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Abstract 

Aquatic ecosystem is the one of the most productive ecosystems. Aquatic 
ecosystem provides human with numerous benefits in addition to direct use. 
Even the human civilization was centered on water . Industrialization coupled 
with intensive agriculture in early 1980's to meet the growing demand of ever 
increasing populations lead to the over exploitation of these valuable resources 
and has threatened the very existence of it. To conserve these valuable resources 
from further deterioration there is a need for regular monitoring of the aquatic 
ecosystem. A comprehensive biomonitoring process involves both 
physicochemical and biological approach and gives the exact status of the 
aquatic ecosystem. Biomonitoring of water bodies also helps to understand the 
composition of biota and its dynamics.  

Lakes of Bangalore occupy about 4.8% of city's geographical area (640 sq.km) 
covering both urban and rural areas. Bangalore lakes have several direct use 
values apart from replenishing the ground water table and influencing the 
climate of the city . The study was undertaken to know the current status of 
selected lakes of Bangalore, considering decline in quality due to anthropogenic 
activities. A biomonitoring approach incorporates physicochemical and 
biological (phytoplankton and zooplankton) analysis. The study reveals that 
Ulsoor lake and Rachenahalli lake are severely affected due to anthropogenic 
activities. This is evident from large scale fish mortality in Ulsoor lake. The 
trophic structure in these lakes has been affected. Immediate actions have to be 
taken by the concerned authorities to reestablish the water quality of these lakes. 
Compared to these lakes, Sankey lake and Tippagondanahalli lake are relatively 
unaffected. 
 
1. AQUATIC ECOSYSTEM - INTRODUCTION 

Aquatic ecosystem is the most diverse ecosystem in the world. The first life 
originated in the water and first organisms were also aquatic where water was 
the principal external as well as internal medium for organisms. Thus water is 
the most vital factor for the existence of all living organisms. Water covers 
about 71% of the earth of which more than 95% exists in gigantic oceans. A 
very less amount of water is contained in the rivers (0.00015%) and lakes 
(0.01%), which comprise the most valuable fresh water resources. Global 
aquatic ecosystems fall under two broad classes defined by salinity – freshwater 
ecosystem and the saltwater ecosystem. Freshwater ecosystems are inland 
waters that have low concentrations of salts (< 500 mg/L). The salt-water 
ecosystem has high concentration of salt content (averaging about 3.5%).  

An aquatic ecosystem (habitats and organisms) includes rivers and streams, 
ponds and lakes, oceans and bays, and swamps and marshes, and their 
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associated animals. These species have evolved and adapted to watery habitats 
over millions of years. Aquatic habitats provide the food, water, shelter, and 
space essential for the survival of aquatic animals and plants. Aquatic 
biodiversity is the rich and harbors variety of plants and animals--from primary 
producers algae to tertiary consumers large fishes, intermittently occupied by 
zooplankton, small fishes, aquatic insects and amphibians. Many of these 
animals and plants species live in water; some like fish spend all their lives 
underwater, whereas others, like toads and frogs, may use surface waters only 
during the breeding season or as juveniles.  

The study of freshwater habitats is known as limnology. Freshwater habitats can 
be further divided into two groups as lentic and lotic ecosystems based on the 
difference in the water residence time and the flow velocity. The water 
residence time in a lentic ecosystem on an average is 10 years and that of lotic 
ecosystem is 2 weeks. In lotic ecosystem, the average flow velocity ranges from 
0.1 to 1 m/s whereas lentic ecosystems are characterized by an average flow 
velocity of 0.001 to 0.01 m/s (Wetzel, 2001; UNEP, 1996). The lentic habitats 
further differentiate from lotic habitats by having a thermal stratification with is 
created in a lake due to differences in densities. Water reaches a maximum 
density at 4 0 C, a warm, lighter water floats on top of the heavier cooler water 
thus creating thermally stratified zones which corresponds to epilimnion, the 
warm layer, the hypolimnion, the colder layer separated by a barrier called 
thermocline. The lotic ecosystem is characterized by stream orders depending 
on the origin and flow and various types of stream pattern namely Dendritic, 
Radial, Rectangular, Centripetal, Pinnate, Trellis, Parallel, Distributory and 
Annular, which determines the flooding and soil erosion hazards of the region. 
However, the basic unity among these ecosystems is that any alteration in the 
catchment area of these ecosystems will affect the water quality of both lotic 
and lentic ecosystem. The catchment area is all land and water area, which 
contributes runoff to a common point, which may be a lake or a stream. The 
term catchment is equivalent to drainage basin and watershed (Davie, 2002; 
Tideman, 2000). Physical, Chemical and biological characteristics of lentic and 
lotic ecosystems are listed in Table 1.  

The term lotic (from lavo, meaning ‘to wash') represents running water, where 
the entire body of water moves in a definite direction. It includes spring, stream, 
or river viewed as an ecological unit of the biotic community and the 
physiochemical environment. Lotic ecosystems are characterized by the 
interaction between flowing water with a longitudinal gradation in temperature, 
organic and inorganic materials, energy, and the organisms within a stream 
corridor. These interactions occur over space and time. 
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Table 1: Physical, Chemical and Biological Characteristics of Lentic and Lotic 
Ecosystems  

FRESHWATER HABITATS  

LENTIC ECOSYSTEM  LOTIC ECOSYSTEM  

The term lentic (meaning ‘to make calm') 
is used for still waters of lakes and ponds, 
which offer environmental conditions, 
which differ sharply with that of the 
streams. Light penetrates only to a certain 
depth depending upon turbidity. 
Temperature varies seasonally and with 
depth. Because only a small portion is in 
direct contact with the atmosphere and 
because decomposition takes place 
actively at the bottom, the oxygen content 
of lentic ecosystem is relatively low when 
compared to the lotic.  

The term lotic (from lavo, meaning ‘to 
wash') represents running water, where the 
entire body of water moves in a definite 
direction. These may comprise brooks, 
streams, rivers and springs. Brook is a 
term used for the small body of water 
while river is a term used for a relatively 
large natural body of water. The stream is 
generally designated as smaller than a 
river but bigger than a brook. Spring is an 
issue of water from the earth, which takes 
the form of a stream on the surface (Kalff, 
2002; Wetzel, 2001).  

Physical characteristics  

Stratification and Water movement: 
The presence of stratification is created by 
the difference in density resulting from 
differential heating of lake waters. In the 
presence of strong winds, the lake water is 
well mixed if the temperature is uniform at 
more than 4 0 C. If the temperature is not 
uniform, due to density difference, the 
lake is stratified into epilimnion, 
hypolimnion and thermocline. According 
to the circulation patterns, lakes are thus 
classified into amictic, meromictic, 
holomictic, oligomictic, monomictic, 
dimictic and polymictic lakes. Thus the 
water movement is strongly influenced by 
wind pattern and temperature. Often, the 
movement of water in lake is 
multidirectional.  

Currents and stream pattern: The 
velocity of current in running waters 
depends on the nature of their gradient and 
substrates. In contrast to lentic waters, 
wind has little influence on currents in 
running waters. The continual downstream 
movement of water, dissolved substances 
and suspended particles is depended 
primarily on the drainage basin 
characteristics. There are many stream 
patterns according to this gradient and they 
include dendritic, rectangular, radial, 
trellised, parallel, annular, deranged and 
pinnate. The stream pattern determines the 
soil erosion hazards.  

Suspended solids: Materials in suspension 
can be divided into two types depending 
on origin. Autochthonous matter, which is 
generated from lake itself, and 
allochthonous matter originating from 
outside the lake and brought into it. The 
autochthonous matter is mainly derived 
from growth of algae and macrophytes. 
The allochthonous organic matter is 

Suspended solids: The erosion, 
transportation and deposition of solid 
materials within a running water is closely 
linked to current velocity. The organic 
matter in suspended form is mainly from 
litter that is brought into the river. The 
other suspended matter includes inorganic 
matter such as silt, detritus and materials 
removed from the sediments, which cause 
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derived from peat, fallen leaves and other 
decaying types of vegetation.  

turbidity to the water.  

Light: The depth to which rooted 
macrophytes and attached algae can grow 
on suitable substrates is largely controlled 
by the spectral composition and intensity 
of light there. According to penetration of 
light, a lake can be divided into tropogenic 
zone and tropolytic zone. Light determines 
the primary productivity of lake and 
phytoplankton inturn determine the depth 
of light penetration.  

Light, temperature and runoff: The 
penetration of light in running waters is 
strongly influenced by the turbidity. In 
addition to scattering by particles, there is 
also a loss due to absorption by water. If 
water is clear or hollow adequate light can 
reach the substrate and photosynthesis can 
take place. The stratification due to 
temperature is absent and due to more 
contact with air, the temperature of a 
stream follows that of air temperature. The 
temperature of lotic water is influenced by 
many factors and they include: Origin, 
depth, substrate, tributaries, exposure and 
time of the day. The contribution of 
surface and ground waters to the flow of 
stream varies according to a number of 
factors especially local geology and 
climate. Running water fed mainly by 
surface runoff have variable flow and may 
spate with each heavy rainfall and those 
fed largely by ground water are usually 
regular in flow.  

Chemical characteristics:  

Dissolved gases:  

The quantities of oxygen in a lake depend 
on the extent of contact between water and 
air, on the circulation of water and on the 
amounts produced and consumed within 
each lake. The thermal stratification 
produces a marked difference in oxygen 
levels. The oxygen in the hypolimnion is 
always low and the surface layer has 
adequate oxygen. The lake productivity also 
plays an important role and the balance 
between primary production and respiration 
influences the oxygen level. In the bottom 
sediments it may be completely anoxic and 
gases such H 2 S and CH 4 are produced. 
The free carbondioxide plays an important 
role in the regulation of pH. In well-mixed 
waters, the pH and CO 2 concentrations are 
uniform from surface to bottom. In 
stratified lakes, the algae and macrophytes 

Dissolved gases:  

Of the dissolved gases present in running 
waters, oxygen is the most abundant and 
important. The concentration of oxygen is 
high due to turbulence and mixing. Low 
concentration usually indicates organic 
pollution. However, there is a difference 
in the oxygen concentration in diurinal 
basis. The amount of oxygen present is 
related to current, the water temperature 
and the presence of respiring plants and 
animals. The carbondioxide content of 
the running waters tend to be scarce due 
to constant turbulence of water and its 
frequent contact with air.  
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reduce the amount of CO 2 , thus increasing 
the pH, whereas in deeper water, there is a 
tendency for increase in the carbondioxide 
and calcium carbonate and reduction in pH.  
Dissolved solids:  

The quantity of dissolved solids is 
dependant on the stratification of the lake. It 
is also dependant on the water inlet that 
comes to the lake. Thus the dissolved solids 
content of standing water is dependant on 
the catchment area. The dissolved solids are 
also fixed by phytoplankton. Major 
nutrients like nitrogen, phosphorus, iron, 
silicon and others may be depleted and so 
limit production or alter the composition of 
algal community.  

Dissolved solids:  

The dissolved solids present in a river 
may vary greatly from source to mouth, 
usually increasing in downstream 
direction. The effect of rainfall also plays 
an important role. The quality and 
quantity of solids dissolved from the 
ground depend on the character of soil 
and rocks in the substratum (Maitland, 
1990).  

Biological characteristics:  

   
The biological characteristics of still water 
bodies may be broadly classified into – 
pelagic and benthic systems. Benthic system 
is subdivided into littoral and profundal types. 
The species composition of communities of 
all those types is greatly influenced by the 
nutrient status of the water concerned. The 
pelagic habitat is that of the open water away 
from the influence of shore or bottom 
substrate, while benthic habitat is associated 
with the substrate of the lake. The littoral 
habitat is extending from the shoreline out to 
the deeper water. The plankton community, 
phytoplankton and zooplankton, occupy the 
regions of high light intensities namely on the 
surface layer of pelagic zone and the littoral 
zone. Some of the zooplankton members also 
inhabit the benthic zone feeding on detritus 
and sinking phytoplankton. Fishes occupy the 
littoral, pelagic and occasionally profundal 
zones, when the dissolved oxygen content in 
the lake is high. Macroinvertebrates are 
confined to the benthic zone.  

   
In the lotic habitats, the water moves 
continually in one direction. The 
current is more pronounced at the 
surface than in the bottom substrate. 
Hence, the bottom substrate conditions 
are similar to lentic habitats. Often the 
plankton community is at the mercy of 
currents. In riffles and pools, the 
plankton exhibit the characteristics 
similar to lentic ecosystem. The fishes 
are highly adopted to resist water 
currents. Since the dissolved oxygen 
levels are high throughout the water 
column due to water turbulence, the 
fishes are distributed from surface to 
bottom substrate and often among the 
rocks (Moss, 1998).  

As in the terrestrial ecosystem, the main source of energy in aquatic ecosystem 
is the solar energy. The transfer of solar energy from one community to another 
takes a specific path. The solar energy is trapped by the phytoplankton, the 
producers which inturn are consumed by the zooplankton, which are primary 
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consumers and secondary consumers are the macroinvertebrates and 
planktivorous fish, which are consumed by large fishes. At each step of energy 
transfer, a proportion of energy is lost as heat. Thus the transfer of food energy 
from the source (phytoplankton) through a series of organisms that consume and 
are consumed is called as food chain. Food chains are of two basic types, the 
grazing food chain, which starts from the phytoplankton to the herbivores and 
carnivores and the detritus food chain that goes from non-living organic matter 
into microorganisms and then to detritus feeding organisms and their predators. 
These food chains are interconnected and often this interlinking pattern is called 
the food web (Figure 1).  

 

Figure 1: Food web in an aquatic ecosystem  

PLANKTON IN AQUATIC FOOD CHAIN  

The term “Plankton” refers to those minute aquatic forms which are non motile 
or insufficiently motile to overcome the transport by currents and living 
suspended in the open or pelagic water. The planktonic plants are called 
phytoplankton and planktonic animals are called zooplankton (APHA, 1985). 
Phytoplankton are the base of aquatic food webs and energy production is 
linked to phytoplankton primary production. Excessive nutrient and organic 
inputs from human activities in lakes and their watersheds lead to 
eutrophication, characterized by increases in phytoplankton biomass, nuisance 
algal blooms, loss of water clarity from increased primary production and loss 
of oxygen in bottom waters. The freshwater phytoplankton of the Indian region 
belongs to the following classes:  
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•  Cyanophyceae: Cyanophyceae comprises of prokaryotic organisms popularly 
known as blue-green algae. They are like gram-negative bacteria and due to the 
nature of the cell wall, cell structure and capacity to fix atmospheric nitrogen 
these are considered as bacteria and named cyanobacteria. However, they 
possess the oxygen evolving photosynthetic system, chlorophyll a accessory 
pigments and thallus organizations resembling other algae. They occur 
abundantly in freshwater habitats along with other groups of algae. 
Cyanophyceae members are broadly classified into coccoid and filamentous 
forms. The coccoid forms range from single individual cell to aggregates of 
unicells into groups or in regular or irregular colonies and 
pseudoparenchymatous conditions. The filament forms range from simple 
uniseriate filaments to heterotrichous filaments, which may be differentiated 
into heterocysts and akinetes (spores). These are truly cosmopolitan organisms 
occurring in habitats of extreme conditions of light, pH and nutritional 
resources. They abound various types of natural and artificial aquatic 
ecosystems.  

