependent on the monsoon rainfall for the fulfillment of its 

demand of water. 

As compared to lotic body of water like- the river, ponds are more prone towards pollution due to their 

stagnant property. Pond contamination occurs in many ways and any type of contamination in the pond water directly 

or indirectly affects the pond flora and fauna and also the human health if water is aimed for domestic utilization. 

Fresh water being one of basic needs to the human being and other organisms on the earth, most of the fresh water 

bodies all over the world are gradually getting polluted, thus deteriorating the portability property of water [5]. Ponds 

are the source of fresh water, that in a direct or in an indirect manner pose enormous ecological, commercial and 

socio-economic importance. Pond water provides natural shelters to many aquatic animals, plants, and 

microorganisms thereby making life possible in it. They are quite rich in biodiversity components like flora and fauna 

of local of natural and regional significance. Therefore, the ponds hold an important place in biodiversity [6].  In India, 

the natural ponds are expanded about 0.72 million ha of area. Most of these ponds are found in the villages, places of 
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religious worship including other human inhabitations [7-9]. All of these make them vulnerable to changes day by 

day, which might probably present a clear picture about the pollution load on them [10]. 

Zooplankton population in freshwater mainly comprises of the Cladocerans, Copepods, Ostracods, 

Protozoans, and Rotifers. Zooplankton plays an integral role in the food web of aquatic ecosystem because they are 

the consumers for primary producers (phytoplankton) thereby forming a major food source for the tertiary producers. 

Zooplankton has been considered as the basic and principal natural fish food for the young fishes and for some adult 

fishes that support the fish production in the broader picture [11]. Zooplankton occurrence often responds quick to the 

environmental changes because of the short generation time (usually days to weeks) of most of the species. Spatial 

zooplankton distribution in relation to variation in various physical factors has been studied by [12] and [13]. 

And present study has been taken under consideration for the investigation of prevailing abiotic and biotic 

conditions in aquatic habitats on monthly basis and the work is aimed to assess the physico-chemical characteristics 

including the zooplankton population of the pond water to measure the present pollution status and nutrient loads of 

three neglected ponds located in Dhanbad, Jharkhand. The data thus obtained from the study would help in 

understanding the existing condition of the pond water and would also be helpful in establishing their conservation 

strategies along with in parallel their probable utilization to fulfill some of the productive and beneficial purposes 

especially for pisciculture. 

 

2. MATERIALS AND METHODS: 

2.1. STUDY AREA: 

Dhanbad is a district in the state of Jharkhand that is well known as the ‘Coal Capital’ of India. It is located in 

the coordinates of 23.7998°N and 86.4305°E on an average elevation of 232 m above the sea level.  

 
 

 

   
 

 

Figure 1. Map showing location of the study area. [A] Location of state Jharkhand in the map of India. [B] 

Location of district Dhanbad in the map of Jharkhand. [C] Location of block Balliapur in the map of Dhanbad. [D] 

Location of block Govindpur in the map of Dhanbad. [E] Broader picture of Dhanbad boundary showing locations of 

different study areas. [F]/[G]/[H] Locations of different study sites (the ponds) with their boundaries and their 

respective surface pictures that were taken from one of the sampling locations. 

[E] 
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The study was undertaken at three different ponds which are abandoned since long back and are not being 

used for any useful purpose. These ponds are located in two blocks of Dhanbad, viz., Balliapur Block and Govindpur 

Block (Figure 1) and the location map has been drawn using a GIS software, the QGIS 3.16.5 'Hannover'. These are 

the non coal-mining zone of Dhanbad where at present no coal mining is practiced and out of the three derelict ponds 

which have been considered to carry out the work, two of them are located in the Balliapur Block and another one is 

located in the Govindpur Block. 

All of the ponds with their respective global location are mentioned in the Table 1. 

The Rejali Pond, locally known as Saheb bandh or Rajni Bandh, is perennial fresh water, sewage fed pond situated 

adjacent to the Govindpur-Balliapur Road line and is conveniently being denoted as S1. The pond receives dumps 

from the local market including the sewage waste arising from local residential area. The main sources of 

replenishment are sewage effluent from locally spread market area through drains and surface run-off from the 

surrounding areas. The shoreline of Rejali Pond is completely irregular and the pond surface is having a rich growth of 

the macrophyte as Eicchornia crassipes (water hyacinth) covering about 85 % of the surface followed by another 

macrophyte as Typha latifolia (cattail). 

Another pond considered to carry out the study is the Kichinn (S2) Pond being locally called as Kichinn bandh 

presenting a non-uniform somewhat crescent shape. During the period of study, pond surface remained mainly 

covered with E. crassipes, T. latifolia, and Lemna minor (duckweed). 

