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INTRODUCTION

Life without water is impossible because it contains life in every possible form. Water is consumed in
greatest quantity throughout the world for drinking, bathing, washing, irrigation and also for aquaculture purpose.
Rivers, ponds, lakes and underground stores are the major sources of water. Functional parameters of an ecosystem
attributes to the ecological significance and resulting from the interactions between its physical, chemical and
biological components. These interactions result in the creation of a variety of niches which are inhabited by various
organisms thus providing a habitat for plants, animals and micro organisms in an ecosystem and thus determine the
tropic dynamics of the aquatic body.

The study of fresh water fauna specially Zooplankton even in a particular area is extensive and complicated
phenomenon due to environmental, physical, geographical, biological and chemical variations involving ecological
extrinsic and intrinsic factors. Distribution of Zooplankton and their variation at different zones of water body is
known to be influenced by physico-chemical parameters of water.

During the last several decades, the water quality of the Indian water bodies has been deteriorating due to
continuous discharge of industrial wastes and domestic sewage (Krishnan et. al., 2007). Freshwater ecosystems are
affected by physico-chemical elements both directly and indirectly in various ways. It is necessary to know the
physico-chemical properties of aquatic bodies to study the rearing practice of the fishes in them (Jhingran, 1991).
The ecological studies on south-eastern part of Bankura town of Bankura district of West Bengal (WB), India
(Figure 1) has been investigated to know the physico-chemical and biological parameters which includes diversity
and distribution of Zooplankton for a period of six month and the collected data are being discussed with an
emphasis on their significance and interrelationship among them. The physico-chemical parameters studied are
atmospheric temperature, water temperature, pH, alkalinity, total hardness, chloride ion, dissolved Oxygen, free
Carbon dioxide, Bi-carbonate, organic carbon of soil, organic soil, Phosphate-P, Ammonium-N, Nitrite-N
,Conductivity, TDS (Total Dissolved Solids) and the Zooplankton as biological parameter.
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Materials and Methods
Sampling Program and Procedure

The total study was carried out consecutively for six months from April to September, 2014 at six different
perennial ponds located at south eastern part of Bankura town (from Figure 3-8). The main goal of present study is
to investigate the physico-chemical and biological characteristics of these ponds. The water samples were collected
from these six ponds. From the Figure 2 collected from satellite map it is quite clear that the six sites (S-13, S-14, S-
15, S-16, S-17 and S-18) of water collection were divided into three parts along with duplicate pond sites in each
three parts. S-13 and S-14 are the two ponds of Police line, Bankura. The S-13 is college tank pond and the S-14
pond is Police tank. S-15 pond is used by the common people for daily purposes such as bathing, washing and
fishing; the names of S-15 and S-16 ponds are Shit Pukur and Chintar Pukur respectively and these two ponds S-15,
S-16 are situated at the Kundu Para of the township. The last two ponds namely S-17 known as Boro Pukur of
Pathak Para and S-18 known as Aparupa Pukur of Pathak Para have been taken under consideration. The main three
different water collecting sites are from south eastern part of Bankura, situated in the middle of thickly populated
part of Bankura town; which is inside of the township and the pathak para that is highly populated area of Bankura.

Collection of samples for measuring the Dissolved Oxygen (DO) was taken in between from 6 A.M. to 8
A.M. from the surface of the pond water. The hydrogen ion concentration (pH), DO, free Carbon dioxide (CO,),
Organic carbon content of soil, Ammonium-N concentration, Phosphate-P concentration, Nitrite-N concentration,
Alkalinity, Hardness, Conductivity, Total Dissolved Solids (TDS) and presence of Chloride ion were determined by
following standard methods (APHA, 2005). The values were compared with standard values of BIS [Bureau of
Indian Standards] (2003), Khanna and Bhutiani (2008). A Celsius thermometer (scale ranging from 0°C to 100°C)
was used to measure air and surface water temperature. Digital Electrode pH meter (Systronics, Model No. SYS—
335) was used for measuring the pH of sample water. The chemicals used for analysis of all the parameters were all
of analytical AR grade.

We collected the Zooplankton with a modified Heron Tranter net, a round metallic frame of 0.625 sg. m.
area. The filtering cone was made up of Nylon bolting silk plankton net (No. 25 mesh size 50 x) was used for
collection of Zooplankton. Collected samples were transferred to the labelled vials which contain 5% formalin.
Sedgwick Rafter Counter was used for Quantitative analysis and identification by taking 1 ml sample on counter.
The Plankton was observed & documented using Magnus Trinocular Microscope (Model-MLX TR) attached with
Nikon Coolpix Camera. Detailed taxonomic identification was earned out with Tonapi (1980), Needham and
Needham (1962), APHA (2005), Kodarkar (1992) and Hosmani (2008). Chemicals used were highest purity
available.

Results and Discussion

Figure 1: Map of study area
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The physico-chemical parameters of six different ponds of south eastern part of Bankura town from
September to October, 2014 are being summarized in Table—1. The values of different hydro biological parameters
are Mean £ S.E. where N=6. Some observable variations in hydro biological parameters were observed for all these
six ponds are located at Bankura.

Table-1: Summary of physico-chemical and biological parameters (Mean + S.E., N=6) of different pond water of
south eastern part of Bankura town during January to June, 2014.