•  Chlorophyceae: Chlorophyceae (green algae) constitutes one of the major 
groups of algae occurring in freshwater habitats. The cells are typically green in 
colour due to the presence of chlorophyll a and b. The cells contain chloroplast 
of various shapes, which are dispersed differently in each group of organisms. 
The chloroplast also contains pyrenoids. In majority of the organisms there is a 
single nucleus but some genera are multinucleate. Flagellated cells are common 
either in the vegetative phase or reproductive units. Chlorophyceae is generally 
divided into several orders based on the diversity of the thallus.  

•  Euglenophyceae: The members are single cells, motile found swimming with 
the help of usually one prominent flagellum and in some cases with two 
flagella. In the anterior portion a gullet is visible and there are many 
chloroplasts in the autotrophic forms and the chloroplasts vary in shape. 
Euglenoid cells are covered by a proteinaceous pellicle and at times help the 
organisms attain various shapes. These are widely distributed in all types of 
water bodies specifically in organically rich aquatic ecosystems.  

•  Bacillariophyceae: The members belonging to this class are popularly known 
as diatoms. All are basically unicellular, in some cases become 
pseudofilamentous or aggregated into colonies. The cell wall of diatoms is 
impregnated with silica and several diatoms have been well preserved as 
microfossils. The diatom cell is also called as frustule and the classification of 
diatoms is based on the pattern of ornamentation on the wall of the frustule. The 
cells have either bilateral or radial symmetry. The frustules are composed of two 
halves, epitheca and hypotheca and connecting girdle bands. The valve surfaces 
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have several types of markings. Radial symmetry forms are grouped as 
Centrales and bilaterally symmetric ones are Pennales.  

•  Dinophyceae: The members are unicellular motile cells with two flagella one 
located in the transversely aligned groove or furrow and other in a 
longitudinally arranged furrow. One is considered to propel the cell and the 
other is called the trailing flagellum. The cells while moving forward also get 
rotated by the flagellar action. The motile cells have a thick pellicle instead of a 
cell wall, which sometimes becomes very thick, and called theca. Certain genera 
have thecal plates on their outer covering and called as unarmoured 
dinoflagellates, while others have horny projections and called armoured 
dinoflagellates (Anand, 1998).  

Zooplankton are the central trophic link between primary producers and higher 
trophic levels. The freshwater zooplankton comprise of Protozoa, Rotifers, 
Cladocerans, Copepods and Ostracods. Most of them depend to a large extent, 
on various bacterioplankton and phytoplankton for food. Many of the larger 
forms feed on smaller zooplankton, forming secondary consumers. Some of 
them are detritivore feeders, browsing and feeding on the substrate attached 
organic matter, phytoplankton or concentrating on the freely suspended organic 
matter particles or those lying on the bottom sediment. Many of these organisms 
are also fish food organisms and are consumed by the other aquatic macrofauna. 
The freshwater zooplankton is mainly constituted of five groups:  

•  Protozoans (first animals): A very diverse group of unicellular organisms 
are found in this major zooplanktonic community. Most of the protozoans are 
usually not sampled due to their minute size. Planktonic protozoans are limited 
to ciliates and flagellates. Among the unicellular protozoa, the heterotrophic 
nanoflagellates are the major consumers of free-living bacteria and other 
smaller heterotrophic nanoflagellates. The abundant heterotrophic 
nanoflagellates (105 to 108 /L in highly eutrophic lentic ecosystems) range in 
size from about 1.0 to about 20 µm. They include non-pigmented species that 
structurally have very closely related pigmented species in the phytoplankton. 
The ciliates are larger in size (8 µm to 300 µm) but are less abundant (102 to 104 
/L). While the smallest planktonic ciliates feed on the picoplankton, the larger 
ciliates feed on the heterotrophic nanoflagellates and small nanophytoplankton. 
Among the ciliates, those containing captured chloroplasts from the ingested 
algae or those containing more permanent symbiotic green algae (zoochlorellae) 
are common. Among the protozoans are two orders of amoebae that are 
primarily associated with the sediments and littoral aquatic vegetation and large 
numbers of meroplanktonic species (Edmondson, 1959; Battish, 1992).  
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•  Rotifers (wheel bearers): Rotifers, typically an order of magnitude less 
abundant the protozoans, are the most important soft-bodied metazoans 
(invertebrates) among the plankton. Their name comes from the apparently 
rotating wheels of cilia, known as corona, used for locomotion and sweeping 
food particles towards the mouth. The mouth is generally anterior and the 
digestive tract contains a set of jaws (trophi) to grasp the food particles and 
crush them. Relatively few (about 100) ubiquitous rotifer species are planktonic 
and a much larger number (about 300) are sessile and are associated with 
sediments and the vegetation of the littoral zones. Planktonic rotifers have a 
very short life cycle under favourable conditions of temperature, food and 
photoperiod. Since the rotifers have short reproductive stages they increase in 
abundance rapidly under favourable environmental conditions (Dhanapathi, 
2000). The schematic representation of rotifera is given Appendix 1 (figure 15).  

•  Crustaceans: This group comprises of members all belonging to the well-
known Phylum Arthropoda. This is the largest phylum in terms of number of 
species and among zooplankton holds the highest position both in terms of 
systematics and as secondary consumers in the food chain. In healthy habitats 
wherein external influences of pollution are absent or at least low, members of 
this group constitute a sizeable population.  

•  Cladocerans (Branched horns): 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. Cladocerans are normally covered 
by the chitinous covering termed as the carapace. The two large second 
antennae are responsible for giving the cladocerans their common name, water 
fleas and are used for rowing through the water. Cladocerans are filter feeders 
as they filter the water to trap the organisms in it. Cladocerans are highly 
sensitive against even low concentrations of pollutants. The food source of this 
group is smaller zooplankton, bacterioplankton and algae (Murugan, 1998). The 
schematic representation of cladocera is given Appendix 1 (figure 16).  

•  Copepods (Oar foot):  

•  The copepods comprise of calanoids, cyclopoids and harpacticoids. The 
copepods also form important organisms for fish and are influenced by negative 
environmental factors as caused by excessive human interference in water 
bodies but to a lesser extent than the cladocerans. Copepods are much more 
hardier and strongly motile than all other zooplankton with their tougher 
exoskeleton and longer and stronger appendages. They have long 
developmental time and a complex life history with early larval stages difficult 
to distinguish. They are almost wholly carnivorous on the smaller zooplankton 
for their food needs. Among the three orders of copepods, cyclopoid copepods 
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are generally predatory on (carnivorous) on other zooplankton, and fish larvae. 
The cyclopoid copepods also feed on algae, bacteria and detritus. The second 
group of copepods, calanoid copepods change their diet with age, sex, season, 
and food availability. The calanoid copepods are omnivorous feeding on 
ciliates, rotifers, algae, bacteria and detritus. The third group harpacticoid 
copepods are primarily benthic. Copepods, in general can withstand harsher 
environmental conditions as compared to cladocera (Kalff, 2002). The 
schematic representation of copepoda is given Appendix 1(figure 17 and 18).  

•  Ostracods (Shell like): The Ostracods are bivalved organisms and belong to 
phylum Arthropoda. They mainly inhabit the lake bottom and among 
macrophytes and feed on detritus and dead plankton. Ostracods are in turn 
consumed by fishes and benthic macroinvertebrates (Chakrapani, 1996). The 
schematic representation of ostracoda is given Appendix 1 (figure 19).  

Basic differences among Rotifera, Cladocera, Copepoda and Ostracoda are 
given in Table 2.1. Protozoa is not included since there is a vast difference 
between protozoa and other groups. The protozoa are unicellular whereas all the 
other groups are multicellular. The taxonomic classification of the four groups 
is given in Appendix 3 (Table 25 and figure 20). 

  

Table 2.1: Basic taxonomic differences among the freshwater Zooplankton community  
ROTIFERA  CLADOCERA  COPEPODA  OSTRACODA  

•  Body divided into 
head, trunk and 
abdomen. 

•  Locomotion by the 
means of coronal 
cilia, which gives 
them the name wheel 
bearers. 

•  With 
protonephridia for 
osmoregulation.  

•  Reproduction by 
parthenogenesis 

•  No special organs 
for circulatory or gas 
exchange system.  

•  A pair of biramous 
antennae used for 
swimming gives 
them the name 
cladocera. 

•  Carapace large 
bivalved enclosing 
the trunk but not the 
head.  

•  Eyes sessile, 
ocellus present. 

•  Trunk limbs 4 to 6 
pairs.  

•  No carapace  

•  Antennules 
uniramous. 

•  The body has nine 
appendages usually. 

•  Six pairs of 
biramous limbs.  

•  Presence of 
caudal rami.  

•  Carapace forms a 
bivalved shell.  

•  Antennules 
uniramous.  

•  Not more than five 
pairs of limbs behind 
mandible. 

•  One to three pairs 
of limbs before 
mandibles.  
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TROPHIC INTERACTIONS IN AQUATIC FOOD CHAIN  

In most aquatic food chains, the community interactions are often controlled by 
abiotic factors or predation at higher levels of food chain. The control of 
primary production by abiotic factors such as nutrients is called “bottom-up 
control”. The control of primary production by the upper levels of food chain is 
referred to as “top-down control”. The idea that predation at upper levels of 
food chain can have cascading effect down through the food chain is called the 
“trophic cascade” (Dodds, 2002). The bottom-up hypothesis requires that the 
biomass of all trophic levels is positively correlated and depend on fertility 
(limiting resources) of the habitat. The schematic representation of bottom-up 
control is given in figure 2.  

More available nutrients  more algae more zooplankton more 
planktivorous fish More piscivorous fish. 

 

Figure 2: Bottom up control in the aquatic ecosystem  

The top-down hypothesis predicts, however, that the adjacent trophic levels will 
be negatively correlated. The schematic representation of top-down control is 
given figure 3.  

More piscivorous fish  fewer planktivorous fish  more zooplankton  fewer 
phytoplankton more available nutrients  
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Figure 3: Top down control in the aquatic ecosystem  

Any disturbance to the water body due to over-exploitation of fish resources or 
due to various anthropogenic activities leads to deterioration of the water quality 
and hence will have an impact on the communities in the aquatic ecosystem 
(Lampert and Sommer, 1997). Bio- monitoring the water bodies at regular 
intervals does help to understand the implications of water quality on trophic 
structure and vice versa.  

MONITORING OF WATER BODIES  

With the advent of industrialization and increasing populations, the range of 
requirements for water has increased together with greater demands for higher 
water quality . Industrialization coupled with intensive agriculture in early 
1980's to meet the growing demand of ever increasing populations, the range of 
requirements for water has increased manifolds. In addition to many intentional 
water uses, there are several human activities, which have indirect and 
undesirable, if not devastating, effects on the aquatic environment, which 
include uncontrolled and unplanned land use for urbanization or deforestation, 
accidental (unauthorized) release of chemical substances, discharge of untreated 
waste or leaching of noxious liquids form solid waste deposits. Similarly, 
uncontrolled and excessive use of fertilizers and pesticides for agricultural 
purposes has long-term effects on the ground and surface water resources.  

In order to protect the water resources from continuing deterioration, and to 
supply higher quality water for human consumption, there is a need to assess the 
quality of water. The main reason for assessment of quality of aquatic 
environment has been to verify whether the observed water quality is suitable 
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for intended use. The overall process of evaluation of physical, chemical and 
biological nature of water in relation to natural quality, human effects and 
intended uses, particularly the uses which may affect human health and health 
of the aquatic ecosystem itself is termed as water quality assessment (UNEP, 
1996).  

Water quality assessment includes the use of monitoring to define the condition 
of water, to provide the basis of detecting trends and to provide the information 
enabling the establishment of cause-effect relationship. Thus the water quality 
assessment program aims,  

•  To provide water quality details to decision makers and public on the quality 
of freshwater relative to human and aquatic ecosystem health and specifically,  

•  To define the status of water quality  

•  To identify and quantify trends in water quality  

•  To define the cause of observed conditions and trends  

•  To identify the types of water quality problems that occurs in specific 
geographic areas.  

•  To provide the accumulated information and assessment in a form that 
resource management and regulatory agencies can use to evaluate alternatives 
and make necessary decisions.  

To begin the monitoring of freshwater resources, there is always a need for 
preliminary survey. A survey of a water body is done with specific objectives. A 
finite duration, intensive program to measure and observe the quality of the 
aquatic environment for a specific purpose is termed as a survey. A 
physicochemical approach to monitor water pollution gives the causes and 
levels of pollutants in the water body. Biological approach highlights the impact 
of pollution on the aquatic biota and on the overall status of the water body. 
However, a combined approach depicts a comprehensive picture of the water 
quality and aquatic biota enabling effective interpretation and proper decision-
making.  

The root of the word monitoring means, “to warn” and one essential purpose of 
monitoring is to raise a warning flag that the current course of action is not 
working. The essential purpose of monitoring is to raise a warning flag that the 
current course of action is not working. Thus, monitoring is defined as the 
collection and analysis of repeated observations or measurements to evaluate 
changes in condition and progress toward meeting a specific objective (Elzinga 
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et al ., 2001). Biomonitoring involves the use of biotic components of an 
ecosystem to assess periodic changes in the environmental quality of the 
ecosystem. A variety of effects can be produced on aquatic organisms by the 
presence of harmful substances, the changes in the aquatic environment that 
result from them, or by the physical alteration of the habitat. Some of the 
common effects on the aquatic organisms are:  

•  Changes in the species composition of the aquatic communities,  

•  Changes in the dominant groups of organisms in a habitat,  

•  Impoverishment of species,  

•  High mortality of sensitive life stages (larvae and eggs),  

•  Mortality in the whole population,  

•  Changes in the behaviour of the organisms,  

•  Changes in the physiological metabolism, and  

•  Histological changes and morphological deformities.  

As all of these effects are produced by a change in the quality of aquatic 
environment, they can be incorporated into biological methods of monitoring 
and assessment to provide information on a diverse range of water quality issues 
and problems, such as:  

•  The general effects of anthropogenic activities on ecosystems,  

•  The presence and effects of common pollution issues (eutrophication, toxic 
organic chemicals, toxic metals, industrial inputs),  

•  Common features of deleterious changes in the aquatic communities,  

•  Pollutant transformation in water and in the organisms,  

•  Long-term effect of substances in the water bodies (biomagnification and 
bioaccumulation),  

•  Condition resulting from waste disposal and of the character and dispersion of 
wastewaters,  

•  The dispersion of atmospheric pollution (acidification arising from wet and 
dry deposition of acid-forming compounds),  
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•  The effects of hydrological control regimes (impoundments),  

•  The effectiveness of environmental protection measures, and  

•  The toxicity of substances under controlled, defined laboratory conditions, 
(i.e. acute or chronic toxicity, genotoxicity or mutagenicity.  