The third study site, the Bhokta Pond is also irregular in shape and in this paper it is marked as the S3. Discharge of 

sewage water, use of soap and detergents arising from bathing and washing of clothes, dumping of solid waste by the 

locals are the common anthropogenic disturbances that were recorded at sampling site the S3. Surface of the pond 

remained occupied by water mat as Hydrilla verticillata (hydrilla) along with other algal blooms like Spirogyra (water 

silk), Volvox (green alga), and the duckweed L. minor. 

 

Table 1: Geographical description of three neglected ponds chosen for the study. 

Sl. 

No. 

Name of 

Ponds 

Denoted 

as 

Geographical Location 

(Latitude/Longitude) 

Sampling Replicates Location Approximate 

Surface Area 

(in ha) 

1 Rejali S1 23°49'45.45"N / 

86°31'15.00"E 

23°49'46.15"N / 86°31'16.66"E 

23°49'46.18"N / 86°31'13.55"E 

23°49'42.17"N / 86°31'13.86"E 

̴ 2 

2 Kichinn S2 23°45'39.15"N / 

86°30'29.62"E 

23°45'32.83"N / 86°30'31.78"E 

23°45'36.78"N / 86°30'25.01"E 

23°45'42.21"N / 86°30'29.62"E 

̴ 6 

3 Bhokta S3 23°44'43.14"N / 

86°31'10.92"E 

23°44'45.10"N / 86°31'07.60"E 

23°44'40.07"N / 86°31'10.14"E 

23°44'44.73"N / 86°31'12.72"E 

̴ 3 

 

3. SAMPLE COLLECTION AND ANALYSIS: 

Multiple water samples from the surface were collected from the aforementioned neglected water bodies for 

the determination and analysis of different physico-chemical parameters. Monthly sampling was undertaken between 

09:00 to 11:00 a.m. for a duration of 12 months viz. from February 2019 to January 2020 and the period was divided 

in seasons as Pre-monsoon (from February to May), Monsoon (from June to September), and Post-monsoon (from 

October to January). A total of three sample replicates were obtained for each parameter for integrating and recording 

the final results. All the standard methods [14] were used for the sampling, preserving, transporting, and analysis of 

water samples. 

Water temperature and air temperature were measured in-situ using the centigrade thermometer graduated to 

100 0C. Electrical conductivity, pH, and Total Dissolved Solids (TDS) were determined using Water and Soil Analysis 

Kit (Labtronics, model LT -62) at the sampling site. Transparency of water column or the Sechhi Disc depth was 

measured using a device with black and white enamel coated quadrate area called the Secchi Disc having a diameter 

of 20 cm. Dissolved oxygen (DO), free Carbon dioxide (free CO2), Total Suspended Solids (TSS), total alkalinity, 

Biochemical Oxygen Demand (BOD), Chemical Oxygen Demand (COD), Calcium, Magnesium, hardness, nitrate, 

phosphate, chloride, Sodium and Potassium were analysed by using standard methods [14]. 

For zooplankton analysis, sample collection was carried out by filtering hundred liters of water through 

plankton net of mesh size 25μm and the collected samples were allowed for preservation in 50 ml of 5% formalin 

solution for analysis. Preserved and homogenized samples were then subjected to the laboratory observations using a 

research microscope (Magnus MLXi- Plus LED Binocular) connected with camera; with various magnifications as 
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10×, 20×, 40×, and 100×. Plankton count was done by applying the Sedgwick-rafter cell method and results were 

expressed in unit/units per litre (U/L). Zooplankton identification was carried out according to the keys given in [14-

18]. 

 

4. RESULTS AND DISCUSSION: 

The water quality of a natural pond is generally governed by various physico-chemical and biological 

parameters. The importance of physico-chemical parameters for assessing the quality of water is well established [19-

20]. The variation in physico-chemical parameters of the studied pond water of S1, S2, and S3, are presented in Table 1 

and correlation coefficients among physico-chemical characteristics including the zooplankter are mentioned in Table 

2. Electrical Conductivity (EC) provides the measurement of the ability of a solution as to how much of the electric 

current is it allowing to pass through it. EC is influenced by factors like temperature, ionic concentration and their 

mobility. [21] have found the EC to be a good indicator of the water quality. Concentration of the dissolved solids has 

been found to be proportional to the ionic strength and it was stated that an increase in EC might also be a result of the 

leachate infiltration from the surrounding content of the soil in the natural aquatic environment [22]. Some other 

sources of EC may include abundance in the dissolved salts in the medium (pond water) from rain water and its 

runoff, also from nearby poor irrigation management system, dissolved minerals and other discharges. During present 

study maximum EC was recorded in S1 while the minimum EC was reported in S2. Transparency ranged between 15-

19.5 cm in S1, 15-21.5 cm in S2, and 14-19.1 cm in S3 and the highest reading range was recorded during monsoon 

season which might be as a result of dilution effects of rain while the lowest reading was recorded during post-

monsoon which might be attributed to the occurrence of favourable conditions for production of plankton. 

Transparency of water is affected by the turbidity, plankton growth, cloudiness, rainfall, including position and 

visibility of the Sun in the sky. 