13 S-14 s-15 516 s-17 518 BIS
standard

College Tank, Police Tgnk a Shit Pukur, Chintar Pukur, Boro Pukur, Aparupa

Near Bankura DIB Office
Place . Kundu Para, Kundu Para, Pathak Para, Pukur, Pathak

Christian Campus,

Bankura Bankura Bankura Para, Bankura

College Bankura
Latitude 23°14'14.1"N | 23°1403.6'N | 23°13'52.4"N | 23°13'54" N ,2\13014 I8 o3o1a150N | -
Longitude 87°0335.2"E 87°0326.5"E 87°04'06.8"E | 87°04049"E | 87°04208"E | 87°04'19.1"E | --
Shape Almost Almost Almost Almost Almost Almost _
of pond rectangular rectangular rectangular rectangular square rectangular
Air
Temp. €0) 34132 33.8+38 343+34 351429 345435 35.6+28 -
Water | 202+21 21.3%20 204+19 221423 23.0+2.1 202+19 -
Temp. ('C)
pH 7.45+ 053 7.89 %062 8.02+0.79 789%0.72 780070 | 7.73%0.62 65-85
DO (mg/L) 0.8 0.04 0.90 043 0.6+ 0.02 0.46  0.02 042+003 | 0.60=0.01 Upt0 6.0
(Fnrqe;ISOZ 12.66 +0.38 14.6 £0.23 34.6£0.29 33.2+0.19 470+1.00 | 57+3.02 -
Chloride 23.34 +0.49 18.0+0.21 48.0+0.09 30.0+0.36 400+093 | 44.2+0.15 Upto 250
ions (mg/L)
Alkalinity + " + + . +
(malL) 238 £6.21 58.6+ 3.95 10.9 £ 0.09 10.2+ 0.56 238.01+£56 | 2342£35 50 - 200
(Tn‘zg‘}'l_)hard”ess 114 + 459 150.6 £ 7.3 1286 5.6 1200 £5.6 18625+ 95 | 1743£6.9 Upto 300
?n;'gcfig’onate 7.3+0.03 8.2+0.05 10.9 £0.10 10.240.11 238+7.9 234+7.2 -
Organic Carbon | 575, 199 1.755+0.004 0.449+0.001 | 0.195£0.0002 | 0.039£0.002 | 0.019+0.001 | --
of Soil (in %)
8;9;3": Matter | 1 667+0.3 3.0120.2 0.771+0.04 | 0.335:0.3 0.067+0.003 | 0.032+0.004 | --
GP
(mg/oJLiDay) | 044005 0.40.05 12406 1.18+0.7 0.46£0.05 0.300.03 -
GPP
(mgCIMIHY) 15045.6 150+4.3 450471 442.5+6.8 86.25+3.8 243.75+4.1 -
NPP
(mg CIMYHr | 112540 375415 326.2545.5 375.0045.1 48.75+1.9 187.5¢4.2 -
CR
(mgCviHn | 37522 112.543.9 2475447 67.5+2.7 37.5£2.3 56.25+3.4 -
E’;Z?E;‘ate'P 15+1.1 20+1.4 775+12.6 500+10.7 14730441 | 170.92+43 | -
@n";?‘L‘;”'”m'N 0.000012 0.00002 0.000010 0.0000096 0.0000011 0.000014 -
[\r‘];g}tl_e)"\' 0.00018 0.00087 0.00029 0.00065 0.00021 0.00090 -
(Cucgcc"rf)“"”y 75046.9 69025.1 1200+8.3 1000+8.1 800+7.8 900£8.0 -
TDS (ppm) 502+7.8 462+6.9 804%8.1 670%5.3 536%4.7 603%5.8 Upto 500

Water temperature varies seasonally from 20.2 °C to 23.0°C. The air temperature ranges minimum from
33.8 to maximum to 35.6 °C (Table-1). Similar types of variation in water temperature were observed by Sen et. al.,
2011; Srivastava and Srivastava, 2011; Majumder and Dutta, 2014. There is an agreement with the opinion put
forward by Lewis (1987) who maintained that Lower and higher water temperatures might produce a large
difference in the primary productivity between temperate and tropical aquatic ecosystems and result observed by
Chattopadhyay and Banerjee (2008).

pH is a critical factor which determines many biological factors and various chemical factors. Aquatic
organisms are affected by pH because most of their metabolic activities are pH dependent as per reported by Wang
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et. al., 2002. The average pH values of the water of the study area (six ponds) during the three month period vary
from minimum 7.45 to maximum of 8.02 (Table-1). Result has been supported by the finding of Chaurasia and
Pandey (2007). The lowest pH value was found in S-13(College Tank). In the present investigation pH ranges
between 7.45-8.02 shows slightly acidic to slightly alkaline condition of the pond water. Mary (1989) reported that
pH of polluted water fluctuates in the range of 8 to 9. A common factor causing pH level to rise over 9.0 is intense
photosynthetic activity resulting from algal growth in enriched waters causing eutrophic condition (Garcia and Paez,
2007). The BIS (2003) limits the pH of drinking water between 6.5-8.5. pH of these is under acceptable range, with
proper treatment it can be used for fishing and drinking.