Biological methods can also be useful for:  

•  Providing systematic information on water quality (as indicated by aquatic 
communities),  

•  Managing fishery resources,  

•  Defining clean waters by means of biological standards or standardized 
methods,  

•  Providing an earlier warning mechanism,  

•  Assessing water quality with respect to ecological, economic and political 
implications.  

METHODS IN BIOLOGICAL MONITORING  

Biological monitoring (or bio monitoring) of water and water bodies is based on 
five main approaches (UNEP, 1996).  

i. Ecological methods:  

• Analysis of biological communities of the water body;  
• Analysis of biological communities on artificial substrates placed in a 

water body; and  
• Presence or absence of specific species.  

 ii. Physiological and biochemical methods:  

• Oxygen production and consumption, stimulation or inhibition,  
• Respiration and growth of organisms suspended in water, and  
• Studies of the effects on enzymes.  

 iii. The use of organisms in controlled environments:  

• Assessment of toxic effects of samples on organisms under defined 
laboratory conditions (toxicity tests or bioassays), and  
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• Assessing the effects on defined organisms of waters in situ or on site, 
under controlled situations.  

iv. Biological accumulation:  

• Studies of the bioaccumulation of substances by organisms living in the 
environment, and  

• Studies of the bioaccumulation of substances by organisms deliberately 
exposed in the environment.  

 v. Histological and morphological methods:  

• Observation of histological; and morphological changes, and  
• Embryological development or early life stage tests.  

ECOLOGICAL METHODS IN BIOMONITORING OF AQUATIC 
ECOSYSTEM  

All environmental components and processes within the hydrological cycle 
depend on and are regulated by the structural, functional and compositional 
aspects of biodiversity. Environmental components and processes also respond 
to and impact on society's decisions and actions. Historically, research has been 
narrowly focused on separate environmental components within the 
hydrological cycle rather than the processes and relationships between them. 
This thrust focuses on understanding these relationship leads to monitoring 
aquatic ecosystems by ecological methods. The use of ecological methods in 
biomonitoring of aquatic ecosystem is becoming increasingly important due to 
the deterioration of water bodies through anthropogenic activities. The quality 
of water affects the species composition, abundance, productivity and 
physiological conditions of the aquatic community. The structure and 
composition of these aquatic communities is an indicator of water quality. Some 
of the advantages of using ecological methods are as follows:  

•  Biological communities reflect overall ecological integrity (i.e., physical, 
chemical and biological integrity). The monitoring of a single representative 
community for e.g., Zooplankton, among various communities in aquatic 
ecosystem gives a fair idea of the status of all the communities because of the 
interrelationship they share in food webs. Therefore, biomonitoring results in 
directly assessing the status of the entire water body.  

•  Biological communities integrate the effect of different pollutant stressors and 
thus provide a holistic measure of their impact.  
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•  Routine monitoring of the biological communities can be relatively 
inexpensive particularly when compared to the cost of assessing toxic pollutants 
either chemically or with toxicity studies.  

•  Where criteria for specific ambient impact do not exist (e.g., non-point source 
impacts that degrade habitats), biological communities may be the only practical 
means of evaluation (Ramachandra, T.V. et al ., 2002).  

The ecological methods useful in biomonitoring include the collection, 
identification and counting of bioindicator organisms, biomass measurements, 
measurements of metabolic activity rates, and investigation on the 
bioaccumulation of pollutants. The communities that are useful in 
biomonitoring are plankton, periphyton, macrophytes, fishes, 
macroinvertebrates, amphibians, aquatic reptiles, birds and mammals. These 
organisms reflect a certain range of physical and chemical conditions. Some 
organisms can survive a wide range of conditions and are tolerant to pollution. 
Others are very sensitive to changes in conditions and are intolerant to pollution. 
These organisms are called bioindicators (EPA, 1989).  

STEPS IN BIOMONITORING USING ECOLOGICAL METHODS  

The first step in a biomonitoring programme is setting one's objectives because 
the methods of monitoring vary according to the objectives . In order to 
biomonitor a water body the following steps have to be considered.  

•  Selection of a biological community, which gives an immediate and holistic 
picture of slightest of impacts caused by different pollution stressors.  

•  To know about the species and ecology of the biological community selected.  

•  To select an appropriate sampling method to represent whole of the 
population (Sutherland, 1997)  

PHYTOPLANKTON FOR BIOMONITORING OF WATER BODIES  

Phytoplankton forms the very basis of aquatic food chain. The water quality 
especially the nutrients influence its population. Phytoplankton survey thus 
indicates the trophic status and the presence of organic population in the 
ecosystem. Nutrients enrichment in water bodies is known as eutrophication, 
which is a common phenomenon with algal blooms.  
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ZOOPLANKTON FOR BIOMONITORING OF WATER BODIES  

Plankton has been used recently as an indicator to observe and understand 
changes in the ecosystem because it seems to be strongly influenced by climatic 
features (Beaugrand et al., 2000, Le Fevre-Lehoerff et al., 1995 and Li et al., 
2000). The variability observed in the distribution of zooplankton is due to 
abiotic parameters (e.g. climatic or hydrological parameters: temperature, 
salinity, stratification, advection), to biotic parameters (e.g. food limitation, 
predation, competition) or to a combination of both (Beyst et al., 2001, 
Christou, 1998, Escribano and Hidalgo, 2000 and Roff et al., 1988). Although 
zooplankton exists under a wide range of environmental conditions, yet many 
species are limited by temperature, dissolved oxygen, salinity and other 
physicochemical factors. The use of zooplankton for environmental 
characterization of lakes is potentially advantageous. Zooplankton species tend 
to have wide geographic distributions (Carter et al., 1980 and Shurin et al., 
2000), so local differences in community occurrence do not generally result 
from dispersal limitation. Trophic roles (predators, herbivores, omnivores) are 
well represented in the zooplankton, and individual generation times are short 
enough that they quickly respond to acute stress but long enough for them to 
integrate the effects of chronic problems, making them favorable candidates for 
a community indicator of ecosystem health (Cairns et al., 1993). Finally, 
zooplankton are relatively easy to identify, so they are particularly useful when 
community sensitivity can be detected based on zooplankton body sizes or gross 
taxonomic classifications.  

Multi-lake studies have been used to explore variations in the zooplankton 
community along a number of limnological gradients. For example, 
zooplankton community size structure has been used as an indicator of lake 
trophic status (Bays and Crisman, 1983, Beaver and Crisman, 1990, Canfield 
and Jones, 1996 and Pace, 1986). Studies have compared the abundance and 
biomass of micro- and macrozooplankton (Bays and Crisman, 1983, Pace, 1986 
and Sprules et al., 1988) to algal chlorophylls (Canfield and Jones, 1996), 
Carlson's Trophic State Index (Bays and Crisman, 1983), and nutrients (Pace, 
1986 and Sprules, 1977). Zooplankton indicator species have been used to 
determine shifts in trophic state (e.g., Fuller et al., 1977 and Sprules, 1977). 
Several studies have examined differences in rotifer communities in lakes of 
various trophic states (Beaver and Crisman, 1990, Fuller et al., 1977 and 
Gannon and Stemberger, 1978). Abundance of selected major zooplankton 
groups (e.g. Rotifera, Copepoda) has also been used to show changes in trophic 
state (Gannon and Stemberger, 1978 and Pace, 1986).  

Moreover, prey-predator interactions play an important role in determining 
population densities such as absence or presence of some fish species. Pollution 
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levels can further alter species composition and community structure. Thus the 
changes in the physicochemical nature of water, interspecific and intraspecific 
competition, pollution level and presence or absence of planktivorous or 
piscivorous fish are some of the factors influencing zooplankton species 
composition and structure in any aquatic ecosystem. Zooplankton as indicators 
for the assessment of water quality has the following advantages:  

•  Zooplankton are sufficiently large in numbers in any aquatic ecosystem to 
follow the trends in changes of water quality.  

•  Samples can be collected easily and processed rapidly.  

•  Their reproductive cycle is short enough to enable the study through several 
generations in a relatively short time.  

•  Some of the commonly occurring species like Daphnia, Cyclops, Brachionus 
and Moina can be easily cultured to ensure constant supply of for experimental 
purposes.  

•  They respond more rapidly to environmental changes than fishes, which have 
been traditionally used as indicators of water quality.  

Zooplankton constitute an important link in food chain as grazers (primary and 
secondary consumers) and serve as food for fishes directly or indirectly. 
Therefore any adverse effect to them will be indicated in the wealth of the fish 
populations. Thus, monitoring them as biological indicators of pollution could 
act as a forewarning for the fisheries particularly when the pollution affects the 
food chain (Mahajan, 1981). Thus, the use of zooplankton for ecological 
biomonitoring of the water bodies helps in the analysis of water quality trends, 
development of cause-effect relationships between water quality and 
environmental data and judgement of the adequacy of water quality for various 
uses.  

More often an issue raised by the public, concerning the deteriorating quality of 
a particular water body, forms the basis for water quality assessment. Thus 
water quality assessments is done to understand the quality of water, to show 
the causes of impacts, the level of impact, to verify the suitability for the current 
use and finally if the interpretation reveals the polluted status, outlining the 
restoration measures and alternatives for implementation by the decision 
makers. The decline in water quality and quantity has a great bearing on the 
social, economic and environmental status of a region. This necessitates 
restoration of degraded ecosystems as a part of conservation and sustainable 
management of aquatic ecosystems.  
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As in the case of productivity, lake size is likely to moderate the potential 
effects of biotic interactions like predation and competition. This is because lake 
size is an important determinant of pelagic community structure. For instance, a 
small pelagic zone cannot sustain populations of obligate plankton-feeding fish. 
Small lakes are dominated by generalist fish species that feed only facultatively 
on zooplankton, and only large pelagic zones can sustain one further trophic 
level (pelagic piscivores). Finally, as stated above, larger lakes will generally 
provide a larger number of microhabitats than smaller lakes. A summary of 
factors influence zooplankton population is discussed in Table 2.2.  

Table 2.2: Environmental factors assumed to influence species richness in 
limnetic zooplankton communities. Effects are given as + (species richness 
increases more or less monotonically with the factor); u (unimodal response 
with species richness peaking at intermediate levels of the factor), or – (species 
richness declines with factor)  

Factors Effects 
Mechanisms  

Effects  Mechanisms  References  

Geography Latitude  -  Reduced regional species 
pool, harsher environment  

Dodson, 1992  

Altitude  -  Reduced regional species 
pool, harsher environment  

Dodson, 1992, Schartau 
et al., 1997  

Habitat Lake area  +  Number of available niches; 
probability of immigration  

Dodson, 1992  

Lake depth  +  Vertical segregation; 
predation avoidance  

Dodson, 1992  

Littoral development  +  Indirect effect via 
macrophyte development; 
number of available niches  

Dodson, 1992  

Productivity  U/+  More trophic resources with 
increased productivity  

Dodson, 1992; Dodson 
et al., 2000  

Biotic interactions 
Macrophyte stands  

+  Predation avoidance  Jeppesen et al., 1997  

Fish predation  +/U  Reduces dominant 
competitors via size-selective 
predation  

Schartau et al., 1997; 
Shurin, 2000 

Invertebrate predation  -  Favours large-bodied species 
which are dominant 
Competitors  

Anders Hobaek et al, 
2002  

Dispersal (Within the 
region) Number of 
lakes in proximity  

+  Passive dispersal of 
propagules; effective within 
20 km distance  

Dodson, 1992;  

Distance to nearest 
lake  

–  No effect?  Dodson, 1992  
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Waterway 
connections  

+  Influx of live animals and 
propagules  

Michels et al., 2001  

Waterfowl density  +  Passive dispersal of 
propagules  

Figuerola and Green, 
2002  

 

RESTORATION OF AQUATIC ECOSYSTEM  

Restoration is the “return of an ecosystem to a close approximation of its 
condition prior to disturbance” or the reestablishment of predisturbance aquatic 
functions and related physical, chemical and biological characteristics. It is 
holistic process not achieved through the isolated manipulation of individual 
elements. The objective is to emulate a natural, self-regulating system that is 
integrated ecologically with the landscape that occurs. Often, restoration 
requires one or more of the following processes: reconstruction of antecedent 
physical conditions, chemical adjustment of the soil and water; and biological 
manipulation, including the reintroduction of absent native flora and fauna.  

These principles focus on scientific and technical issues, but as in all 
environmental management activities, the importance of community 
perspectives and values is to be considered. Coordination with the local people 
and organizations that may be affected by the project can help built the support 
needed to get the project moving and ensure long-term protection of the restored 
area. In addition, partnership with all stakeholders can also add useful resources, 
ranging from finance and technical expertise to volunteer help with 
implementation and monitoring (Ramachandra T.V., 2001). Restoration 
principles are  

•  Preserve and protect aquatic resources: Existing, relatively intact 
ecosystems are the keystone for conserving biodiversity, and provide the biota 
and other natural materials needed for the recovery of impaired systems.  

•  Restore ecological integrity: Ecological integrity refers to the condition of 
an ecosystem – particularly the structure, composition and natural processes of 
biotic communities and physical environment.  

•  Restore natural structure: Many aquatic resources in need of restoration 
have problems originated with harmful alteration physical characteristics, which 
in turn may have led to problems such as habitat degradation and siltation.  

•  Restore natural function: Structure and function are closely linked in river, 
wetlands and other aquatic resources. Reestablishing the appropriate natural 
structure can bring back beneficial functions.  
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•  Work within the catchment area: Restoration requires a design based not 
only on the lake but also on it's catchment area. Activities throughout the 
catchment area of a lake play have an adverse effect on the water body since the 
catchment determines the quality and quantity of runoff to the lake.  

•  Address on going causes of degradation: Identify the causes of degradation 
and eliminate or remediate ongoing stresses whenever possible.  

•  Develop clear, achievable and measurable goals: Goals direct 
implementation and provide the standards for measuring success. The chosen 
goals should be achievable ecologically, given the natural potential of the area, 
and socio-economically, given the available resources and the extent of 
community support for the project.  

•  Focus on feasibility taking into account scientific, financial, social, and other 
considerations.  

•  Anticipate future changes: As the environment and our communities are 
both dynamic, many foreseeable ecological and societal changes should be 
factored into restoration design.  

•  Involve the skills and insights of a multi-disciplinary team: Universities, 
government agencies, and private organizations may be able to provide useful 
information and expertise to help ensure that restoration projects are based on 
well-balanced and thorough plans.  

•  Design for self-sustainability: Ensure the long-term viability of a restored 
area by minimizing the need for continuous maintenance of the site. In addition 
to limiting the need for maintenance, designing for self-sustainability also 
involves favouring ecological integrity, as an ecosystem in good condition is 
more likely to have the ability to adapt to changes.  