Water temperature variations have been found in accordance with the air temperature and the trend is 

presented in Figure 2. Temperature of water was recorded to be the highest during the month of June and being the 

lowest during February. Increasing water temperature is responsible for increase in the chemical and biological 

reactions in water body resulting in the reduction of the solubility of gases [22]. During present study period, no 

significant difference was reported in the water temperature of the water from the studied ponds, viz. S1, S2, and S3 

that might have occurred due to the existence of the ponds in almost the same climatic conditions. 

Determination of the water quality standards can also be established by the estimation of Total Dissolved Solids 

(TDS), and it accounts for many types of solids in dissolved form present in the water which may be of organic or 

inorganic in origin [23]. During the present period of study, the value of TDS was recorded in the order as S1> S2> S3 

and in all of the three ponds, TDS was maximum during post-monsoon and minimum during pre-monsoon. 

Total Suspended Solids (TSS) are those solids that are found to be present in the water and could be entrapped 

by the help of a filter. The TSS may include materials like silt, sewage, dead and decaying matters of plant or animal 

origin, and industrial wastes. High values of TSS may pose many problems to the health and life of an aquatic system. 

Annual average TSS in case of S1, S2, and S3 were recorded as 126.75mg/L, 98.83mg/L, and 103.83 mg/L, 

respectively. 
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Figure 2. Monthly and seasonal temperature values showing the temperature trend reported at three study sites (S1 S2 

& S3) from February 2019 to January 2020. 

 

Capacity of water which helps it to neutralize a strong acid has been termed as the Total Alkalinity (TA) [24]. 

Alkalinity increased due to increase in the concentration of nutrient loads in the water during dry months [25], but the 

alkalinity became decreased in the monsoon season that might have caused due to dilution from rainwater [26]. 

Maximum TA was reported in S1 while minimum in S2, however, the annual mean difference in the total alkalinity of 

these two pond water were not found to be significantly different. 

Furthermore, free carbon dioxide is considered as one of the major factors in the aquatic habitat and is the principal 

source of carbon path way in the environment. Carbon dioxide concentration in water bodies is contributed and to 

some extent maintained by the respiratory activity of animals. It is a product from various other living aquatic 

organisms and is utilized by the phytoplankton and macrophytes for photosynthesis during daytime. As an acidic gas 

the free carbon becomes more harmful to the aquatic life when the dissolved oxygen concentration is less. Carbon 

dioxide content was recorded to be the highest in water sample from S1 while its reading was recorded to be as low as 

0mg/L in case of S2 and S3. 

Table 2: Values (based on monthly variations) of physico-chemical attributes at three abandoned study sites (S1, S2, 

S3) from February 2019 to January 2020. 

 

 

Sl. 

No. 

Parameters 
S1 S2 S3 

 

Desirable limits for 

freshwater fish 

culture 

Range 

Annual 

Mean S.D. Range 

Annual 

Mean S.D. Range 

Annual 

Mean S.D. 

1 Electrical 

Conductivity 

(µS/cm) 

1401-

1736 1606.41 108.19 

1001-

1458 1258.83 146.14 

1076-

1497 1311.16 128.60 

50-1500 [32] 

2 Transparency 

(cm) 

15-

19.5 17.03 1.69 

15-

21.5 18.75 2.16 

14-

19.1 17.40 1.56 

 

3 

TDS (mg/L) 

970-

1250 1103.25 87.57 

725-

1150 908.45 127.72 

798-

1071 920.91 101.14 

<500 [33] 
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4 

TSS (mg/L) 

105-

152 126.75 13.83 

65-

115 98.83 13.34 

88-

119 103.83 11.32 

 

5 Total 

Alkalinity 

(mg/L) 

260-

726 429 146.35 

250-

652 428.83 137.91 

290-

750 503.08 143.86 

50-30 [33] 

6 Free CO2 

(mg/L) 

3.1-

7.6 5.7 1.38 0-6.9 3.00 2.27 0-6.2 3.77 2.10 

5-8 [34] 

7 

DO (mg/L) 

1.5-

8.6 4.60 1.88 

1.9-

8.7 5.30 1.90 

1.6-

7.8 4.45 2.00 

5-15 [33]  

8 

BOD (mg/L) 4.6-8 6.25 1.29 2.5-6 3.69 1.07 

1.7-

7.2 5.13 1.88 

>10 [33] 

9 COD 

(mg/L) 36-76 56.58 15.64 26-68 41.25 17.30 15-68 48.16 19.26 

 

10 Hardness 

(mg/L) 

215-

300 255.58 25.69 

205-

367 267.75 41.81 

220-

360 287.25 46.58 

>15 [35] 

11 

pH 

5.9-

7.1 6.58 0.30 

7.3-

8.8 8.32 0.52 

7.2-

8.1 7.55 0.23 

7-9 [33] 

 