Dissolved Oxygen is very crucial factor, it plays critical role in sustaining fauna. Among all the ponds S-14
shows the highest level of dissolved oxygen. Air is in contact with water surface, diffusion of the gas plays the
major role maintaining the dissolved oxygen levels (Parikh and Mankodi, 2012). Moreover, photosynthetic activity
caused by the small photosynthetic organism or plant like algae adds a little amount of oxygen to the pond. With a
balance in the natural ecosystem, the pond which has aquatic plants will have slightly more DO in comparison to the
pond having scarce aquatic flora. Aquatic vegetation is a crucial factor in determining the productivity of pond
ecosystem. If this growth remains unchecked, it leads to formation of a mat of floating algae which eventually
covers the whole surface of the water body and create algal bloom. This does not allow the surface diffusion of
gases leading to depleted oxygen levels in the water causing death and decay of aquatic organisms in anoxic
condition. Thus the increased algal bloom the level of dissolved oxygen may decrease in the water body; reported by
Obenour et. al., 2014. DO level of S-17 pond found to be very low, reason behind this could be the heavy usage by
the local people and pollutant discharge. Amongst all DO level is high S-14(0.90mg/L) due to presence of high
phytoplankton population. Rotifers respire by their whole body since they do not have respiratory organs. But they
somehow tolerated the low DO condition of S-16, and showed the highest population amongst the ponds under
study. Paramoecium sp., Euglena sp., Chlamydomonas sp., Keratella cochlearis, B. urceolaris and Monostyla bulla
were found in water where good sunlight falls up to the depth. Likens and more algal bodies were observed in the
water reservoir where more numbers of hydrophytes were found. Similar observation found by Pattnaik B. Sai Ram
(2014). Strychnine a chemical produced when few aquatic plants are decomposed in anaerobic condition, which is
very harmful to the aquatic life such as fish, and any animal who consumes the water (Sharma, 2009).The
concentration of dissolved oxygen directly depends on the area exposed to the air and the inversely proportional to
the temperature of the water; phytoplankton and zooplankton population too affects the dissolved oxygen level.
Similar types of finding were proposed by Ahmad and Krishnamurthy, 1990; Singh and Singh, 1993.

Carbon dioxide dissolved in water plays a crucial role in maintaining the aquatic life. Sources of Carbon
dioxide are mainly respiration of aquatic organisms and mixing with the air on the surface. Due to its high solubility
it mixes with air very easily, and after that it can form carbonic acids and carbonate which alters the pH of the water.
In our study S-18 showed the highest value (57mg/L) and S-13 showed the lowest value (12.66mg/L). Reason
behind this could be S-18 pond showed very high population of daily users. But free CO2 levels rarely limit the
growth of phytoplankton (Cole, 1975).

The ability to neutralize the large amount of strong acids is defined by the alkalinity. CO, which dissolved
in water eventually forms carbonate and bicarbonate, removes hydrogen ions and thereby decreases the pH of the
water. In our study results showed very high fluctuations; in S-13 (238mg/L), S-17 (238.01mg/L) & S-18
(234.2mg/L) crossed the maximum limit defined by the BIS (maximum limit 200 mg/L). And the alkalinity levels of
S-15 (10.9 mg/L) & S-16 (10.2 mg/L), which is far beyond the lower limit ( lower limit 50mg/L) defined by BIS.
Only the range in S-14 (58.6mg/L) pond stays in the normal range. Deviations from range may be due to the heavy
usage by the local people for washing and cleaning purposes. Similar types of results were seen by the Harney et. al.
(2011), when detergent is added to the system alkalinity level increased.

Chloride in water is basically distributed as NaCl, KCI, CaCl, Main sources of chloride in water are
leeching from rocks, pollution, and animal sources. In our study the range is in between 18 — 48 mg/L; which is very
minimal. Lowest of them is S-14 (18.0 mg/L). Majumder and Dutta (2014) also found this range of chloride value at
Dwarakeshwar river of Bankura. The higher concentration of chloride is considered to be an indicator of higher
pollution due to higher organic waste of animal origin. Venkatesharaju et. al. (2010) noticed that higher level of
chloride in summer due to high temperature and low water level. The chloride content was at its peak in summer and
lowers down during winter season during the course of investigation. This one may be result of water dry up in
summer season and concentrate the Chloride ions. Beside this, the higher concentration of Chloride is considered to
be an indicator of higher pollution due to higher organic waste of animal origin, Mishra et.al.(2008). The chloride
content in the body regulates badly the process of osmoregulation. L. ovalis, Heliodiaptomous, Cypris, Heterocypris
and P. vulgaris were found in ponds having low chloride contents. Lecane luna could tolerate chloride content up to
25-60 mg/L. Hexarthra fennica, Cypris sp. and B. plicatilis had shown high chloride toleration capacity.
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Hardness of water is another important factor which decides many parameters, but it is not the indicator of
the pollution. Characterization of water according to the hardness of water is as follows: 0 — 75 mg/L = soft, 75 —
150 mg/L= moderately hard, 150 — 300 mg/L= hard, above 300 mg/L= very hard. In the present study, total
hardness level varied from 114 mg/l (S-13) to 186.25 mg/L (S-17). This may be due to the presence of high content
of Calcium and Magnesium ions in addition to Sulphate and Nitrate ions (Angadi et. al., 2005). Kaur and Sharma
(2001) reported that generally during summer maximum hardness is seen. Increase in hardness value can be
attributed to the decrease in water volume and increased rate of evaporation, as a result of high loading of organic
substances, detergents and other pollutants (Rajgopal et. al., 2010). Most of the ponds were sufficiently large and S-
16 showed lowest level of hardness, this was observed to be eutrophic too.

Organic carbon of soil is the amount of organic carbon hold by soil particles. Organic carbon (OC) enters
the soil through the decomposition of plant and animal residues, root exudates, living and dead microorganisms, and
soil biota; it cycles throughout the carbon cycle. It has a vital impact on flora and fauna; it also decides the water
holding capacity of the soil. At low organic carbon contents, the sensitivity of the water retaintion to changes in
organic matter content was highest in sandy soils. Increase in organic matter content led to increase of water
retaintion in sandy soils, and to a decrease in fine-textured soils. At high organic carbon values, all soils showed an
increase in water retaintion (W.J. Rawls, Y.A. Pachepsky, J.C. Ritchie, T.M. Sobecki, H. Bloodworth). Organic
carbon content varies between 0.5% to 2.5% in India (Roland Hiederer and Martin Kochy). In our study Organic
carbon content of soil varies between 0.019 % (S-18) to 1.755 % (S-14). Two ponds S-17 and S-18 showed lower
level, and S-14 showed very high level may be due to high eutrophication.