•  Use passive restoration, when appropriate: Simply reducing or eliminating 
the sources of degradation and allowing recovery time to allow the site to 
naturally regenerate. Passive restoration relies mainly on natural processes and 
it is still necessary to analyze the site's recovery needs and determine whether 
time and natural processes can meet them.  

•  Restore native species and avoid non-native species: Many invasive 
species out compete natives because they are expert colonizers of disturbed 
areas and lack natural controls. Invasive species cause undesirable structural 
changes to the ecosystem.  
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•  Use natural fixes and bioengineering techniques, where possible: 
Bioengineering is a method of construction combining live plants with dead 
plants or inorganic materials, to produce, functioning systems to prevent 
erosion, control sediment and other pollutants, and provide habitat. These 
techniques would be successful for erosion control and shoreline stabilization, 
flood mitigation and even water treatment.  

•  Monitor and adapt where changes are necessary: Monitoring program is 
crucial for finding out whether goals are being achieved. If they are not, “mid-
course” adjustments in the projects should be undertaken. Post-project 
monitoring will help determine whether additional actions or adjustments are 
needed and provide useful information for future restoration efforts. This 
process of monitoring and adjustment is known as adaptive management. 
Monitoring plans should be feasible in terms of costs and technology, and 
should always provide information relevant to meeting the project goals.  

2. STUDY OBJECTIVES 

 

   

Main objective of this study is to characterize selected water bodies of 
Bangalore through physical, chemical and biological parameters. This work 
involves 

• Analysis of the physicochemical and biological parameters in these lakes.  
• Standardizing the amount to water to be filtered for zooplankton analysis.  
• Quantitative and qualitative analysis of zooplankton composition to 

ascertain the water quality.  
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3. STUDY AREA 

Bangalore district is located in the heart of South Deccan of Peninsular India. It 
is situated in the southeastern corner of Karnataka state (12039' – 13018' N 
latitude and 77022' – 77052' E longitude) with a geographical area of about 
2,191 sq.km and an average elevation of 900 m above sea level. The climate of 
the district enjoys an agreeable temperature range from the highest mean 
maximum of 330C in April to lowest mean maximum of 140C in January. It has 
two rainy seasons from June to September and October to November coming 
one after the other but with opposite wind regime, corresponding to south-west 
and north-east monsoons. The mean monthly relative humidity is lowest in the 
month of March (44%) and high during the month of June to October, being 
between 80 to 85% on an average. The mean annual rainfall is 859.6 mm and 
the mean number of rainy days is about 57. Bangalore receives 54% of the total 
rainfall in the Southwest monsoon period with a rainfall of 496 mm and 34 
rainy days whereas the Northeast monsoon contributes a mean rainfall of 241 
mm and means rainy days being 14 (Kamath, 1990). The location of Bangalore 
district is shown in figure 4.  

Bangalore city once sported a large number of lakes, ponds and marshy 
wetlands, which ensured a high level of ground water table and pleasant 
climate. It is a great pity that many of the lakes and ponds have already 
disappeared due to various anthropogenic activities and pressures due to 
unplanned urbanization and expansion. Surviving lakes are reduced to cesspools 
due to direct discharge of industrial effluents, sewage and unregulated dumping 
of solid wastes.  
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Figure 4: The location of Bangalore district.  
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DISTRIBUTION OF LAKES IN BANGALORE  

Lakes of Bangalore occupy about 4.8% of city's geographical area (640 sq.km) 
covering both urban and rural areas (Krishna et al ., 1996). Bangalore has many 
man-made lakes but no natural lakes. They were built for various hydrological 
purposes and to serve the needs of drinking water and irrigation. Totally there 
were 262 lakes coming within the green belt area of Bangalore city. The table 
below gives the distribution of tanks in Bangalore district (Chakrapani, 1996).  

Table 3: Distribution of lakes by taluks in Bangalore district  
S. No.  Name of the Taluk  Number of lakes  

1  Bangalore North  61  
2  Bangalore South  98  
3  Hoskote  23  
4  Anekal  44  
5  Magadi  11  
6  Nelamangala  13  
7  Devanahalli  12  

The number of lakes in Bangalore has fallen from 262 in 1960 to 81 at present 
(Lakshman Rau, 1986). Four lakes were selected based on use values for the 
study. The exact location of the selected lakes is given figure 5.  



 30 

 
 
 
 

 

Figure 5: The location of selected lakes in Bangalore district.  

The location of each lake with its catchment details and status has been 
described in the following section. The selection of sampling points is important 
because the sampling at one part of the lake doesnot reveal the status of the 
entire water body. The sampling points in each lake are given in figures 6 to 9.  

SANKEY LAKE  

The Sankey lake was constructed in the 19 th century by Col. Sankey in the 
western part of the city, between Malleswaram and Sadashiv nagar areas, to 
meet the drinking water demand. It is spread over an area of 10 hectares. The 
lake has a well-maintained park and a corporation swimming pool at the 
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southern part and nursery towards the north, adjacent to the tank. The water 
presently used for watering the plants surrounding the lake. The tank reserves 
the recreational requirement of the region and has boat club run by the 
Karnataka State Tourism Development Corporation (KSTDC). Figure 6 gives 
the boundary and the sampling points in the lake 

.  

Figure 6: Location of sampling points in Sankey lake.  

Scale – 1: 50,000.  

S1 – Sampling point 1 N (13 0 00' 29.3'' E 77 0 34' 21.4'' - Outlet and small inlet).  

S2 – Sampling point 2 N (13 0 00' 41.1'' E 77 0 34' 22.7'' - Near bridge).  

S3 – Sampling point 3 N (13 0 00' 36.4'' E 77 0 34' 30.2'' - Near entrance, Sadashivnagar).  

RACHENAHALLI LAKE  

Rachenahalli lake is situated in Bangalore north taluk and has area of about 60 
hectares. The water of the lake is mainly used for agricultural and washing 
purposes of surrounding area. The tank is almost dry with only patches of water 
at shallow depths. Bangalore Development Authority has started the work on 
construction of road along the shorelines of the tank, which has affected the 
tank in declining the water quality as well as quantity. Figure 7 depicts the 
boundary and sampling points in the lake.  
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Figure 7: Location of sampling points in Rachenahalli lake.  

Scale – 1: 50,000.  

SR – Submerged rocks.  

R1 – Sampling point 1 (N 13 0 03' 53.4'' E 77 0 36' 50.9'').  

R2 – Sampling point 2 (N 13 0 03' 50.7'' E 77 0 36' 48.1'').  

R3 – Sampling point 3 (N 13 0 03' 45.1'' E 77 0 36' 40.1'').  

ULSOOR LAKE  

Ulsoor lake situated in the eastern part of the city is spread over an area of about 
50 hectares. It has three islands and receives direct industrial and domestic 
wastewaters from the surrounding area of Tannery road, Ulsoor. The 
wastewater is aerated and then let into the lake. It has a park in its vicinity, a 
corporation swimming pool adjacent to the lake. Madras engineering group 
(MEG) uses this lake for boat training. Fish death was reported in this lake in 
leading newspapers on January 26 th , 2005. Figure 8 shows the boundary, 
islands and sampling points in the lake.  
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Figure 8: Location of sampling points in Ulsoor lake.  

Scale – 1:50,000. 

I – Islands.  

U1 – Sampling point 1 (N 12 0 58' 57.9'' E 77 0 37' 20.4'' - Madras engineering group).  

U2 – Sampling point 2 (N 12 0 58' 56.5'' E 77 0 37' 10.4'' - Center of the lake).  

U3 – Sampling point 3 (N 12 0 58' 40.2'' E 77 0 37' 11.6'' - Outlet).  

U4 – Sampling point 4 (N 12 0 59' 10.9'' E 77 0 37' 10.9'' - Near inlet).  

U5 – Sampling point 5 (N 12 0 58' 07.2'' E 77 0 37' 19.5'' - Near fish sales unit).  

TIPPAGONDANAHALLI LAKE  

Tippagondanahalli lake is a large lake, which quests the drinking water needs of 
Bangalore since many decades. The Tippagondanahalli lake is located on the 
boundaries of three taluks namely Bangalore South, Nelamangala and Magadi 
of Bangalore rural district. The Nandi hills and Devarayadurga form the 
catchment area for the lake. The area of the lake is 3.5 sq.miles at maximum 
capacity of 74 feet. However, the lake has not received adequate rain in the 
catchment and hence it is drying due to less inflow of water. The inlet to the 
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lake is River Arkavathi, which takes its origin at Nandi hills. The lake supplies 
40 million liters of drinking water per day to a part of Bangalore city as opposed 
to the maximum capacity of 120 million liters per day due to water shortage. 
Figure 9 gives the sampling points and boundary of the lake.  

 

Figure 9: Location of sampling points in Tippagondanahalli lake.  

Scale – 1: 50,000  

RAUS – River Arkavathi upstream.  

RADS – River Arkavathi downstream.  

S1 – Sampling point 1 (N 77 0 20' 31.2'' E 12 0 58' 9.6'').  
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S2 – Sampling point 2 (N 77 0 20' 16.7'' E 12 0 57' 49.3'' - Near spill over point).  

S3 – Sampling point 3 (N 77 0 21' 3.2'' E 12 0 58' 15.9'' - Near inlet).  

S4 – Sampling point 4 (N 77 0 20' 5.3'' E 12 0 58' 15.9'').  

S5 – Sampling point 5 (N 77 0 20' 47.9'' E 12 0 57' 10.3'' - Near dam - Inlet to filtration unit). 
 
4. REVIEW OF LITERATURE 

Awasthi and Tiwari (2004) studied the seasonal trends in abiotic factors in lake 
Govindgarh, Rewa, Madhya Pradesh. An inverse relationship was observed 
between dissolved oxygen and temperature. The lake was perennial and alkaline 
in nature. The parameters found to show marked seasonal variations include 
temperature, transparency, pH, dissolved oxygen, free carbondioxide, alkalinity, 
calcium, chloride, nitrite and phosphate. The study reveals that Govindgarh lake 
was polluted.  

The impact of urbanization on Bellandur lake, Bangalore was studied by 
Chandrasekhar et al ., (2003). The study shows higher values of alkalinity, BOD 
and COD and low levels of dissolved oxygen indicating the polluted nature of 
the lake. The urbanization of surrounding areas had let to the discharge of 
domestic sewage and industrial effluents into the lake, which contributed to the 
observed trends.  

Maruthanayagam et al., (2003) studied the zooplankton diversity along with the 
physicochemical parameters in Thirukkulam pond, Mayiladuthurai, Tamilnadu. 
Higher density of zooplankton was recorded during the rainy season, with 
copepods forming the dominant group followed by cladocera, rotifera and 
ostracoda. Five species of rotifera, four species of cladocera and three species 
each of ostracoda and copepoda were recorded. The Ostracods even though 
tolerate wide range of ecological factors, did not occur in polluted waters. The 
lower density of zooplankton during the summer months than in the rainy 
months was attributed to higher temperature, decrease in the nutrients and 
thereby the phytoplankton population.  

Pandey et al., (2004) studied the seasonal fluctuation of zooplankton 
community in relation to physicochemical parameters in river Ramjan of 
Kishanganj, Bihar. The collections were dominated by rotifera, followed by 
cladocera and copepoda. Rotifera showed a negative correlation with pH, 
dissolved oxygen and transparency and copepods showed negative correlation 
with water temperature, nitrate and phosphate. The cladocerans also revealed 
negative correlation with pH, transparency and phosphate. This indicates several 
abiotic factors exert a considerable influence on the zooplankton abundance.  
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The physicochemical and zooplankton analysis of the Shendurni river, Kerala 
was studied by Sahib (2004). The dissolved oxygen levels were observed to be 
highly saturated and a direct correlation between dissolved oxygen level and 
zooplankton populations were observed.  

Chakrapani (1996) compared the zooplankton diversity and physicochemical 
analysis of both urban and non-urban lakes. 19 urban and 24 non-urban lakes 
were selected for the study. The zooplankton diversity of some of the urban and 
non-urban lakes was compared with the earlier study. The changes in the 
populations have indicated the influences of pollution on these lakes. Biological 
analysis indicated that lakes such Anekepalya, Bellandur, Chilkkahulimam, 
Harohalli, Kengeri, Kalkere, Nagavara, Nelamangala, Puttenahalli, 
Rachenahalli, Rampura, Tavarakere, Ulsoor, Varthur, Vengaiah, Yellahehalli, 
and Yellamallappuchetty were threatened ecologically and unsuitable for human 
usage.  

Studies on the zooplankton diversity in the evaluation of the pollution status of 
water bodies were carried out by Khan and Rao (1981). The potential effects of 
thermal pollution, nutrient enrichment in eutrophication, interaction of ions, 
toxic substances like heavy metals, halogens, solids, reducing agents, and 
radioactive wastes on aquatic protozoan communities had been studied. Rotifers 
were found to be more sensitive to pollution than other groups of zooplankton. 
Among crustaceans, cyclopoids and cladocerans were found to be associated 
with increasing productivity. The ratio of calanoids to cyclopoids plus 
cladocerans was found to be good indication of trophic condition and valuable 
index of pollution.  

Mahajan (1981) made preliminary studies of the identification of species among 
the zooplankton community, which could serve as indicators of different types 
of pollution. Species of zooplankton which could serve as indicators of thermal 
pollution and stress pollution, Eutrophication, Heavy metal pollution, Pesticidal 
pollution and miscellaneous pollution activities were studied. Toxicity tests 
conducted for the selected species indicate, different groups of zooplankton 
were found to be sensitive to different types of pollutants.  

Chakrabarty et al., (1959) studied the plankton and the physicochemical 
conditions of river Jumna at Allahabad. The zooplankton community was 
represented by rotifera, protozoa, copepoda, cladocerans and ostracoda. The 
rotifers were found to be dominant group followed by protozoa and crustaceans. 
The collections were made during the early morning, midday and in the night 
and vertical migration was noticed by the presence or absence of certain forms 
during the morning, midday, and night collections of the same day. The study 
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shows that water quality, turbidity and temperature have an influence on 
plankton populations.  

The zooplankton diversity of four village ponds - Kadagrahara, Karpur, Side 
Hoskote and Chembenahalli in Bangalore district of Karnataka, was studied by 
Rao et al., (1982). Zooplankton were found to be abundant when compared to 
phytoplankton. Protozoa were found to be richer in variety where as some of the 
rotifers were found to be high in numbers in all the ponds and poorer 
representation of the cladocerans in Kadagrahara, Chembenahalli and Karpur 
ponds because of the high concentrations of ammonia (10-20 mg/L).  