An optimum level of dissolved oxygen (DO) concentration is essential to maintain the biological life in water 

and in order to allow the water system to perform the self-cleaning activity thus making the water bodies healthy. Any 

chemical and biochemical processes that undergo in a water body largely depend upon the presence of oxygen. On an 

annual average basis, the ponds in study area showed low DO and S3 was observed to have the lowest DO 

concentration (4.45mg/L). High value of dissolved oxygen concentration was recorded in the post-monsoon season at 

all the study sites that might be because of the decrease in the temperature. Factors affecting oxygen amount dissolved 

in a reservoir are the water temperature, salinity, water inflow and photosynthesis by plants and algae [27-28]. The 

determination of Biochemical Oxygen Demand (BOD) is done to find out the amount or concentration of oxygen 

consumed by the aerobic microorganisms in order to carry out the decomposition of the organic and certain inorganic 

matter present in some wastewater, polluted water, etc. It is helpful in the assessment of organic pollution load [29]. 

BOD level was found in order of S3 (1.7mg/L) < S2 (2.5mg/L) < S1 (4.6mg/L), and on the basis of the observed results 

it can be suggested that the pond water from S2 and S3 may be used for some domestic purposes but not water from the 

pond S1. 

Chemical Oxygen Demand (COD) is the measurement of oxygen consumption for chemical oxidation of the 

organic matter. COD values can be attributed to the quantity of  dissolved oxidisable organic matter and non-

biodegradable substance present in it. In the present period of work value of measured COD ranged from 36-76mg/L 

in S1, 26-68mg/L in S2, and 15-68mg/L in S3. The hardness of water not being a pollution parameter but it indicates 

the quality of water. Hardness in water is the property that allows it to form precipitate with the soap and scales after 

reaction with certain ions present in water. Waters is generally categorized according to the extent of hardness as: 0–

75mg/L = soft, 75–150mg/L= moderately hard, 150-300mg/L= hard, above 300mg/L= very hard. During present 

investigation, the hardness of water varied from 215-300mg/L, 205-367mg/L, and 220-360mg/L in S1, S2, and S3 

respectively. pH is the parameter in study of a solution that helps to find out the acid–base balance. Corroding ability 

of water can be determined by the help of estimation of pH. Lower the value of pH, higher would be the corrosiveness 

of water. pH of water affects solubility of various nutritive and toxic chemicals and so the presence of these 

substances in an aquatic system affects the organisms living within. Higher pH values indicate that the carbon dioxide 

was more affected due to changes in the physico-chemical conditions [30]. The pH value ranging between 6.0-8.5 has 

been discovered to show the medium level of productivity character of a reservoir [31]. Since an annual average value 

of pH has been measured as 6.58 for S1, 8.32 in S2, and 7.55 in case of S3, the studied ponds’ water seem to be of 

medium productive in nature. 

 

5. DISSOLVED IONS: 

Annual mean concentrations of the studied major cations (Sodium, Calcium, Magnesium, and Potassium) and 

nutrient salts (Phosphate, Nitrate, and Chloride) are given in Figure 3. Sodium is often reported as the major elemental 

constituent of the salt in water and in general, relatively low Sodium ion level is considered more acceptable. In the 

studies ponds, Sodium ion concentration was significantly different among the three ponds and its concentration was 

relatively higher in all the three ponds. Sodium and the Potassium are also two important minerals that are abundantly 

found in water bodies. Potassium ion is an indispensable plant nutrient that plays various important roles in plants 
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such as protein synthesis, ion absorption & transport, photosynthesis and respiration [36]. Potassium from the pond 

water was also studied and significant variations in its values were observed among the three ponds. The values of 

Potassium ion were recorded in the range as 273-625mg/L in S1, 205-570mg/L in S2, and 110-527mg/L in S3. 

Hardness in water is mainly due to the existence of Calcium and Magnesium ions in it. Calcium ion is also a 

vital nutrient for the aquatic organisms, and is usually present in greater abundance in almost all the natural water 

bodies [37]. During present study, the Calcium ion concentration varied from 52-99mg/L in S1, 43-100mg/L in S2, and 

39-80mg/L in S3 that is quite high. Higher Calcium ion levels might have occurred to the leaching activities. The 

concentration range of Magnesium in the studied ponds has been recorded between 10-35mg/L, 10-31mg/L, and 5-

25mg/L in S1, S2, and S3 respectively. Magnesium ion is often related with Calcium ion in all type of water but its 

amount generally remains lower than that of the calcium [38].  