Organic matter constitutes 55% carbon content and it determines the water holding capacity. Organic
matter is highest in S-13(1.667%) but it is lowest in S-14(0.032%).

Ammonium-N is the most reactive form of N in aquatic systems. Because it is positively charged, it readily
adheres to soil and sediments. In addition to decomposition, ammonium levels can be increased by dissimilatory
reduction, a process of microbes converting nitrate to ammonium when oxygen is not present. The reverse process
also occurs—microbes can convert ammonium to nitrate through nitrification. Normal acceptable range found in
groundwater is 0.32mg/L to 0.71mg/L. In our study we found that the ammonium-N levels are very low. Amongst
them, S-14 has the highest value (0.00002mg/L) due excessive algal bloom.

The natural sources of Phosphate are the geological deposits which contain phosphorous in soluble as well
as insoluble form. These phosphate releases due to natural processes of weathering and erosion which ultimately
enters into the ecosystem and the aquatic plants utilizes them for growth and development. Urban ponds receive
excess of nutrients from house hold sewage, waste water from nearby shops and lorries, street runoff etc. (Goswami
& Mankodi, 2012). This ultimately results into Eutrophication of the pond and as this is caused by human activities
and not by natural processes,it is called “Cultural Eutroghication” (Welch & Lindell, 1980). Soluble reactive
phosphorus, typically in the form of orthophosphate (PO,™), can be a nutrient for aquatic plants, such as algae,
which can be either a health risk to aquatic life or an aesthetic nuisance to those living near or using the waterways.
In the case of blue-green algae, toxic by-products can be produced, which create health issues if a lake or reservoir
would be used as a source of drinking water. Levels above 0.1 mg/L PO4-P can stimulate plant growth above its
natural rate (Water Quality with Vernier, Phosphates,). In our study we found then that all of the ponds have
considerably higher range of phosphate but the maximum was found in S-15 (775mg/L) and minimum was found in
S-13(15mg/L). S-15 pond is located in very dense area and used more frequently by nearby people; S-13 was
considerably less used.

Nitrate and nitrite are naturally occurring ions that are part of the nitrogen cycle. The nitrate ion (NO3) is
the stable form of combined nitrogen for oxygenated systems. Although chemically nonreactive, it can be reduced
by microbial action. The nitrite ion (NO, ) contains nitrogen in a relatively unstable oxidation state. Chemical and
biological processes can further reduce nitrite to various compounds or oxidize it to nitrate (ICAIR Life Systems,
Inc., 1987). Nitrite can also form in groundwater and surface water due to pouring of the agricultural waste such as
excess fertilizers containing inorganic nitrogen compounds and it can also form due to oxidation of animal waste
(WHO/SDE/WSH/07.01/16/Rev/1 English only Nitrate and nitrite in drinking-water). Normal range of nitrite in
water is 1mg/L. In our study we found that all the ponds despite of being located in heavily populated area, contains
very low amount of nitrite in water. Concentration varied from 0.00018mg/L (S-13) to 0.00090 mg/L (S-18).

The primary productivity of a water body is the manipulation of its biological production. It forms the basis
of the ecosystem functioning, (Odum, 1971). Primary productivity at each level can be distinguished further into
gross primary production i.e the total amount of organic matters produced and net primary production or the amount
of organic matter produced of a particular level (Yeragi and Shaikh, 2003). Photosynthetic fixation of carbon in the
inland aquatic system occurs in various plant communities such as phytoplankton, periphytic algae, benthic algae,
and macrophytes. Production by the phytoplankton, the primary synthesis, is the most important phenomenon and
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reflects the nature and the degree of productivity in the aquatic ecosystem. The rate of photosynthesis was measured
by estimating oxygen (O,) in light and dark bottle
method of Gaarder and Gran (1927). Gross Productivity (GP), Gross Primary Productivity (GPP), Net Primary
Productivity (NPP) and Community Respiration (CR) were measured using the dissolved oxygen values of light and
dark bottle. S-15 pond under study showed highest value of GP, GPP, NPP and CR; at the same time S-17 showed
the least. High level of GPP in S-15 pond indicates the presence of the high population of phytoplankton (high
photosynthetic activity) and the CR in the same pond found to be high too, that indicates high population of
consumers. Community respiration is due to heterotrophic organisms. In S-16 although it S-18 pond it showed very
low level of GP and but it showed low level of CR, although it showed a very high population of Zooplanktons.
Conductivity is a measure of water’s ability to pass electrical flow. This ability is directly related to the
concentration of ions in the water. These conductive ions come from dissolved salts and inorganic materials such as
alkalis, chlorides, sulphides and carbonate compounds. Compounds that dissolve into ions are also known as
electrolytes.