Plankton abundance in relation to physicochemical features of Mancharibele 
reservoir in Bangalore district was studied by Sukumaran and Das (2002). 
Zooplankton population was found to comprise of four major groups, which 
include protozoa, rotifera, cladocerans and copepoda. Protozoa were represented 
by Arcella, Centrophyxis and Difflugia species. However, the numbers were 
found to be less. Rotifers were found to be the second dominant group and were 
represented by a large number of species and genera. Cladocerans density was 
less when compared to rotifers and six species were observed. Copepods were 
found to be represented mainly by Diaptomus and Cyclops nauplii. They were 
found to be the dominant group among the zooplankton. The optimal 
temperature requirement varied for different groups of zooplankton suggesting 
their abundance in different seasons. The high chloride content and temperature 
were also found to favour zooplankton abundance.  

A study on plankton and a few physicochemical features of Milghatta and 
Hutcharayangere tanks in the Malnad region of Karnataka was done by 
Sukumaran et al., (1984). The zooplankton encountered include Protozoa 
(3.54%), Rotifera (2.23%), Cladocera (3.15%), and Copepoda (15.41%) in 
Milghatta tank. The population in the Hutcharayankere tank was very low 
compared to that of Milghatta tank. In Hutcharayankere tank, Copepods where 
the dominant groups (16.54% of the total plankton), whereas other groups were 
rare in occurrence. Since the tanks were low in nutrients these tanks were 
oligotrophic and hence less productive. The low nutrient content in these tanks 
to the red soil present in the region, which had low nutrient and organic matter, 
and also due to aquatic vegetation that takes up nutrients.  

Rao et al., (1982) studied the physicochemical parameters and zooplankton 
diversity of perennial tank, Hutchammankere located near Anekal in Bangalore 
district for the period of two years. Zooplankton community constituted of 
Protozoa (43.09%), Rotifera (39.29%), Cladocera (2.22%), Copepoda (15.21%), 
Ostracoda (0.80%) and Nematodes (0.18%). Increase in temperature was found 
to be favourable for zooplankton multiplication. Turbidity was found to affect 
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phytoplankton production but had less influence on zooplankton. Thus an 
inverse relationship was obtained between phytoplankton and zooplankton in 
relation to turbidity. An inverse relationship was observed between 
phytoplankton and zooplankton because of the grazing effects of zooplankton 
over phytoplankton.  

A study on the physicochemical limnology and productivity of Jaisamand lake, 
Udaipur was conducted by Sharma and Sarang (2004). The zooplankton density 
for Rotifers, Cladocerans and Copepoda varied from 13 to 233 organisms per 
liter. Comparison with earlier work shows of 49 species of zooplankton in 1980-
82. Present record of 21 species indicates the decline in the diversity of 
zooplankton in the Jaisamand lake. A positive correlation of water clarity with 
pH, total alkalinity, Electrical Conductivity, net primary productivity and gross 
primary productivity was observed whereas, a negative relationship was found 
for free carbondioxide and nitrate. The decline in zooplankton population in the 
lake was due to the predatory effect of fish species tilapia.  

Hydrobiological studies of lake Mirik in Darjeeling, Himalayas was done by Jha 
and Barat (2003). Qualitative analysis of zooplankton was carried out and 
cladocerans and copepods were the groups, which were found to represent the 
zooplankton community. Among the copepods Cyclops was found to be the 
most abundant zooplankton followed by Phyllodiaptomus and among the 
cladocerans Moina , Daphnia , Bosmina were recorded. The pH of the lake was 
found to be acidic in nature and other physicochemical parameters and plankton 
analysis confirmed that the lake was polluted due to contaminants let into the 
lake, though the values were diluted due to heavy monsoons. Thus the study 
indicates that the lake cannot be used as a scarcity alternative for drinking water 
supply  

Sunkad and Patil (2004) assessed the water quality of Fort lake Belgaum, 
Karnataka. Zooplankton were represented by four groups, which include 
Rotifers, Cladocerans, Copepods and Ostracods. Rotifers were found to 
contribute to the zooplankton richness of the Fort lake accounting 52.38% 
followed by copepoda 26.5%, Cladocerans 16.45% and Ostracods 4.67%. The 
dominance of rotifers in the lake was due to the continuous supply of food 
material which inturn indicates the eutrophic nature of the lake. The level of 
phosphates in the lake was high (7.2 to 13.6 mg/L) due to the entry of sewage 
into the lake and hence supported the cause of eutrophication. Hence the lake 
was highly unsuitable for drinking water purposes.  

Seasonal distribution of the population structure of zooplankton was studied in 
connection with physicochemical parameters in an experimental perennial fish 
culture pond in Calcutta, West Bengal by Sarkar and Choudary (1999). 17 
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species under 13 genera of zooplankton was observed. Rotifers expressed 
superiority in the species richness followed by cladocerans and copepods. 
However, the cladocera was found to be the most abundant group followed by 
copepods and rotifers. Shannon index for zooplankton was found to vary in the 
pond. A significant multiple correlations involving the fluctuations of 
zooplankton number and concentration changes of dissolved oxygen, 
temperature, total alkalinity, total nitrogen, phosphate and pH were found. Thus, 
the study confirms the influence of these abiotic factors on zooplankton 
population.  

Zooplankton community structure and its relation to physicochemical 
parameters in lake Tasek, a tectonic lake in Garo hills, India was investigated by 
Das et al., (1996). Shannon diversity index (H'), Evenness index (J) and Species 
Richness index (S) were calculated. About 18 taxa of zooplankton were 
recorded of which 3 each belonged to Copepods and Cladocerans, 10 to Rotifers 
and 2 to protozoa. The correlation analysis among diversity, evenness and 
richness values revealed close relationship between H' and J, but neither was 
related to S. Evenness (J) was negatively correlated to zooplankton density, but 
Species Richness was positively correlated. Zooplankton densities were found 
to exhibit significant positive relationships with phytoplankton densities, pH 
and alkalinity. Low values of conductivity, alkalinity, nitrates and phosphates 
found in lake Tasek were suggestive of its oligotrophic nature. The abundance 
of copepods also indicated the stable environmental conditions. Since 
zooplankton densities exhibited the significant positive relationships with 
phytoplankton densities, pH and alkalinity, these variables were the important 
factors governing the abundance of zooplankton in lake Tasek.  

Raut and Pejaver (2003) studied the rotifer diversity of three macrophytes 
infested lakes from Thane city, Maharashtra that include Lake Ambegosale, 
Lake Rewale, Lake Makhmali. Rotifera with 19 species belonging to 9 genera 
were obtained. This was compared with uninfested lakes in which only 10 
species belonging to 6 genera were obtained. The study shows that the 
macrophytes help to increase the diversity of rotifers and rotifer population 
varied between mesotrophic and oligotrophic lakes.  

Zooplanktonic diversity of 6 ponds of Durg-Bhillai city, Chhatisgarh state was 
studied by Anil kumar et al., (2004). Rotifers and copepods were found to be 
predominant group. The rotifers were represented by 5 species of Brachionus 
and 1 species of Tesdinella , indicating eutrophicated status. Copepods were 
mainly dominated by Mesocyclops species and cladocerans, the least abundant 
group comprise Moina species and Ceriodaphnia species. Ostracods were also 
observed in their collection with Cypris species being the dominant organism. 
Ostracods were also found to show diurinal variation between day (206 
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organisms/m 3 ) and night samples (555 organisms/m 3 ). The predominance of 
rotifers and copepods indicate the nutrient availability in these ponds.  

Das (2002) studied the dynamics of net primary production and zooplankton 
diversity in brackish water shrimp culture pond in northern part of Ganjam 
district, Orissa. Significant negative correlation was noticed between net 
primary production and zooplankton population. Copepods and rotifers were 
found to be the dominant groups among zooplankton. The zooplankton 
population varied with different seasons of the year with rainy and summer 
seasons showing the minimal density in zooplankton population.  

Patil and Shrigur (2004) studied the morphology and identification 
characteristics of four copepods species namely Thermocyclops crassus, 
Mesocyclops leukarti, Apocyclops royi (order cyclopidae) and Eudiaptomus 
gracilis (order Calanoida and family Diaptomidae). The study was conducted in 
government fish farm, Goregaon, Mumbai. Eudiaptomus gracilis and 
Apocyclops royi were the first record for Mumbai.  

Zooplankton diversity in five major coalfields areas in Jharkhand was studied 
by Saha (2004). Seventy species of zooplankton were recorded in this study. 
Cladocerans and rotifer were abundant groups (9 species each) followed by 
seven species of copepoda, and one species of ostracoda. The species were 
resistant to coal dust and indices for richness, diversity and evenness of the 
zooplankton did not present a trend in the dynamics of the plankton community. 
The evenness (J) showed insignificant relationship with species diversity index 
(H'), species richness (S) showed negative relationship with species diversity 
index values. The overall diversity of plankton was low due to high alkalinity of 
water due to fly ash deposition.  

Chakrapani (1996) studied the plankton diversity of Sixty one lakes of 
Bangalore and report zooplankton falling under five major groups - protozoa, 
rotifera, cladocera, copepoda and ostracoda. Fourteen forms of protozoa, twenty 
nine forms of rotifera, six forms of cladocera, four forms of copepoda and five 
forms of ostracoda were recorded. On the overall sixty two forms of 
zooplankton were observed including five unidentified forms. The appearance 
of intermediary stages of Rabditis species in five lakes indicates the presence of 
potential human parasites.  

Venkataraman et al., (2001) studied the faunal diversity of the wetlands in the 
Indian Botanical Garden, Haora, West Bengal. About 55 species of zooplankton 
belonging to 6 different groups - Hydrozoa (1 species), Copepoda (4 species), 
Ostracoda (5 species), Cladocera (38 species) Conchosraca (1 species) and 
Rotifers (3 species) had been observed. Larger Cladocerans, Daphnia species 



 41 

 
 
 
 

were not recorded in the study because of high predation pressure by fish and 
macroinvertebrates. Due to increasing utilization of wetlands of Indian 
Botanical Gardens for pisciculture and due to other anthropogenic interferences, 
the bioaquatic environments of these lakes had been rapidly altered. The faunal 
diversity was dependent on the plants as well as the size of the wetland 
concerned and inversely related to anthropogenic activities. 

Pandit (1999) studied the zooplankton diversity and analysed the general trophic 
structure of the plankton community in five different wetlands of Kashmir. 
Among the 141 species of zooplankton observed were 61 species of protozoa, 
29 species of rotifers, 35 species of cladocerans, 13 species of copepoda and 3 
species of ostracoda. The scheme depicting the generalized type of food web 
prevalent in the wetland with respect to zooplankton had been formulated. The 
study revealed the gradual decrease in the number of zooplankton species and 
increased primary productivity due to eutrophication. The eutrophication 
affected the species composition, biomass and structure of zooplankton 
community thus leading to rapid increase in the both density and biomass of 
phytoplankton community as compared to herbivores.  

Alam and Khan (1998) reported the first record of cladoceran Leydigia 
acanthocercoides (Family: Chydoridae) from Aligarh, Uttar pradesh. 9 species 
belonging to 6 genera had been recorded. The female organism of Leydigia 
acanthocercoides had been described giving the characters of taxonomic 
importance. The species were found to inhabit the aquatic weeds in polluted 
ponds.  

Sinha (2002) reported the first record of cladoceran Bosmina tripurae from 
wetlands of Botanical gardens, Guwahati, Assam. The species was found to 
occur in association with other cladocerans namely Daphnia species, 
Ceriodaphnia species, Moina species, and Simocephalus species. The female 
organism of Bosmina tripurae had been described giving the characters of 
taxonomic importance. The study reveals the species extension in Assam, which 
had earlier been reported from Tamilnadu.  

Banik (2002) reported 2 species of genus Collotheca ( Collotheca tetralobata 
and Collotheca hexalobata ) from the littoral regions of shallow water wetlands 
of Agartala, Tripura. Collotheca tetralobata was reported to differ from closely 
resembling Collotheca ornata by the presence of 2 longer lobes and 2 shorter 
lobes, paired lateral antennae, very long holdfast and interlobal cilia and the 
absence of pentagonal arrangement of 5 short lobes and very reduced holdfast. 
Collotheca hexalobata is characterized by the presence of 6 lobes, longer 
holdfast and it's broad and oval base and by the absence of pentagonal 
arrangement of tubular lobes, interlobal cilia, greatly reduced holdfast with 
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small and round base and a transparent lorica. The species, its ecological 
characteristics like physicochemical conditions of water, plant substrata 
preference and seasonal occurrence had been recorded. The species mostly 
occurred during summer and only one individual was recorded during winter.  

Freshwater cladocerans of Andaman and Nicobar islands was studied by 
Venkataraman (2000) in a total of 106 freshwater habitats which include ponds, 
marshes, reservoirs, rice fields, dams, streams, rainwater pools. The 
zooplankton samples were collected by dragging the net close to the bottom 
among vegetation and clear water. 38 species belonging to 21 genera of 5 
families were observed of which 24 were chydorids and 14 nonchydorids. The 
selected 7 stations were compared by the Sorensen index of similarity and Koch 
index of biotic diversity. The indices from Andaman group of islands were 
found to be high which inturn indicated the small number of species involved 
and their wide distribution. However, the indices for the Nicobar group of 
islands were found to be comparatively lower because of the influence of erratic 
occurrence of eurytropic species such Moina micruta , Ceriodaphnia cornuta 
and Macrothrix spinosa . The cladoceran proliferation was found to be affected 
during rainy season.  

Siddiqi and Chandrasekhar (1996) reported the new distributional record of 
Trichotria tetratis and Daphnia lumholtzi from Kolleru lake Andhra pradesh. 
Trichotria tetratis occurred in waters of high conductivity (130mS/m) and 
higher total alkalinity and total hardness. The phosphorus and other heavy metal 
ion were also high in the region where the species had been recorded. Thus, 
Trichotria tetratis could be used as a pollution indicator for eutrophic conditions 
as the species had also been reported from sewage polluted tank.  

Venkataraman and Das (1995) reported 2 species of cladoceran, Sida crystallina 
and Acroperus harpae from Tripura state. Diagnostic characters of both the 
species had been described. Body of the Sida crystallina was cylindrical and 
oblong. Antennules short, truncate with short flagellum. Post abdomen narrow 
anteriorly with 14 lateral spines and lateral setae above. Claw has four basal 
spines with row of setae. Body of Acroperus harpae was evenly rounded 
dorsally, head keel present, maximum height in the middle. Posterior margin 
was convex and slightly shorter than the maximum height of the body. Rostrum 
blunt, with antennules not reaching the apex of rostrum. Ocellus was small and 
situated closer to the eye than to the apex of rostrum. Post abdomen long with 
very small spines and 13 to 15 groups of lateral setae that decrease in size 
proximally. Claw was long and slightly curved dorsally.  

Venkataraman and Das (1994) reported the occurrence of Moina weismanni , 
which was the new record for West Bengal. The male and female organisms of 
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the species had been described. Body size of Moina weismanni was 1.23mm 
and it possesses a supraocular depression and broadly rounded head, which had 
been reported as the characteristic features of this species. The post abdomen 
has a row of 7 – 9 feathered teeth along with a bident tooth on either side. The 
dorsal surface of the post abdomen is also provided with small spines. The claw 
is long with basal dorn at the proximal region. This species was found as an 
extension to Northeastern India apart from earlier reported regions of Gujarat 
and Tamilnadu.  