 
Figure 3. Major ions and their annual mean concentrations at different study sites 

 

Phosphate plays a role as one of the major macronutrients which is responsible for the biological productivity 

and thus the eutrophication of the water body. The annual mean concentration of phosphate was more in S1 (0.69 

mg/L) followed by S3 (0.49 mg/L) and S2 (0.41 mg/L) and this relatively lower values might have occurred as a result 

of utilization by the aquatic vegetation. Comparatively higher concentrations of phosphates in S1 might be because of 

maximum sewage water effluent that also resulted in a low dissolved oxygen event. During the period under study 

higher values of phosphate were observed in the post-monsoon season which may be attributed to an elevation in the 

anthropogenic activities around the pond after post-monsoon season is over which includes the agricultural fertilizers 

from surrounding catchment areas that enrich the Phosphate in the ponds as a result of surface runoff. Low values of 

Phosphate during the pre-monsoon months may have resulted due to uptake of phosphate readily by the macrophytes 

for their luxuriant growth. An annual average concentration of nitrates from the studied ponds was recorded as S1< 

S2< S3 which might be ascribed to the maximum human activities at S3. Higher level of the nitrate ion showed effects 

of comparatively higher anthropogenic activities including agricultural runoffs [39]. And seasonally, the maximum 

concentration of nitrate concentration was observed during the post-monsoon.  

Chloride anion is quite often present in natural waters. In natural freshwater, high Chloride ion concentration 

is considered as a pollution indicator [40]. Chloride ion concentration is usually higher in the organic wastes and 

consequently its high concentration in natural water presents a clear picture of pollution from the domestic sewage. 

The content of chloride in water samples of S1 varied from 14-65mg/L, S2 ranged from 12-50mg/L, and S3 showed a 

variation of 9-52mg/L. Thus, the overall trend resulting from the study of different physico-chemical parameters in the 

ponds revealed that the sampling site S1 is the most degraded in terms of water quality while, the better water quality 

persists at S2 and S3. In terms of management to utilization of the ponds for some prolific purposes, maximum 

management is required for S1, less for S2, and the least for the water in S3. 

 

6. ZOOPLANKTON COMMUNITY: 

Plankter are quite sensitive to change as their species replacement takes place with altering of the prevailing 

conditions in the aquatic ecosystem and they exhibit present status of different ecological and biological 

characteristics of the aquatic environment. Zooplankton community has been implied as indicator of pollution and 

nutrient status of a water body [41-42]. The abundance and occurrence of each genus of zooplankton varied in each 

pond (Table 3). A total of Thirty species of zooplankter were recorded in the studied ponds being represented by five 

groups, Cladocera (4 species), Copepoda (4 species), Rotifera (15 species), Ostracoda (2 species), and Protozoa (5 

species) from the three ponds. Maximum number of zooplankter was recorded in S3 (3032 U/L) and the minimum was 

recorded in S2 (2476 U/L). The present study revealed that the zooplankton abundance displayed similar trend of 
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distribution seasonally between different study sites while their composition was different at all of the three sites. 

Highest number of zooplankter was recorded during the post-monsoon months (December-January) as also mentioned 

by [43] that winter months provide the most favourable conditions for the growth and flourishment of zooplankton 

species. Furthermore, maximum zooplankton number was recorded during the winter season in the study conducted by 

[44]. [45] also recorded the maximum number of Rotifers and Cladoceran species during winter. The zooplankter 

number started declining from March onwards and attains exhaustive ebb during June (Figure 4). And gradually 

zooplankter showed an increment in the number from August attaining a peak in January (post-monsoon season) 

which confirms the results of [46] and [47] where zooplankter peak was reported during the month of winter season 

(January). The zooplankter abundance gradually increased with an increase in the rain and nutrient like organic 

manure level, as also observed by [48]. This result, however, is in contrast to the findings of [49] where zooplankter 

maxima occurred during the dry season. 

During this complete study period the percentage share of the total zooplankter population was observed as 

Cladocera (21.60%), Copepoda (20.41%), Rotifera (42.09%), Ostracoda (10.53%), and Protozoa (5.36%). Rotifera 

group members were found as the most abundant and frequently occurring genera in all the three studied ponds, 

however, their percentage varied among them (S1= 61.45% of total zooplankton) and not much specific difference in 

the percentage of abundance was recorded from S2 and S3 (34.32%, and 32.25%, respectively). The second most 

abundant group members belonged to Cladocera (15.56%) in S1 and their highest percentage of species occurred in S3 

(24.93%) during present study period. Copepoda were more abundant in S3 (23.71%) than in S1 (13.42%) and S2 

(23.50%). The highest abundance of Ostracods was recorded in S3 (13.32%, 404 U/L) while being the lowest in S1 

(5.25%, 133 U/L). Protozoa were reported as the lowest abundant group, out of total zooplankter and their highest 

percentage and number were found in S2 as 5.93% or 147 U/L and the lowest in S1 as 4.30% or 109 U/L; during the 

investigation period. 
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Figure 4. Distribution of various zooplankton groups during different months and seasons at three study sites from 

February 2019 to January 2020. 