1000 -
200 -
800 -
700 -
600 - B $-13 (College Tank)
3 g
~ H5-14 (Police Tank )
2 500 - e
Z, = 5-15 (Shit Pukur)
400 - B 5-16 (Chintar Pukur)
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200 -
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Cladocera Copepoda Rotifera  Ostracoda Larva & Worm
Protozoa

Figure 9: Graphical representation of some biological parameters of pond water of south eastern part of
Bankura town during April to September, 2014
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Figure 10: Zooplanktons and worms are frequently observed in the pond sites

Table-2: Abundance of Zooplankton of study sites

Counting in study site (as per Nos./L)
S | Genera S13 | s14 | si15 | s16 | S17 | S-18
Cladocera
1. Daphnia sp. 0 0 100 40 75 275
2. Bosmina sp. 0 - - - - 50
3. Moina sp. 0 0 25 - 25 100
4, Ceriodaphnia sp. 0 - - 10 - 25
Total 0 0 12546 5043 10045 | 450427
Copepoda
5. Cyclops sp. 250 112 42 50 40 625
6. Mesocyclops sp. 75 38 8 20 10 200
7. Diaptomus sp. 25 - - 5 - 25
Total 350+18 15048 50+3 7544 5043 850+43
Rotifera
8. Brachionus bidentata 52 42 25 75 25 25
9. Brachionus diversicornis 22 28 25 50 - -
10. Brachionus quadridentata 18 25 - - 25
11. Keratella tropica 8 - - - 25
12. Asplanchna sp. - 5 - - - -
Total 10045 10045 50+3 12546 5043 50+3
Ostracoda
13. Cypris sp. - 25 25 50 - 175
14, Stenocypris sp. - 25 25 25 - 75
Total 0 5043 5043 754 0 250+15
Larva And Protozoa
15. Nauplius larva 325 350 150 100 75 125
16. Zoea 75 50 - - 25 25
17. Paramoecium sp. 175 50 75 50 50 50
18. Euglena sp. 125 250 - 25 - 50
Total 700£35 | 700+35 | 225+12 17549 15048 | 250+15
19. | Worm - - 0 0 0 100+5
Grand Total 1150 1000 500 500 350 1950
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Table-3: Diversity index, richness and evenness in study sites

Study site Diversity Species Species
Index Richness Evenness
S-13 1.262 3.060 0.412
S-14 1.322 3.000 0.445
S-15 2.870 2.698 1.064
S-16 2.468 2.698 0.914
S-17 6.235 2.544 2.451
S-18 1.764 3.290 0.536

The more ions that are present, the higher the conductivity of water. The amount of mineral and salt
impurities in the water is called total dissolved solids (TDS). TDS is measured in parts per million (ppm). TDS tell
how many units of impurities there are for one million units of water. Studies of inland fresh waters indicate that
streams supporting good mixed fisheries have a range between 150 and 500 pS/cm. Conductivity outside this range
could indicate that the water is not suitable for certain species of fish or macro-invertebrates (5.9 Conductivity -
http://water.epa.gov/type/rsl/monitoring/vms59.cfm). The conversion factor depends on the chemical composition of
the TDS and can vary between 0.54-0.96. A value of 0.67 is commonly used as an approximation if the actual factor
is not known [(TDS) ppm = Conductivity uS/cm x 0.67]. In our study conductivity varied (S-13 to S-18) between
690-1200 pS/cm, which is under acceptable limit. Conductivity of the S-15 pond found to be very high (1200
uS/cm), this may due to heavy usage by local people for daily purposes. Lowest of them is the S-14 pond, this pond
is less used thus lower value. Total Dissolved Solid (TDS) values for the ponds (S-13 to S-18) exceeded the
maximum limit. Thus it indicates the water is not usable for drinking or other purposes. The TDS values ranges from
462 — 804 ppm. S-15 pond has the maximum TDS value (804ppm) and S-14 pond has the minimum TDS value
(462ppm).

Zooplanktons are organisms that have animal-like traits. The biggest are only five millimetres long and the
smallest are just one thousandth of this size. They float, drift or weakly swim in the water. In fact, the name plankton
comes from the Greek word ‘planktos’ which means ‘wanderer’ or ‘drifter’. In lentic system zooplanktons are
represented by taxonomic group of Rotifera, Cladocera, Copepoda and Ostracoda. Rotifera is the second most
abundant group of Zooplankton.

Ratifers are the most important soft-bodied metazoans (invertebrates) having a very short life cycle among
the plankton. The rotifera group is generally represented by 6 genera. The most dominant being Brachionus sp.,
represented by 3 species viz., B. diversicornis, Brachionus bidentata, and B. qudridentata. The others were,
Keratella tropica, Asplanchna sp. and Filinia sp. Lecane sp. Rotifers are the most responsive to the environmental
changes. They appear to be more sensitive indicators of changes in water quality (Gannon and Stemberger, 1978).
Presence of Brachionus sp. is the indication that the pond is organically polluted reported by Goel 1991. This is also
agreed by Ahmed et. al., 2012; Dutta and Patra, 2013. The species of B. calyciflorus considered to be a good
indicator of eutrophication, reported by Manickam et. al., 2012. Information on the acute toxicity tests of lead (Pb)
on Brachionus sp. is available in literature (Snell & Janssen, 1998). Studies carried out by Yi-Lomg Xi, Xiao-ping
and Zhao-Xia Chu (2006) had shown that DDT, Dicophol, Estradiol and other pesticides do had a direct impact on
growth, fecundity and survival of rotifers. Overall study indicates that the rotifer population is lower than expected
(Fig. 9). Dhanapathi (2000) found that they increase in large quantity rapidly under favourable environmental
conditions.

Cladocerans are a crucial group among zooplankton and form the most useful and nutritive group of
crustaceans for higher members of fishes in the food chain. Among Zooplankton, cladocera was the dominant group.
This group is represented by Daphnia sp., Moina sp., Ceriodaphnia sp. and Bosmina sp. This group feeds on smaller
zooplankton, bacterioplankton and algae; reported by Murugan (1998) and they are highly responsive against
pollutants, this group even reacts against the low concentration of contaminants. Cladocerans are important food
source for fry, fingerlings and adult of many economically important fish species. S-18 pond showed very high
population of the cladocera, where in S-13 & S-14 cladocera were absent.