Venkataraman (1999) studied the freshwater cladocera of southern Tamilnadu. 
Plankton net was dragged among the vegetation close to the bottom of the 
shallow waters in marshes to collect zooplankton. Oblique hauls were taken 
from the shores of manmade reservoirs and ponds. The study revealed the 
occurrence of 46 species of cladoceran belonging to 23 genera and 5 families. 5 
species of Daphnia were observed, which were considered as limnetic cladocera 
found in temperate region. The study shows that temperature plays an important 
role in the species diversity and species size of cladocera.  

Venkataraman (1995) reported on the cladocera males of Indian region. The 
Cladoceran samples were collected in Tamilnadu, Rajasthan, Andaman and 
Nicobar Islands and West Bengal from various types of habitat such as rice 
fields, marshes, ponds, lakes, reservoir, streams, and rivers. A total of 16 species 
of freshwater Cladoceran male were reported in the study. In tropical and 
subtropical latitudes of India, males appear for a very short period and in small 
numbers. The adult males were not found to be similar to adult females, 
however, juveniles of males were found to have some similarity.  

Zehra and Altaff (2002) redescribed the cyclopoid copepod Mesocyclops 
aspericornis from an Indian pond. The body of the species was transparent, 
cylindrical, elongated and distinctly segmented into four prosomal and five 
urosomal somites, whereas the body of the male was divided into four prosomal 
and six urosomal somites. The features such as antennae, antennule, legs 1 to 6 
(P1 to P6) and also some of the species-specific characters of this organism had 
been described.  

Sampaio et al studied the species composition and abundance of zooplankton 
community of 7 reservoirs of Paranapanema river, Brazil. Plankton samples 
were collected from the limnetic region of all reservoirs in each season. 
Diversity was evaluated using Shannon-Weiner index and Sorensen index. 
From 27 analysed samples in 7 reservoirs, a total of 76 species of rotifers, 2 
species of calanoid copepods, 5 species of cyclopoid copepod and 26 species of 
cladocerans were recorded. The values for the Shannon-Weiner index varied 
from 1.5 to3.0 among the reservoirs. The Sorensen index showed that the 
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similarity among the reservoirs was low. A positive relationship between the 
trophic state of reservoir and diversity of zooplankton community was recorded. 
Among the reservoirs surveyed, the oldest reservoirs had the highest species 
diversity and hence indicated a stable environment.  

Gyllstrom and Hansson (2004) studied the induction, termination and 
importance of benthic – pelagic coupling in the dormancy of zooplankton. The 
induction of dormancy was almost exclusively seasonal, which were dependant 
on temperature, photoperiod, food quality and quantity and other abiotic factors. 
The general factors were found to influence zooplankton growth, reproduction 
and mortality were water level, salinity, pH, nutrients, photoperiod and 
temperature, interspecific and intraspecific competition, invertebrate predation, 
vertebrate predation, and food quality and quantity.  

The effect of temperature and viscosity on the ingestion rates of Daphnia 
galeata and Chydorus sphaericus was investigated with H 3 labelled 
Scenedesmus quadricaudas by Loiterton et al., (2004). Both Daphnia galeata 
and Chydorus sphaericus were cultured in the laboratory and the temperature 
and viscosity were changed and the ingestion rates monitored. The ingestion 
rates of Daphnia galeata was observed to be decreased to 50% and 80% at low 
temperature (100C) and increased viscosity respectively.  

Whitman et al., (2004) characterized the lake Michigan coastal lakes using 
zooplankton assemblages. Zooplankton assemblages and water quality were 
examined in 11 northeastern lake Michigan coastal lakes of similar origin but 
varied trophic structure and limnological condition. Zooplankton samples were 
collected by vertical tows from 1 m from the lake bottom to the surface using a 
Wisconsin net. A total of 85 taxa were identified from 11 study lakes. The 
Shannon diversity index (loge) based on the lakes averages ranged from 2.07 to 
2.29. Strong correlations were observed between differences in lake trophic 
status and zooplankton community. The rotifers were found to be the best 
indicators of trophic status when compared to the other groups.  

Pandey and Verma (2004) studied the influence of catchment on chemical and 
biological characteristics of Baghdara lake and Udai Sagar lake in Southern 
Rajasthan. The two lakes were of constrasting features with Baghdara lake 
receiving runoff from undisturbed woodlands ad Udai Sagar lake receiving 
runoff from urbanized regions. The physicochemical and biological analysis of 
both the lakes reveals that Udai Sagar lake was polluted and reaching eutrophic 
condition, whereas Baghdara lake was unpolluted. The study also shows that the 
dredging of sediment containing phosphorus as a restoration measure for 
eutrophic lakes was effective.  
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5. MATERIALS AND METHODS  
 

 
SELECTION OF LAKES  

Out of the 81 existing lakes in Bangalore lakes (Lakshman Rau, 1986), 4 lakes 
were selected based on the current status and use values. The table 4 represents 
the lakes and their usage and present status.  

Table 4: The selected lakes and their use values  
Lakes  Usage  

1. Sankey  Recreation, religious.  
2.Rachenahalli  Agricultural and washing of clothes.  
3. Ulsoor  Boat training to Madras Engineering Group (MEG).  
4. Tippagondanahalli  Drinking.  

SELECTION OF SAMPLING POINTS  

The sampling points were selected so as the water samples represent the entire 
lake. The GPS location of all the sampling points was noted down. The maps of 
each lake were digitized using MAPINFO professional 6.0 to show the exact 
location of sampling points and other features. The parameters such as pH, 
Temperature (Water and Air), Electrical Conductivity, Total Dissolved Solids 
and Dissolved oxygen were analysed in the sampling spots. The water samples 
for both physico-chemical, phytoplankton and zooplankton analysis were 
collected simultaneously in all sampling points. The water for physico-chemical 
analysis was collected in 1-liter plastic cans.  

5.1 PHYSICOCHEMICAL ANALYSIS  

The water quality analysis of the lakes gives the exact nature, cause and levels 
of the pollutants, if any. The physical parameters such as temperature and 
turbidity play an important role in lake productivity. The levels of chemical 
parameters including the pH, dissolved gases, dissolved minerals and nutrients 
decide the quality of lake water. The methods adopted for water quality analysis 
are listed in Table 5. 

Table 5: Methods for physicochemical and biological analysis 
TOLERANCE LIMIT*  

PARAMETERS  METHOD USED  
Drinking  Inland 

waters 
Physical:      
Turbidity, NTU  Turbidity tube method 10  -  
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Water temperature, 
°C  

Temperature sensitive 
probe  

-  40  

Air temperature, °C  Mercury thermometer  -  -  
EC, m S/cm  Electrometric method  -  -  
TDS, mg/L  Electrometric method  500  200  
Chemical:      
pH  Electrometric method  6.5 to 8.5  5.5 to 9.0  
Free CO2 , mg/L  Titrimetric method  -  -  

DO, mg/L  Winkler's iodometric 
method  

6.0  3.0  

Chlorides, mg/L  Titrimetric method  250  1000  
Total alkalinity, 
mg/L  

Titrimetric method  200  -  

Total hardness, 
mg/L  

Titrimetric method  300  -  

Calcium hardness, 
mg/L  

Titrimetric method  75  -  

Magnesium 
hardness, mg/L  

Titrimetric method  30  -  

Sulphates, mg/L  Spectrophotometric 
method  

150  1000  

Nitrates, mg/L  Spectrophotometric 
method  

45  100  

Phosphates, mg/L  Spectrophotometric 
method  

-  5  

Sodium, mg/L  Flame photometric 
method  

-  -  

Potassium, mg/L  Flame photometric 
method  

-  -  

Mercury, mg/L  Spectrophotometric 
method  

0.001  0.01  

Chromium, mg/L  Spectrophotometric 
method  

0.05  0.1  

Iron, mg/L  Spectrophotometric 
method  

0.3  -  

Biological:      
Coliforms  Hydrogen sulphide 

strip test  
-  -  

* - The tolerance limit is as prescribed by the Indian Standards Institution 
(IS 10500-1989). 
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The description of methods used for each physicochemical parameters and the 
significance of each parameter is discussed in the following section.  

pH  

pH is defined as the intensity of the acidic or basic character of a solution at a 
given temperature. pH is the negative logarithm of hydrogen ion concentration. 
pH = - log[H+]. pH values from 0 to 7 are diminishingly acidic, whereas values 
of 7 to 14 are increasingly alkaline. At 250C, pH 7.0 is neutral, where the 
activities of the hydrogen and hydroxyl ions are equal and it corresponds to 10-7 
moles/L. The neutral point is temperature dependant and is pH 7.5 at 00C and 
pH 6.5 at 600C. The pH of natural water usually lies in the range of 4.4 to 8.5.  

The basic principle of electrometric pH measurement is of the activity of 
hydrogen ions by potentiometric measurement using a standard hydrogen 
electrode and a reference electrode. Glass electrode is also used instead of 
hydrogen electrode. The electromotive force (emf) produced in the glass 
electrode system varies linearly with pH.  

INSTRUMENT: Instrument for the measurement of pH, Temperature, 
Electrical conductivity and Total Dissolved Solids (Model: Combo) 
manufactured by Hanna Instruments (P) Ltd.  

REAGENTS:  

For the calibration of pH meter, buffer solutions were used.  

•  Potassium hydrogen phthalate buffer:  

Dissolved 10.2 g of potassium hydrogen phthalate in water to prepare 1000ml of 
buffer. The pH of the buffer at 200C was 4.  

•  Phosphate buffer:  

Dissolved 3.4 g of potassium dihydrogen phosphate and 4.45 g Na3HPO4.2H2O 
in water to prepare 1000ml of buffer. The pH of the buffer at 200C was 6.9.  

•  Borax buffer:  

Dissolved 3.81 g of Na2B4O7.10H2O in water to prepare 1000ml of buffer. The 
pH value of the buffer at 200C was 9.22.  

PROCEDURE: The pH meter was calibrated with buffer solutions and the 
instrument was immersed in a well-mixed sample and readings were noted 
down (Ramteke and Moghe, 1988).  
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TEMPERATURE  

Measurement of temperature is an important parameter required to get an idea 
of self-purification of reservoirs and lakes. Water temperature plays an 
important role in aquatic ecosystem health. The temperature of drinking water 
has an influence on its taste.  

Temperature is measured based on the rise in the mercury levels on a graduated 
scale. The electrometric method of temperature measurement is based on the 
temperature sensitive electrodes.  

INSTRUMENT: Instrument for the measurement of pH, Temperature, 
Electrical conductivity and Total Dissolved Solids (Model: Combo) 
manufactured by Hanna Instruments (P) Ltd.  

PROCEDURE: The instrument was immersed in a thoroughly shaken water 
sample and the readings (in 0C) were noted down (Ramteke and Moghe, 1988). 
Air temperature was obtained using Mercury thermometer.  

CONDUCTIVITY  

Conductivity is a numerical expression of the ability of an aqueous solution to 
carry electric current. This ability depends on the presence of ions, their total 
concentration, mobility, valence and relative concentrations and on the 
temperature of measurement. Conductivity measurements can be used to 
calculate total dissolved solids by multiplying conductivity (in µS/cm) by an 
empirical factor, which vary between 0.55 to 0.9, depending on the soluble 
components of the water and the temperature of measurement.  

The instrument used for conductivity measurement consists of source for 
alternating current, a Wheatstone bridge, a null indicator and a conductivity cell. 
The conductivity cell measures the ratio of alternating current through the cell 
to the voltage across it.  

INSTRUMENT: Instrument for the measurement of pH, Temperature, 
Electrical conductivity and Total Dissolved Solids (Model: Combo) 
manufactured by Hanna Instruments (P) Ltd.  

PROCEDURE: The Electrical Conductivity (EC in µS/cm) of the water samples 
was obtained by immersing the electrodes in a well-mixed sample (Ramteke and 
Moghe, 1988).  

TOTAL DISSOLVED SOLIDS  
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Total Dissolved Solids (TDS) are the infiltrable solids that remain as residue 
upon evaporation and subsequent drying at defined temperature. It gives the 
measure of ions dissolved in the water.  

In the electrometric measurement of Total Dissolved Solids, the conductivity 
measurements are used to calculate Total Dissolved Solids by multiplying 
conductivity (µS/cm) by an empirical factor, which vary between 0.55 to 0.9, 
depending upon the soluble components and temperature of measurement.  

INSTRUMENT: Instrument for the measurement of pH, Temperature, 
Electrical conductivity and Total Dissolved Solids (Model: Combo) 
manufactured by Hanna Instruments (P) Ltd.  

PROCEDURE: The Total Dissolved Solids (in mg/L) of the water samples were 
obtained by immersing the electrodes in a well-mixed sample (Ramteke and 
Moghe, 1988).  

TURBIDITY  

Suspension of particles in water interfering with the passage of light is called 
turbidity. Turbidity is caused by wide variety of suspended matter, which range 
in size from colloidal to coarse dispersion depending upon the degree of 
turbulence and also ranges from pure inorganic substances to those that are 
highly organic in nature. Turbid waters are undesirable from aesthetic point of 
view in drinking water supplies.  

Turbidity measurement using turbidity tube method is based on the visual 
interpretation of the turbidity of water. The visual appearance of black cross 
mark at the bottom of the tube, through the open end is used for turbidity 
measurement.  

INSTRUMENT: Turbidity tube - manufactured by Jal-Tara.  

PROCEDURE: A well-mixed sample is poured into the cleaned turbidity tube 
that was placed above the white sheet placed on the floor. The open end of the 
tube was observed to visualize the black markings from the distance of 7 to 
10cm. The level of water at which the black mark was seen was noted down.  

DISSOLVED OXYGEN  

Dissolved oxygen (DO) in water affects the oxidation-reduction state of many 
of the chemical compounds such as nitrate and ammonia, sulphate and sulphite, 
and ferrous and ferric ions. It is extremely useful in self-purification of water 
bodies. The reduction in DO levels causes anaerobic condition in water and 
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adversely affects the aquatic biota. Much of the DO in water comes from the 
atmosphere due to wind action. Algae and rooted aquatic plants also give out 
oxygen into water through photosynthesis. The oxygen content of natural water 
varies with temperature, salinity, turbulence, the photosynthetic activity of algae 
and higher plants and the atmospheric pressure. Variations in the amount of DO 
occur over a day. This is due to photosynthetic and respiratory processes of 
algae and higher plants.  

When manganous sulphate is added to the sample containing alkaline potassium 
iodide, manganous hydroxide is formed, which is oxidized by the dissolved 
oxygen in the sample to basic manganic oxide. The basic manganic oxide 
liberates iodine equivalent to that of dissolved oxygen originally present in the 
sample. The liberated iodine is titrated with standard solution of sodium 
thiosulphate using starch as the indicator. 