Only 15.56%of Cladocera constituted the total zooplankton population in S1 while it registered comparatively 

higher in composition as 23.70% and 24.93% of total zooplankton in S2 and S3, respectively. This group was 

represented by common species like Daphnia sp., Moina sp., Ceriodaphnia sp., and Bosmina sp. and these species 

presence has been reported in eutrophic lakes [50-51]. Out of these four reported Cladoceran species only the presence 

of Daphnia sp. was recorded throughout the study and during all the seasons. However, the highest number of 

Daphnia sp. was found in S3 which might be ascribed to receiving of organic substances by the pond from 

surrounding areas. Presence of Daphnia sp. in the pre-monsoon season during low levels of dissolved oxygen 

accompanied by high temperature values indicates that this species can thrive well under stress and is an indicator of 

increasing organic matter in the water body as also reported by [52]. Group of Copepoda was represented by a total of 

four species as Cyclops sp., Diaptomus sp., Mesocyclops sp., and Nauplius sp. over the period of investigation. 

Copepoda was recorded to be the lowest (340 U/L) in S1 while the highest and almost the double of S1 Copepods were 

recorded in S3 (719 U/L). Cyclops has been the only genus reported to be existing all through the seasons in S1, S2, and 

S3. Comparatively low Copepoda number in S1than S2 and  S3 is an indicator of pollution in it because [11] mentioned 

Copepoda as the most dominant group found in Lake Nasser, Egypt with good environmental conditions. 

 

Table 3: Occurrence of zooplankton species in S1, S2, and S3 during the study (+ = present / - = absent). 
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Cladocera                                     

Daphnia 

sp. 

+ + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + 

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

Bosmina 

sp. 

+ + + + + + + + + - + + - + + - - + + + + + + + + + + + + + + + + + + + 

Ceriodaph
nia sp. 

+ + + + + + + - - - - - - - - - + + + + + + + + + + + + + + + + + + + + 

Copepoda                                     

Cyclops 

sp. 

+ + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + 

Diaptomus 
sp. 

+ + + - + + - + + - - + - - - - + + + + + + + + + + + + + + + + + + + + 

Mesocyclo

ps sp. 

+ + + + + + + + + + + + - + + + + + + + + + + + + + + + + + + + + + + + 

Nauplius 
sp. 

+ + + + + + + + + + + + - - + - + + + + + + + + + + + + + + + + + + + + 

Rotifera                                     

Brachionu

s bidentata 

+ + + + + + + + + - + + - - + + + + + + + + + + + + + + + + + + + + + + 

B. 
plicatilis 

+ + + + + + + + + + + - + - - + + - + + + + + + + + + + + + + + + + + + 

B. 

calycifloru
s 

+ + + + + + + - - - - - - - - + + - + + - + + + + + + + + + + + + + + + 
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Rotifera showed the highest number of species viz. 15 species among the total zooplankter during study and 

the maximum number of Rotifers (1556 U/L) were recorded in S1 while the minimum value was found in S3 (978 

U/L). The highest annual seasonal abundance of rotifer was recorded during the post-monsoon and a general lower 

abundance was recorded during monsoon and low in the pre-monsoon season. Among Rotifers, species that were 

identified include Brachionus bidentata, B. plicatilis, B. calyciflorus, B. quadridentatus, B. angularis, B. tridentatus, 

Keratella sp., Asplanchna sp., Filinia sp., Rotararia sp., Monostyla sp., Tetramastix sp., Platiyas sp., Hexarthra sp., 

and Colurella sp. Rotifers percentage composition at different study sites ranged from 32.25% to 64.15%. The trend of 

Rotifer species abundance obtained from present work showed that the pond (S1) is the most eutrophic in nature than 

the ponds S2 and S3. Rotifera species are regarded as the bioindicators of pollution in the body of water [53]. Also 

many Rotifera species have been identified as the good bioindicators of present trophic state of an aquatic 

environment. Presence of Brachionus species with high density and number is an indication of eutrophication in water 

body as this particular genus is a pollution tolerant organism [54-55]. 

Ostracoda occurrence was also recorded during all the three seasons that may be on account of pollution of 

water [56]. Only two species from the group of Ostracoda were identified during the study which included Cypris sp., 

and Cypridopsis sp. Ostracoda abundance from different study sites showed a variation within a range of 5.25% to 

13.32% of total identified zooplankton. Such low percentage of Ostracods during study period might have occurred 

due to less mixing of epibenthic forms from the sediment phase that remains rich in Ostracods. Members of freshwater 

Ostracoda are of special interest since they act as the biological indicators of environmental changes [57]. The lowest 

Ostracods were reported in S1 (133 U/L) which represents the organic pollution in the pond as studied by [58] that in 

organically polluted waters, Ostracods are usually scarce and sometimes can disappear. Protozoa holds the second 

position in terms of species (5 spceies) contribution after Rotifera during the present study. In spite of having more 

number of species its distribution was not recorded to be as much as other zooplankter. And species representing the 

group of Protozoa included Paramoecium sp., Arcella sp., Amoeba sp., Stylonchia sp., and Vorticella sp. Out of these 

five species the least reported species was the Vorticella sp. while Amoeba was the most reported Protozoan species. 