Copepoda comprises of the third most abundant group of Zooplankton & this group is represented by
Cyclops sp., and Diaptomus sp, Mesocyclops sp. Copepods have the toughest exoskeleton and the longest and the
strongest appendages which help them to swim faster than any other zooplankton. Feeding habits differ in three
orders of copepods. Cyclopoid copepods are commonly carnivorous (live on other zooplankton and fish larvae)
though they also feed on algae, bacteria and detritus. The calanoid copepods are generally omnivorous (feed on
ciliates, rotifers, algae, bacteria and detritus) however their food intake is dependent on their age, sex, season and
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food availability. The third group harpacticoid copepods are primarily benthic. Thus, their physical structures and
versatile feeding habits ultimately assist them to hold up harsher environmental conditions as compared to cladocera
(Kalff, 2002). Again S-18 pond showed a very high population of Copepoda, followed by S-13 pond. Copepoda
domination may also be due to their feeding on diatoms, Rotifera and Cladocera, (Hutchinson, 1967) and high
reproduction capacity.

The Cladocerans and copepods are widely referred to as tolerant species, present in all kinds of waters
(Verma and Dalela, 1975) and in the present study cladocerans are maximum in S-18 and pond is polluted.
Cladocerans are also reported to be the indicators of eutrophic nature of water bodies (Sharma, 2001).

Ostracoda comprises of the least abundant group of Zooplankton and this group is represented by Cypris
sp., and Heterocypris sp. Ostracodans are mainly bottom dwellers of lakes and live on detritus and dead
phytoplanktons. These organisms are food of fish and benthic macroinvertebrates (Chakrapani et. al., 1996.) During
our study they show least abundance in number.

Larva and Protozoa showed very dense population in S-13 and S-14 pond, and moderately in S-15, S-16, S-
17, S-18.

Highest species diversity was observed in S-17, which is used for fishing purposes (Table-3). High
diversity of zooplankton in S-17 indicates the fact that this water body is least polluted and suggested for prevalence
of proper biogeochemical cycles. Therefore, it is considered to be a suitable one for natural fin-fish and shell-fish
(pisciculture) culture practices. Species Richness is high in S-18, that show maximum number species which
distributed upon favourable environment condition. According to Guy (1992) the study of Zooplankton is necessary
in fisheries; aquaculture and paleolimnological research as it provide food for fish in freshwater lakes and play a
major role in fish production. Rotifers are globally recognized as pollution indicator organisms in the aquatic
environment (Kamble and Meshram, 2005). According to Guy (1992), phytoplankton abundance fluctuates with
changes in environmental factors and grazing by Zooplankton. Zooplankton distribution is non homogenous. Some
are mainly found in the littoral waters while others are in selected limnetic waters.

Conclusion

Management of water body like pond essentially requires an understanding of physico-chemical and
biological conditions. The aquatic environment is an area controlled by the changes in factors such as light, heat,
humidity and contamination of various effluents in the water body. It can also be said the overall productivity of a
water body is directly regulated by physico-chemical as well as by biological parameters. From the above
investigation, it may be concluded that the values of different physico-chemical parameters at all the six sites during
the six months are in the range prescribed by BIS (2003). The most important finding of this work is having a
moderate number of Zooplankton diversity in the six studied water bodies of south eastern part of Bankura town. As
rotifers are suppose to act as bio-indicators for fish culture; so it can easily be said that besides being used by the
local residents the water of these ponds may easily be used for fishing purpose with a little management. The study
is quite useful in further investigation and in improvement of quality and quantity of the Zooplankton community.
Biodiversity is rightly considered as an index of sound health of habitat and strong base for better evolution.

Acknowledgement

Authors are thankful to the Principal, Bankura Sammilani College for providing space to do the laboratory
works and also thankful to the Eastern Regional Office (ERO) of University Grants Commission (UGC), New Delhi
for providing financial support to do this work [Grant No. F. PSW-005/13-14(ERO) ID No. WB1-009; S. No.
219564].

References
Ahmad, M.S. and. Krishnamurthy, R. (1990). Preliminary observation of the growth and food of muriel, Channa
marulius block of the river Kali in North India. J. Freshwater Biol. 2: 47-50.

Ahmad, U., Parveen, S., Mola, H.R., Kabir, H.A., Ganai, A.H. (2012). Zooplankton population in relation to
physicochemical parameters of Lal Diggi pond in Aligarh, India. J. Environ. Biol. 33: 1015-1019.

Angadi, S.B., Shiddamaltayya, N. and Patil, P.C. (2005). Limnological studies of Papnash pond, Bidar
(Karnataka). J. Env. Biol. 26: 213-216.

364



ISSN 2320-5407 International Journal of Advanced Research (2015), Volume 3, Issue 5, 354-368

APHA (2005). Standard methods for the examination of water & wastewater. 21 Edition, Eaton, A.D., Clesceri,
L.S., Rice, E.W., Greenberg, A.E., Franson, M.A.H., American Public Health Association, Washington DC.

Arthur, C.R. and Rigler, F.H. (1967). A possible source of error in the 14C method of measuring primary
productivity. Limnol. Oceanogr. 12: 121-124.

Bureau of Indian Standards. (2003). In: Indian Standard Drinking Water-Specification (First Revision), Edition
2.1 (1993-01), IS 10500: 1991, (c) BIS 2003, Manak Bhavan, 9, Bahadur Shah Zafar Marg, New Delhi, 110002.

Chakrapani, B.K., M.B. Krishna and T.S. Srinivasa, (1996). Quality of lake waters in and around Bangalore and
Maddur. Waterbirds and wetlands of Bangalore.

Chattopadhyay, C. and Banerjee, T.C. (2008). Water Temperature and Primary Production in the Euphotic Zone
of a Tropical Shallow Freshwater Lake. Asian J. Exp. Sci. 22(1): 103-108.