MnSO4+ 2 KOH Mn (OH)2 + K2SO4 

2Mn (OH)2+ O2(Dissolved oxygen) 2MnO (OH)2 

[Basic manganic oxide] 

[Brown colour precipitate] 

MnO (OH)2 + 2H2SO4  Mn (SO4)2 + 3H2O  

[manganic sulphate] 

Mn (SO4)2 +2KI MnSO4+ K2SO4 + I2 

2Na2S2O3+ I2 Na2S4O6+ 2NaI  

REAGENTS:  

•  Manganous sulphate solution:  

Dissolved 100 g of manganous sulphate in 200ml of distilled water and heated 
to dissolve salt and filtered after cooling.  

•  Alkaline potassium iodide solution:  

Dissolved 100 g of KOH and 50 g of KI in 200ml of preboiled distilled water.  

•  Sodium thiosulphate 0.025 N:  

Dissolved 24.82 g of sodium thiosulphate in a preboiled distilled water and 
made up to the volume of 1 liter. Added a pellet of sodium hydroxide as a 
stabilizer. The concentration of the solution was 0.1 N. Diluted to 4 times to 
prepare 0.025 N standard solution.  
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•  Starch indicator solution:  

Dissolved 1 g of starch in 100ml of distilled water and warmed for complete 
dissolution.  

•  Potassium dichromate, 0.1 N:  

Dissolved 1.2257 g potassium dichromate in distilled and made upto 250ml in a 
volumetric flask. The concentration of the solution was 0.1 N.  

•  Concentrated sulphuric acid.  

PROCEDURE:  

Standardization of sodium thiosulphate: About 100ml of boiled, cooled distilled 
water was taken in 500ml standard flask. Added 3 g of potassium iodide and 2 g 
of sodium bicarbonate and mixed well. Added 6ml of concentrated hydrochloric 
acid and pipetted out 25ml of 0.1 potassium dichromate solution. Covered the 
flask with a watch glass and kept in the dark for 5 minutes. Made up the volume 
to 250ml with boiled, cooled distilled water. Titrated against sodium 
thiosulphate until the solution changed yellowish green in colour. 1ml of starch 
was added. The titration was continued until the colour changes from blue to 
light green.  

Determination of Dissolved Oxygen: The sample was collected in 125ml BOD 
bottle carefully without allowing air bubbles. Added 1ml of manganous sulphate 
and 1ml of alkali iodide – azide reagent. A brown precipitate of basic manganic 
oxide formed was allowed to settle. Added 1ml of concentrated sulphuric acid 
and mixed well until the precipitate dissolved. About 25ml of the solution was 
taken and titrated against sodium thiosulphate until a straw yellow colour 
appeared. Few drops of starch indicator was added and titrated again until the 
blue colour disappeared (Manivasakam, 1997).  

CALCULATION:  

 

Where,  

V1 = Volume of sample bottle  

V2 = Volume of contents titrated  
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V = Volume of MnSO4 and KI added (2ml)  

FREE CARBONDIOXIDE  

Free carbondioxide in the waters accumulates due to microbial activity and 
respiration of organisms. This imparts the acidity to the waters because of the 
formation of carbonic acid.  

Free carbondioxide reacts with sodium carbonate or sodium hydroxide to form 
sodium bicarbonate. Completion of the reaction is indicated titrimetrically by 
the development of pink colour with phenolphthalein as the indicator.  

REAGENTS:  

•  Sodium hydroxide, 0.05N:  

Dissolved 40 g of sodium hydroxide in boiled CO2 free distilled water and made 
up the volume to 1 liter. The solution was filtered to remove Na2CO3 . This gave 
0.1 N NaOH solution. Diluted the solution 20 times to prepare 0.05 N solution.  

•  Phenolphthalein indicator solution:  

Dissolved 0.5 g of phenolphthalein in 50ml of distilled water. 0.05 N Sodium 
hydroxide solution was added dropwise until the solution just turned pink.  

PROCEDURE: About 100ml of the sample was taken in a conical flask and 
added a few drops of phenolphthalein indicator. The solution was titrated 
against 0.05 N sodium hydroxide. The endpoint is the appearance of pink 
colour.  

NOTE: The colour change to pink after the addition of phenolphthalein to the 
sample, but before titration indicates the absence of free carbondioxide (Trivedy 
and Goel, 1987).  

CALCULATION:  

 

CHLORIDES  

Chloride anion is generally present in natural waters. The presence of chloride 
in natural waters can be attributed to the dissolution of salt deposits, irrigation 
drainage and sewage discharges. Human excreta, particularly urine also 
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contributes to high amount of chlorides. A high chloride content also has a 
damaging effect on agricultural crops.  

In a neutral or slightly alkaline solution, potassium chromate indicates the 
endpoint of silver nitrate titration of chloride. Silver chloride is precipitated 
quantitatively before sufficient quantity of silver chromate is formed.  

Ag+ + Cl- AgCl (White precipitate)  

Ag+ + CrO4
- AgCrO4 (Brick red precipitate)  

REAGENTS:  

•  Potassium chromate indicator:  

About 5 g potassium chromate is dissolved in 100ml of distilled water.  

•  Silver nitrate 0.0141 N:  

Dissolved 2.395 g silver chromate and diluted to 1000ml.  

•  Sodium chloride 0.0141 N:  

Dissolved 824.1mg of predried sodium chloride and diluted to 1000ml.  

1ml = 0.5mg of Cl- 

PROCEDURE:  

Standardization of silver nitrate: About 25ml of 0.0141 N sodium chloride was 
taken in a conical flask and 2ml of potassium chromate indicator was added. 
The solution was titrated against silver nitrate until a brick red precipitate of 
silver chromate appeared. The volume of silver nitrate consumed was noted 
down (Ramteke and Moghe, 1988).  

Determination of chlorides in the sample: About 25ml of water sample was 
taken in a conical flask and 2ml of potassium chromate indicator was added. 
The solution was titrated against standardized silver nitrate until a brick red 
colour precipitate of silver chromate started precipitating. The volume of silver 
nitrate consumed was noted down.  
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CALCULATION 

:  

ALKALINITY  

Alkalinity of water is its acid neutralizing capacity. Alkalinity of surface water 
is primarily a function of carbonate and hydroxide content and also includes the 
contributions from borates, phosphates, silicates and other bases.  

Alkalinity is a measure of amount of strong acid needed to lower the pH of a 
sample to 8.3, which gives free alkalinity (phenolphthalein alkalinity) and to a 
pH 4.5 gives total alkalinity. Total alkalinity is the sum of hydroxides, 
carbonates and bicarbonates.  

REAGENTS:  

•  0.1 N sulphuric acid:  

Diluted 2.8ml of concentrated sulphuric acid to 1L using distilled water to get 
0.1 N sulphuric acid.  

•  1 N sodium carbonate solution:  

Weighed accurately 13.25 g of anhydrous sodium carbonate and dissolved in 
distilled water and made upto 250ml volumetric flask.  

•  Phenolphthalein indicator:  

Dissolved 0.5 g of phenolphthalein in 50ml of 95% ethyl alcohol. Added 50ml 
of distilled water and 0.02 N sodium hydroxide dropwise till a faint pink colour 
appeared.  

PROCEDURE:  

Standardization of sulphuric acid: About 50ml of 1 N sodium carbonate solution 
was taken in a conical flask and added few drops of methyl orange. Titrated 
against 0.1 N sulphuric acid until the colour changed from yellow to orange.  

Phenolphthalein Alkalinity: About 25ml of water samples was taken in a conical 
flask. Added 3-4 drops of phenolphthalein indicator. The solution remained 
colourless and hence indicated the absence of phenolphthalein alkalinity.  
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Total Alkalinity: Added 3-4 drops of methyl orange to the same sample. The 
solution turned yellow which was titrated against 0.02 N sulphuric acid until the 
colour changed to orange. The volume of sulphuric acid consumed was noted 
down (Sunil kumar and Shailaja, 1998).  

CALCULATION:  

 

HARDNESS  

The hardness of water is the measure of the capacity of the water to react with 
soap. Calcium and magnesium are the principal cations that impart hardness. 
The total harness of water therefore reflects the sum total of alkaline metal 
cations present in it. Hardness caused by bicarbonates and carbonates of 
calcium and magnesium cations is called temporary hardness. Sulphates and 
chlorides of calcium and magnesium cause permanent hardness. Natural 
hardness of water depends upon the geological nature of the catchment area. 
Hardness plays an important role in the distribution of the aquatic biota and 
many species are identified as indicators for hard and soft waters. The degree of 
hardness of drinking water has been classified in terms of equivalent CaCO3 
concentration as follows:  

Soft – 0 to 60 mg/L  

Medium – 60 to 120 mg/L  

Hard – 120 to 180 mg/L  

Very hard – more than 180 mg/L  

In an alkaline condition, EDTA reacts with Ca and Mg to form a soluble 
chelated complex. Ca and Mg ions develop wine red colour with Eriochrome 
Black T. When EDTA is added as a titrant, Ca and Mg divalent ions gets 
complexed resulting in a sharp change from wine red to blue which indicates 
end point of the titration. At higher pH, about 12.0, Mg2+ ions precipitate and 
only Ca2+ ions remain in the solution. At this pH, murexide indicator forms a 
pink colour with Ca2+ . When EDTA is added Ca2+ gets complexed resulting in 
the change from pink to purple, which indicates end point of the reaction.  

Metal + Indicator Metal – Indicator (complex)  

Metal – Indicator + EDTA Metal – EDTA + Indicator  
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REAGENTS:  

•  Buffer solution:  

Dissolved 16.9 g ammonium chloride in 143ml of ammonia solution. Added 
1.25 g of magnesium salt of EDTA to obtain a sharp colour change of indicator 
and diluted to 250ml.  

•  Inhibitor solution:  

Dissolved 4.5 g hydroxylamine hydrochloride in 100ml of 95% ethyl alcohol or 
isopropyl alcohol.  

•  Eriochrome Black T:  

Mixed 0.5 g of the dye with 100 g sodium chloride to prepare a ground dry 
powder.  

•  Murexide indicator:  

Prepared a ground mixture of 200mg of murexide with 0.2 g ammonium 
purpurate and 40 g potassium sulphate.  

PROCEDURE:  

Total Hardness: To 25ml of the well-mixed sample taken in a conical flask, 2ml 
of buffer solution and 1ml of Sodium hydroxide was added. A pinch of 
eriochrome black T was added and titrated immediately against 0.01 M EDTA 
till the wine red colour changes to blue.  

Calcium Hardness: To 25ml of the well-mixed sample taken in a conical flask, 
1ml of sodium hydroxide was added to raise the pH to 12.0 and titrated 
immediately with EDTA till the pink colour changes to purple. The volume of 
EDTA consumed for total hardness and calcium hardness were noted down 
(Ramteke and Moghe, 1988).  

CALCULATION 

:  
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SULPHATES  

Sulphate ions usually occur in natural waters. They contribute to the permanent 
hardness. Sources of sulphates are mainly sulphate rocks such as gypsum 
(calcium sulphate) and sulphur minerals such as pyrites and also due to air and 
water pollution. Sulphates contribute to the total solids content and in a reduced 
and anaerobic condition produce hydrogen sulphide, which gives a rotten egg 
odour to the water.  

Sulphate ions are precipitated as barium sulphate in acidic medium with barium 
chloride. The absorption of light by this precipitated suspension is measured 
spectrophotometrically at 420nm.  

Ba2++ SO4
2- BaSO4(white precipitate)  

INSTRUMENT: Spectrophotometer – PRIM Light and Advanced 70C10382 
with LCD display manufactured by Secomam, France.  

REAGENTS:  

•  Conditioning reagent:  

Mixed 50ml of glycerol with a solution containing 30ml concentrated 
hydrochloric acid, 300ml distilled water, 100ml 95% ethyl alcohol and 75 g 
sodium chloride.  

•  Standard sulphate solution:  

Dissolve 147.9 mg anhydrous sodium sulphate and diluted to 1000ml.  

1ml = 100 mg SO4 

•  Barium chloride crystals.  

PROCEDURE: About 100ml of the sample was taken in a beaker and 5ml of 
conditioning reagent along with a spatula of barium chloride crystals were 
added and mixed well in a magnetic stirrer for one minute. Spectrophotometer 
was calibrated with sulphate standard solution and blank prior to the estimation 
of sample. The sample concentration was noted down (Trivedy and Goel, 1987).  

NITRATES  

Nitrate is the most highly oxidized form of nitrogen compounds commonly 
present in natural waters, because it is a product of aerobic decomposition of 
organic nitrogenous matter. Significant sources of nitrates are fertilizers, 
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decayed vegetable and animal matter, domestic and industrial effluents and 
atmospheric washouts. Unpolluted natural water contain usually only minute 
amount of nitrate. Excessive concentration in drinking water is considered 
hazardous for infants because their intestinal tract nitrates are reduced to 
nitrites, which may cause Methaemoglobinaemia or blue baby syndrome. 
Nitrate is also an essential nutrient for algal growth and hence when present in 
high concentration along with phosphates causes eutrophication.  

Nitrate reacts with phenol disulphonic acid to produce a nitro derivative, which 
in alkaline condition develops yellow colour due to rearrangement of structure. 
The intensity of colour produced is directly proportional to the concentration of 
nitrates and measured spectrophotometrically at 410nm.  

 

INSTRUMENT: Spectrophotometer – PRIM Light and Advanced 70C10382 
with LCD display manufactured by Secomam, France.  

REAGENTS:  

•  Phenol disulphonic acid:  

Dissolved 25 g of white pure phenol in 150ml of concentrated sulphuric acid 
and 85ml of concentrated sulphuric acid was added. The solution was heated for 
2 hours in a steam bath and kept in a dark bottle.  

•  Standard Nitrate solution:  

Dissolved 0.722 g of anhydrous potassium nitrate in 1 liter of distilled water. 
The solution, which had the concentration of 100 mg N/L, was diluted 100 
times to prepare a solution of 1 mg N/L.  

•  Liquid ammonia, 30%  

PROCEDURE: About 50ml of standard, samples and blank (distilled water) 
were taken in separate crucibles and heated to dryness and cooled. The residue 
was dissolved in 2ml phenol disulphonic acid and the contents were diluted to 
50ml in a nessler's tube. Added 6ml of liquid ammonia to develop a yellow 
colour and mixed the solution thoroughly. The colour developed was read at 
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410nm spectrophotometrically. The concentration of nitrate was noted down 
(Trivedy and Goel, 1987).  

INORGANIC PHOSPHATES  

Phosphorus is a nutrient for plant growth and a fundamental element in the 
metabolic reaction of plants and animals. It controls algal growth and primary 
productivity. In most natural waters, phosphorus ranges from 0.005 to 0.020 
mg/L. Algae require only small amounts of phosphorus. Excess amounts of 
phosphorus can cause eutrophication leading to excessive algal growth called 
algal blooms.  