Although being low, S2 exhibited the highest share of Protozoa during study as 5.93% (147 U/L) while lowest was 

recorded in S1 as 4.30% (109 U/L) of the total zooplankter in the studied ponds and overall the distribution of 

Protozoa remained very low throughout at all the ponds. Many species of Protozoa principally inhabit freshwater and 

B. 
quadrident

atus 

+ + + + + + + + + + + + + + + + - - + + + + + + + + + + + + + + + + + + 

B. 
angularis 

+ + + + + + + + + + - + + - + + + - + + + + + + + + + + + + + + + + + + 

B. 

tridentatus 

+ + + + + + + + + + - - + - - + - + + - + + + + + + + + + + + + + + + + 

Keratella 
sp. 

+ + + + - + + - - - - - - - - + - - + + + + + + + + + + + + + + + + + + 

Asplanchn

a sp. 

+ + + + + - + + - + + - + - - + + - + + + + + + + + + + + + + + + + + + 

Filinia sp. + + + + + - + + - - - - - - - + - - + + + + + + + + + + + + + + + + + + 

Rotararia 
sp. 

+ + + + + + + + + + + - + + - + + + + + + + + + + + + + + + + + + + + + 

Monostyla 

sp. 

+ + + + + + + - - - - - - - - + - - + - + + + + + + + + + + + + + + + + 

Tetramasti

x sp. 

+ + + + + + + + + + - - + - - + - - + + + + + + + + + + + + + + + + + + 

Platiyas 

sp. 

+ + + + + + + + + + + - + + - + + + + + + + + + + + + + + + + + + + + + 

Hexarthra 
sp. 

+ + + + + + + - + + - + + - + + - - + + + + + + + + + + + + + + + + + + 

Colurella 

sp. 

+ + + + + + + + - + + + + + + + + - + + + + + + + + + + + + + + + + + + 

Ostracoda                                     

Cypris sp. + + + + + + + + + + + - - + - - - + + + + + + + + + + + + + + + + + + + 

Cypriodop

sis sp. 

+ + + + + + + + + + + - + + - + + + + + + + + + + + + + + + + + + + + + 

Protozoa                                     

Paramoeci

um sp. 

+ + + + - - + - - - - - - - - + + - + + - + + + + + + + + + + + + + + + 

Arcella sp. + + + + - - - - - - - - - - - - - - + - - + + + + + + + + + + + + + + + 

Amoeba 

sp. 

+ + + + + + + + - - - - - - - + - + + - + + + + + + + + + + + + + + + + 

Stylonchia 
sp. 

+ + - + - - - - - - - - - - - - - - + - - + - - + - + + + + + + + + + - 

Vorticella 

sp. 

- - - - - - - - - - - - - - - - - - - - - - - - + - - + + + + + + + + + 
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marine sediments but none of them are ever abundant [59]. And seasonally, the Protozoan least abundance occurred 

during pre-monsoon as also supported by [60] where Protozoan number were observed to be the least occurring in dry 

season. Low Protozoan density might be because of the presence of a lot of aquatic plants and water flow [61].  

 

7. CORRELATION COEFFICIENT: 

For the analysis of overall impacts of various physico-chemical parameters on the abundance of zooplankton, 

correlations were made among the total zooplankton population and the water quality parameters. For this, the 

calculations of Karl Pearson’s correlation coefficients were done and the results are presented in Table 4. The 

coefficient of correlation of various physico-chemical attributes and total zooplankton showed that there is correlation 

of varying degrees among them.  

 

Table 4: Statistical relevance (Karl Pearson’s Correlation coefficient) among physico-chemical parameters, and 

zooplankton reported at different study sites during the study period. 
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S3 

Abbreviations: EC: Electrical conductivity, Tr: Transparency, TW: Water temperature, TDS: Total dissolved solids, 

TSS: Total suspended solids, TA: Total alkalinity, FCO: Free carbon dioxide, DO: Dissolved oxygen, BOD: 

Biochemical oxygen demand, COD: Chemical oxygen demand, Har: Hardness, pH, Na: Sodium, Ca: Calcium, Mg: 

Magnesium, K: Potassium, PO: Phosphates, NO: Nitrates, Cl: Chlorides, Cla: Cladocera, Cop: Copepoda, Rot: 

Rotifera, Ost: Ostracoda, Pro: Protozoa, TAZ: Total abundance of zooplankton 

 

The strong negative correlation coefficient matrices were recorded between temperature of water and total 

zooplankton abundance in S1 (r = -0.9163), S2 (r = -0.8865), and S3 (r = -0.8974) which resemble the work of [60, 62]. 