Chaurasia, M. and Pandey, G.C. (2007). Study of physico-chemical characteristics of some water ponds of
Ayodhya-Faizabad. JEP. 27(1): 1019-1023.

Cole, B.E.; Cloern, J.E. (1987). An empirical model for estimating phytoplankton productivity in estuaries. Mar.
Ecol. Prog. Ser. 36: 299-305.

Dhanapathi, M.V.S.S.S. (2000). Taxonomic notes on the rotifers from India (from 1889-2000). Indian Association
of Aquatic Biologists (IAAB), Hyderabad.

Dutta T.K. and Patra, B.C. (2013). Biodiversity and seasonal abundance of Zooplankton and its relation to physico
—chemical parameters of Jamunabundh, Bishnupur, India. Int. J. Sci. Res. Pub. 3(8): 1-7.

Gaareder, T. and Gran, H.H. (1927). Investigation on the production of plankton in the Oslo-Fjord.-Rapp. Cons.
Int. Explor. Mer. 42: 1-48.

Gannon, J.E. and Stemberger, R.S. (1978). Zooplankton especially crustaceans and rotifers as indicators of water
quality. Trans. Am. Micros. Soc. 97: 16-35.

Goel, P.K., Charan, V.R. (1991). Studies on the limnology of polluted fresh water tank. In: Aquatic Sciences in
India. Gopan, B and Asthana, V. (Editors). Ind. Ass. Lim. Oce. pp. 51-64.

Goswami A.P. and Mankodi P.C. (2012). Study on Zooplankton of Fresh Water Reservoir Nyari — Il Rajkot
district, Gujarat, India, ISCA J. Biological Sci. 1(1): 30-34.

Gracia G., Nandini, B., Sarma, S. and Paez, S. (2007). Combined effect of sediments and lead on Brachiounus,
Hydrobiologia. 393: 209-218.

Guy, D. (1992). In: The ecology of the fish pond ecosystem with special reference to Africa. Pergamon Press, 220-
230.

Harney N.V.; Dhamani, A.A. and Andrew, R.J. (2011). Seasonal variations in The Physico-chemical parameters
of Pindavani pond of Central India International Journal of Geology, Earth and Environmental Sciences ISSN:
2277-2081; pp-59.

Hiederer, R., and Kochy, M. EUR 25225 EN-2011 Global Soil Organic Carbon Estimates and the Harmonized
World Soil Database; European Commission, Joint Research Centre, Institute for Environment and Sustainability.
[http://eusoils.jrc.ec.europa.eu/ESDB_Archive/eusoils_docs/other/EUR25225.pdf]

Hosmani, P. (2008). Ecology of Euglenaceae from Dharwad, Karnataka, Indian Hydrobiology. 11(2): 303-312.

Hutchinson, G.E. (1967). Introduction to Lake Biology and Limnoplankton. In: A Treatise on Limnology, Vol. 2,
John Wiley and Sons Inc. New York.

365



ISSN 2320-5407 International Journal of Advanced Research (2015), Volume 3, Issue 5, 354-368

Jhingran, V.G. (1991). In: Fish and Fisheries of India, 3" Ed. Hindustan Publishing Corporation, Delhi, India, 727
pp.

Kalff, J. (2002). Limnology: Inland Water Ecosystems. 2" Edn., Prentice Hall Publications, New Jersey, USA. pp:
592.

Kamble, B.B. and Meshram, C.B. (2005). A preliminary study on Zooplankton diversity at Khatijapur tank, near
Achlapur, District Amravati, Maharastra. J. Aqua. Biol., 20(2): 45-47.

Kaur, H. and Sharma, 1. D. (2001). Hydrobiological studies on river Basantar, Samba, Jammu (Jammu and
Kashmir). J. Aqua. Biol. 16: 14-44.

Khanna, D.R. and Bhutiani, R. (2008). In: Laboratory Manual of Water and Wastewater Analysis (ISBN:
9788170355281), JBA Book Code: 133956.

Kodarkar, M.S. (1992). Methodology for Water Analysis, Physico-chemical, Biological and Micro-biological,
Indian Association of Aquatic Biologists (IAAB), Hyderabad Publ. 2-50.

Krishnan, R. R., Dharmaraj, K. and Kumari, B.D.R. (2007). A comparative study on the physicochemical and
bacterial analysis of drinking, bore well and sewage water in the three different places of Sivakasi. J. Environ. Biol.
28: 105-108.

Lewis, M.R. (1987). Phytoplankton and thermal structure in the tropical ocean, Ocannolgica Acta. SP: 91.

Majumder, S., Patra, A., Dutta, T. Acharyya, A. and Goswami, R. (2014). Physico-chemical parameter
influenced Zooplankton diversity in some ponds of south western part of Bankura town of WB, India; International
Journal of Advanced Res. 2(7): 1146-1157.

Majumder, S. and Dutta, T.K. (2014). Studies on seasonal variations in physico-chemical parameters in Bankura
segment of the Dwarakeshwar River (W.B.) India, Int. J. Adv. Res. 2(3): 877-881.

Manickam, N., Saravana, B.P., Santhanam, P., Chitrarasu, P. and Ali, A. (2012). Zooplankton diversity in a
perennial freshwater lake. Diversity and Physiological Processes: Ed. Desai PV, Roy R, Goa University. 25-37.

Mary, B.M. (1989). Environmental impact on bio-systems: proceedings of the 10" Annual Session of the Academy

of Environmental Biology & Symposium on ‘Impact of Environmental Pollution on Bio-systems’, December 13-17,
1989, (Chief Editor: R.C. Dalela) held at Loyola College, Madras-600034.