Water transparency was observed to exhibit high negative correlation with the zooplankton abundance which is a good 

evidence of eutrophication in the ponds (S1, S2, and S3) that is altering the transparency of pond water and holds the 

potential to affect the zooplankton population dynamics. The abundance of zooplankton also showed an inverse 

relationship with pH at S1 (r = -0.3125) confirming the study of [63] and presenting a weak correlation, however, at S1 

and S3 a direct positive relationship was recorded (r = 0.0596 and r = 0.3540) which are poorly correlated. In the 

present study the free CO2 has been reported to be weakly negatively correlated at S1, S2, and S3 (r = -0.3959; r = -

0.0350; r = -0.3646). Zooplankton abundance showed a strong direct relationship with DO at S1 (r = 0.7548), and S3 (r 

= 0.8901), similar to the findings of [63-64] while contrasting result was recorded with S2 (r = -0.1094). As studied by 

[65] the disappearance of zooplankton took place in the Blue Nile due to increase in concentration of the suspended 

matter in it while [66] did not find decrement in the zooplankton with increased concentration of the suspended 

particles. Total alkalinity showed moderate negative relationship with zooplankton abundance at S1 (r = -0.6569), S2 (r 

= -0.7226), and S3 (r = -0.5537). Hardness has been found to have a weak positive correlation with zooplankton 

abundance at S1 (r = 0.0374), and S2 (r = 0.2381), as supported by the study of [67] while a negative correlation was 

reported from the S3 (r = -0.0579). Among the studied ponds electrical conductivity showed very weak positive 

correlation zooplankton population at S2 (r = 0.2760) while negative correlation at S1 (r = -0.1630) and S2 (r = -

0.1025) which can be explained as increase in electrical conductivity decreases concentration of the oxygen dissolved 

in the medium and thereby the zooplankton population [68]. Although weak but a positive correlation was recorded 

between TDS and zooplankton abundance in S2 (r = 0.4123) and in S3 (r = 0.3117) [9] while in the contrary negative 

correlation was reported in S1 (r = -0.0883). In S1 and S3 the BOD values were found to have weak negative 

correlation with zooplankton abundance (r = -0.3778; r = -0.4085) as also reported by [69] whereas in S2 BOD value 

showed a positive correlation (r = 0.2723) supporting the work of [68]. COD was recorded to possess a weak but 

considerable inverse correlation with zooplankton abundance in S1 (r = -0.2983), S2 (r = -0.2325), and moderate 

inverse correlation in S3 (r = -0.5445); this result is being supported by the work done by [69]. 

In the present study ions as calcium, potassium and chloride have shown negative correlation with the 

zooplankton population in the samples from water of all the ponds. These findings corroborate the study of [70]. [71] 

have also reported the inverse correlation of chloride ion with zooplankton population. Magnesium showed very weak 

negative correlation with zooplankton in S1 (r = -0.0554) but weak to moderate positive correlation in case of S3 (r = 

0.1869) and S1 (r = 0.3368). The zooplankton abundance markedly has been reported to show direct correlation with 

the phosphate ion at all the studied ponds as S1 (r = 0.5956), S2 (r = 0.6473), and S3 (r = 0.7194) that is moderate to 

high. Similar findings were made by [72-73] where phosphate displayed a positive correlation with zooplankton 
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population, however, contrary result also exists with work of Joseph and [74] where total zooplankton posed 

significant and negative correlation with phosphate ion. Sodium ion has shown a negative correlation with the 

zooplankton abundance in S1 (r = -0.4784), S2 (r = -0.2485), and S3 (r = -0.6195) and present a weak to moderate 

relationship which is not in confirmation with the study of [70] who mentioned the positive impact of sodium ion on 

zooplankton population. Nitrates showed very weak but positive correlation with total zooplankton at S3 (r = 0.0947) 

similar to the finding of [73] while negative correlation at S1 (r = -0.2912) and S2 (r = -0.1025).  

 

8. CONCLUSION / SUMMARY: 

Investigation of the surface water chemistry from the Rejali Pond (S1), the Kichinn Pond (S2), and the Bhokta 

Pond (S3) has given an understanding into the level of contamination in terms of physico-chemical attributes and 

zooplanktonic community structure. S1 or the Rejali Pond has been discovered to be the most polluted one that was 

mainly influenced by disturbances due to high TDS and ions like sodium, potassium, and phosphates with low DO 

concentration including the high growth of macrophytes (Eichhornia and Lemna) and rotifers (Brachionus and 

Keratella). However, the S2 and S3 were comparatively less polluted than S1; with higher zooplankton occurrence and 

diversity. Overall, this study has come up with a base line informational data on the prevailing biotic and abiotic 

conditions of the three forsaken ponds and the result obtained thus shows that these ponds can be managed for the fish 

culture practice and can be improved for plankton and fish survival. 

 

9. REMEDIES AND MEASURES: 

Awareness among local people to maintain the ponds at their optimum quality and purity levels by certain 

management practices like planting of trees around ponds, although onset of monsoon dilutes pond water pollutants, 

regular recharging during dry season, sediment removal from pond bottoms along with removal of floating debris 

from the surface of ponds, diversion of sewage effluents to some managed disposal sites including enforcement of law 

and policy may be very successful in utilization of the land assets as ponds.  
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