Mishra, M.K., Mishra, N. and Pandey, D.N. (2013). An Assessment of the physicochemical Characteristics of
Bhamka Pond, Hanumana, Rewa District, India; International Journal of Innovative Research in Science,
Engineering and Technology, Vol. 2, Issue 5

Murugan, N., Murugavel, P. and Kodarkar, M.S. (1998). Cladocera: The biology, classification, identification
and ecology. Indian Association of Aquatic Biologists (IAAB), Hyderabad.

Needham, J.G. and Needham, P.R. (1962). A guide to the study of fresh water biology. Fifth edition, Holden-Day,
Inc. Sanfrancisco, pp: 327.

Obenour, D., Gronewold, D., Stow, C. and Scavia, D. (2014). Lake Erie Harmful Algal Bloom (HAB);
Experimental Forecast: This product represents the first year of an experimental forecast relating bloom size to total
phosphorus load.
[http://www.glerl.noaa.gov/res/Centers/fHABS/lake_erie_hab/LakeErieBloomForecastRelease071514.pdf]

Odum, E. P.; Howard, T.O.; and Andrews, J. (1971). In: Fundamentals of Ecology. vol. 3. Philadelphia:
Saunders.

366



ISSN 2320-5407 International Journal of Advanced Research (2015), Volume 3, Issue 5, 354-368

Parikh, A.N. and Mankodi, P.C. (2012). Limnology of Sama Pond, Vadodara City, Gujarat, Res. J. Recent Sci.
1(1): 16-21.

Pattnaik, B.S.R. (2014). Zooplankton Community and Trophic Nature of Ponds, Int. J. Sci. Res. 3(4): 44-45.

Rajagopal, T., Thangamani, A., Sevarkodiyone, S.P., Sekar, M. and Archunan, G. (2010). Zooplankton
diversity and physic-chemical conditions in three perennial ponds of Virudhunagar district. Tamilnadu. J. of
Enviromental Biology, 31: 265-272.

Rao, T.R. and Sarma, S.S. (1988). Effect of food and temperature on the cost of reproduction in Brachionus
patulus (Rotifera). Proc. Indian Natn. Sci. Acad., B54(6): 435-438.

Rawls, W.J., Pachepsky, Y.A., Ritchie, J.C., Sobecki, T.M., Bloodworth, H. (2003). Effect of soil organic carbon
on soil water retention, Geoderma, 116: 61-76

Sen, S., Paul, M.K., and Borah, M. (2011). Study of some physic-chemical parameters of pond and river water
with reference to correlation Study. Int. J. Chem. Tech. Res. 3(4): 1802-1807.

Sharma, B.K., (2001). Biological monitoring of freshwaters with reference to role of freshwater Rotifera as
biomonitors. In: Water Quality Assesment Biomonitoring and Zooplanktonic Diversity (B.K.Sharma). Ministry of
Environment and Forests, Government of India, New Delhi, 83-97.

Sharma, P.D. (2009). In: Ecology and Environment, 10" Edition, Rastogi Publications, Meerut, India.

Shiddamallayya, N. and Pratima, M. (2008). Impact of domestic sewage on fresh water body. Journal of
Enviromental Biology, 29(3): 303-308.

Shiel, R.J. (1995). A Guide to Rotifers of the Laurentian Great Lakes. US Environmental Protection Agency
(available from the National Technical Publication Service, PB80-101280)
[http://www.mdfrc.org.au/bugguide/resources/3-1995-Shiel-Guide_to_Rotifera_Cladocera_Copepoda.pdf]

Singh, S.P. and Singh, B.K. (1993). Observation on hydrobiological feature of river, Sonet at Diyapiper Bridge in
Shahdo (MP). pp 135-138.

Snell, T.W. (1998). Chemical ecology of rotifers, Hydribiologia. 387/388: 267-276.

Srivastava, A. and Srivastava, S. (2011). Assessment of physic-chemical properties and Sewage pollution
indicator bacteria in surface water of river Gomti in U.P., Int. J. Env. Sci., 2(1): 325-336.

Thomas P.A., Abraham, T. and Abraham, K.G., (1980). Observation on the Primary productivity of
Sasthamkotta lake: Dn. Alexender, K.M. et. al. (Eds.) Proe. Symp. Environ. Biol. Trivandram: 1-7.

Tonapi, G.T. (1980). In: Freshwater animals of India, An ecological approach. Oxford and IBH Publishing
Company, New Delhi.

Venkatesharaju, K., Somashekar, R.K. and Prakash, K.L. (2010). Study of seasonal and special variation in
surface water quality of Cauvery river stretch in Karnataka. J. Eco. Nat. Env. 2(1): 001-009.

Verma, S.R. and Dalela, R.C. (1975). Studies on the pollution of Kali nandi by Industrial wastes near Mansurpur.
Part-2. Biological index of population and biological characteristic of the river, Acta. Hydrochem. Hydrobiol. 3:
256-274.

Wang, W.N., Wang, A.L., Chen, L., Liu, Y., Sun, R.Y. (2002). Effects of pH on survival, phosphorus
concentration, adenylate energy charge and Na(+)-K(+) ATPase activities of Penaeus chinensis Osbeck juveniles.
Aquat Toxicol. 60:75-83.

Welch, E.B. and Lindell, T. (1980). In: Ecological effects of wastewater, Cambridge University Press, pp. 337.

367



ISSN 2320-5407 International Journal of Advanced Research (2015), Volume 3, Issue 5, 354-368

Yi-Lomg Xi, Xiao-ping and Zhao-Xia Chu (2006). Effect of four organochlorine pesticides on the reproduction of
freshwater rotifer Brachionus calyciflorus pallas, Env. Tox. Chem. 26(8): 1695-1699.

368