In acidic condition, orthophosphate reacts with ammonium molybdate to form 
molybdophosphoric acid. It is further reduced to molybdenum blue by adding 
reducing agent such as stannous chloride. The intensity of the blue coloured 
complex is measured spectrophotometrically at 690nm.  

PO4
2-+ 12 (NH4)2 MoO4 + 24H+ (NH4)3 PO4.12MoO3 + 21 NH4

+ + 
12H2O  

(NH4)3 PO4.12MoO3+ Sn2+ (Molybdenum blue) + Sn4+ 

INSTRUMENT: Spectrophotometer – PRIM Light and Advanced 70C10382 
with LCD display manufactured by Secomam, France.  

REAGENTS:  

•  Standard phosphate solution:  

Dissolved 439 mg of potassium dihydrogen phosphate in distilled water and 
made up the volume to 1000ml. This stock solution was diluted 100 times to 
obtain standard phosphate solution of 1 mg/L.  

•  Ammonium molybdate solution:  

Dissolved 25 g of ammonium molybdate in 175ml of distilled water. Added 280 
ml of concentrated sulphuric acid to 400ml distilled water and cooled. Both the 
solutions were mixed and made up to 1000ml.  

•  Stannous chloride:  

Dissolved 2.5 g of stannous chloride in 100ml of glycerol by heating in a water 
bath.  
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PROCEDURE: About 50ml of samples, standard and blank (distilled water) 
were taken in a Nessler's tube. Added 2ml of ammonium molybdate solution 
and 5 drops of stannous chloride reagent. The tubes were mixed thoroughly and 
the intensity of blue colour obtained is proportional to the amount of phosphates 
and read spectrophotometrically at 690nm. The concentration of phosphates was 
noted down (APHA, 1985).  

SODIUM AND POTASSIUM  

Sodium is present in number of minerals, the major one being rock salt (sodium 
chloride). In surface water the sodium concentration may be less than 1 mg/L or 
exceed 300 mg/L depending upon the geographical area. Although sodium salts 
are usually non-toxic, excess intake of sodium chloride causes vomiting. The 
water containing high sodium content is not suitable for agriculture, as it tends 
to deteriorate the soil quality. The concentration of potassium is usually lower in 
natural waters than sodium. The chemical properties of both sodium and 
potassium are similar as both are alkali group metals.  

The estimation of sodium and potassium is based on the emission spectroscopy, 
which deals with the excitation of electrons from ground state to higher energy 
state and coming back to its original state with release of energy in the form of 
light. In the flame photometer, the atomizer under controlled conditions sucks in 
the sample. The radiation from the flame enters a dispersing device in order to 
isolate the desired region of the spectrum. The intensity of isolated radiation can 
be measured by a phototube. After calibration of the photometer with solution 
of known composition and concentration, it is correlated with intensity of a 
given spectral line of the unknown with the amount of an element present that 
emits the particular radiation.  

INSTRUMENT: Systronics Flame Photometer 128 with a compressor and a gas 
supply.  

REAGENTS:  

•  Stock Sodium solution:  

Dissolved 0.25 g of predried sodium chloride in 1000ml of distilled water.  

1ml = 0.1 mg Sodium  

•  Working sodium solution:  
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A series of standards of concentration 10, 20, 40, and 60 mg/L of sodium were 
prepared by pipetting 5, 10, 20, 30ml of stock and diluted to 50ml with distilled 
water.  

•  Stock potassium solution:  

Dissolved 0.1907 g predried potassium chloride in 1 liter of distilled water.  

1ml = 0.1 mg K  

•  Working potassium solution:  

A series of standards of concentration 10, 20, 40, and 60 mg/L of potassium 
were prepared by pipetting 5, 10, 20, 30ml of stock and diluted to 50ml with 
distilled water.  

PROCEDURE: The compressor was switched on and the pressure of air was 
adjusted to 0.45 kg/cm 2 . The gas supply was switched on to maintain the air-
gas mixture to get a blue flame. The blue flame was adjusted into cone shaped 
and aspirated with distilled water. The sodium and potassium standards were 
mixed in equal proportion. The instrument was calibrated by curve-fit method 
by aspirating with series of standards of known concentration. The samples 
were then introduced and the readings were noted. The gas supply was put off 
followed by the air supply (Ramteke and Moghe, 1988).  

CALCULATION:  

Sodium, mg/L = Observed values * Calibration factor  

Potassium, mg/L = Observed values * Calibration factor  

MERCURY  

The major source of mercury in the environment is the natural degassing of the 
earth's crust. It can exist in the environment as the metal, as monovalent and 
divalent salts and as organo-mercurides, the most important of which is methyl 
mercury. Methyl mercury may be produced from organic mercury by 
microorganisms found in aquatic sediments. Inorganic mercury compounds are 
readily accumulated in the kidney. The major effects of mercury poisoning take 
the form of neurological and renal disturbances, which are primarily associated 
with organic and inorganic mercury compounds. The greater toxicity of methyl 
mercury compared to inorganic mercury is due to its lipid solubility, which 
permits it to cross biological membranes more easily than inorganic mercury, 
especially in brain, spinal cord and peripheral nerves and across placenta.  



 62 

 
 
 
 

Mercury forms a chelated complex with EDTA, which on the addition of 
rhodamine 6G forms a pink coloured solution. The intensity of the colour is 
directly proportional to the concentration of mercury and is read 
spectrophotometrically at 565 nm.  

INSTRUMENT: Spectrophotometer – PRIM Light and Advanced 70C10382 
with LCD display manufactured by Secomam, France.  

REAGENTS:  

•  Buffered potassium iodide solution:  

About 5 g of potassium iodide and 5 g of potassium hydrogen phthalate were 
dissolved in 250ml of distilled water. To that added few crystals of sodium 
thiosulphate.  

•  Rhodamine 6G solution:  

In 250ml of distilled water 25mg of rhodamine 6G crystals was added and 
mixed well.  

•  EDTA solution (0.05 M):  

About 4.15 g of EDTA was dissolved in 250ml of distilled water.  

•  Gelatin 1%:  

About 1 g of gelatin powder was dissolved in 100 ml of distilled water.  

•  Stock mercury solution:  

Dissolved 1.35 g of mercuric chloride in about 700 ml of water and added 1.5 
ml of concentrated nitric acid and made up to 1000ml.  

1ml = 1000 m g Hg  

•  Mercury standard:  

About 1.25ml of the stock diluted was diluted to 250ml in a volumetric flask. 
This gave 5 mg/L solution.  

PROCEDURE: In clean nessler's tubes 2.5ml of sample, standard and blank 
were added. To that 2.5ml of EDTA solution, 2.5ml OF potassium iodide buffer 
and 0.5ml of rhodamine 6G and 1ml of gelatin solution were added. Then it was 
made upto 25ml with distilled water. After thorough mixing the intensity of the 
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colour was read at 565 nm spectrophotometrically and the concentrations were 
noted down.  

CHROMIUM  

Most rocks and soils contain small amounts of chromium. The commonest one 
is chromite in which the metal exist in trivalent form. Hexavalent chromium 
also exists naturally but infrequently. Because of the low solubility of 
chromium, the levels found in water are usually low. The valency of the 
chemical form in natural waters is influenced by the acidity of water. Chromium 
is absorbed through both the gastrointestinal and respiratory tracts. Trivalent 
form is an essential form of the element in human beings. Hexavalent chromium 
is toxic. It is distributed in human tissues in variable, low concentration. The 
largest concentrations of chromium in man are in skin, muscle and fat. High 
concentration of Hexavalent chromium causes digestive tract cancer and 
increased risk of lung cancer in man. Hexavalent chromium salts are used in 
metal pickling, and plating operations, anodizing aluminium, in the leather 
industry as a tanning agent, in the manufacturing of paints, dyes, explosives, 
ceramics and paper (Sawyer et al ., 2003).  

Diphenylcarbazide reacts with chromium to form a dark pink coloured complex, 
which is read spectrophotometrically at 540 nm.  

INSTRUMENT: Spectrophotometer – PRIM Light and Advanced 70C10382 
with LCD display manufactured by Secomam, France.  

REAGENTS:  

•  1M Sulphuric acid:  

About 1.38ml of concentrated sulphuric acid was mixed with 250ml of distilled 
water.  

•  0.5 % diphenylcarbazide:  

About 250 mg of diphenylcarbazide was dissolved in 100ml of acetone.  

•  Stock chromium solution:  

Dissolved 2.828 g potassium dichromate in water and diluted to 1000ml.  

1ml = 1000 m g Cr  

•  Chromium standard:  
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From the stock solution, 1.25ml was taken and made up to 250ml in a 
volumetric flask. This gave 5 mg/L solution.  

PROCEDURE: In clean nessler's tubes 2.5ml of sample, standard and blank 
(distilled water) were added. To that 1.5ml sulphuric acid and 0.5ml of 
diphenylcarbazide were added and made upto 25ml with distilled water. The 
mixture was mixed thoroughly and kept for 5 minutes. After 5 minutes, the pink 
colour developed was read spectrophotometrically at 540 nm and concentrations 
were noted down.  

IRON (as ferric)  

Iron is the fourth most abundant element in the earth's crust. In water it occurs 
mainly in the divalent and bivalent state (ferrous and ferric). Iron in the surface 
water is generally present in the form of ferric state. Iron is an essential element 
in human nutrition. It is contained in a number of biologically significant 
proteins, but ingestion in large quantities results in haemochromatosis where in 
tissue damage results from Iron accumulation (Sawyer et al ., 2003).  

The ferric iron reacts with sodium salicylate to form an amethyst colour which 
on the addition of ammonium acetate turns into yellow colour and when 1:1 
acetic acid is added again turns into amethyst colour.  

INSTRUMENT: Spectrophotometer – PRIM Light and Advanced 70C10382 
with LCD display manufactured by Secomam, France.  

REAGENTS:  

•  Stock Iron solution:  

Added 20ml of concentrated sulphuric acid to 50ml of water and dissolved 7.02 
g of ferrous ammonium sulphate. Added 0.1 N potassium permanganate 
dropwise until a faint pink colour persisted. Diluted to 1000ml with water and 
mixed.  

•  Standard solution:  

About 1.25ml of the stock diluted was diluted to 250ml in a volumetric flask. 
This gave 5 mg/L solution.  

•  3% Ammonium acetate:  

About 3 g of ammonium acetate was dissolved in 100ml of distilled water.  

•  10% sodium salicylate:  
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About 10 g sodium salicylate was dissolved in 100ml of distilled water.  

•  1:1 Acetic acid:  

Equal volumes of acetic acid and distilled water were mixed to obtain 1:1 
solution of acetic acid.  

PROCEDURE: To the Iron sample, 0.25 ml of 10 % sodium salicylate, 2.5ml of 
3% ammonium acetate and 2.5ml of 1:1 acetic acid were added. The solution 
was made upto 25ml. The amethyst colour developed was read 
spectrophotometrically at 530 nm and the concentrations were noted down.  

5.2 BIOLOGICAL ANALYSIS  

5.2.1 COLIFORM TEST  

Water is a major source for the transmission of diseases. Polluted waters contain 
vast amounts of organic matter that serve as the excellent nutritional source for 
the growth and multiplication of microorganisms. The intestinal contaminants 
of fecal origin are of major concern in polluted waters. These pathogens are 
responsible for intestinal infections such as bacillary dysentery, typhoid fever 
and paratyphoid fever. Since Escherichia coli is always present in the human 
intestine, the bacterium is used as an indicator of fecal pollution. The entire 
consortium of microorganisms present in the colon of Human and other 
mammals are termed as Coliforms.  

Coliforms produce hydrogen Sulphide gas by the reduction of organic sulphur 
present in the amino acid cysteine, which is the component of peptone in the 
medium. This amino acid in the presence of cysteine desulphurase loses the 
sulfur atom and is then reduced by the addition of hydrogen from water to form 
hydrogen sulphide. The hydrogen sulphide evolved reacts with ferrous ion of 
ferrous ammonium sulphate in the medium to form a black precipitate, which 
indicates positive test (Cappuccino and Sherman, 1999).  

 

H2S + Fe++ FeS (Black precipitate)  

REAGENTS:  
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•  SIM medium:  

Peptone 30.0 g  

Beef extract 3.0 g  

Ferrous Ammonium Sulphate 0.2 g  

Sodium thiosulphate 0.025 g  

Distilled water 1000 ml  

pH 7.3  

•  Paper strips tipped in the medium.  

PROCEDURE: The Coliforms bottles containing the tissue paper strips dipped 
with the SIM media were taken. About 20ml of the water samples were filled in 
the bottles. The bottles were incubated at 370C for 18 hours and the 
contaminated water samples turned black within 24 hours due to the production 
of H2S .  

5.2.2 PHYTOPLANKTON ANALYSIS  

Phytoplankton collection: Water was collected from the surface with minimal 
disturbance and filtered in a No. 25 bolting silk cloth net of mesh size 63 m m 
and 30 cm diameter. The final volume of the filtered sample was 125ml. The 
sample was transferred to another 125ml plastic bottle and labeled mentioning 
the time, date and place of sampling.  

Preservation: The samples collected in 125ml plastic bottles were preserved by 
adding 5ml of 4% formalin.  

Concentration: The preserved samples were kept for 24 hours undisturbed to 
allow the sedimentation of plankton suspended in the water. After 24 hours, the 
supernatant was discarded carefully without disturbing the sediments and the 
final volume of concentrated sample was 50ml.  

Qualitative and quantitative analysis of phytoplankton: The qualitative and 
quantitative analysis of phytoplankton was done by Lackey's drop method. In 
Lackey's drop method, the coverslip was placed over a drop of water in the slide 
and whole of the coverslip was examined by parallel overlapping strips to count 
all the organisms in the drop. About 20 strips were examined in each drop. 
Number of subsamples to be taken was dependent on the examining 2 to 3 
successive subsamples without any addition of unencountered species when 
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compared to the already examined subsamples in the same sample (APHA, 
1985).  

The species belonging to each group were noted down and number of 
individuals in each species was counted. The number of organisms was 
expressed in Total organisms per liter using the formula,  

CALCULATION:  

 

Where R = Number of organisms counted per subsample  

At = Area of coverslip, mm2 

As = Area of one strip, mm2 

S = Number of strips counted, and  

V = Volume of sample under the coverslip, ml  

Therefore, Total organisms per liter = N * 1/C  

 

5.2.3 ZOOPLANKTON ANALYSIS  

Standardization of filtering volume: The volume of water to be filtered for 
zooplankton analysis was standardized by repeated trials at a particular spot in S 
ankey tank and filtering different volumes of water through the plankton net i.e., 
25L, 50L, 75L, 100L, 125L and 150L. The experiment was carried out twice in 
order to determine the precision of the results.  

Zooplankton collection: Water was collected from the surface with minimal 
disturbance and filtered in a No. 25 bolting silk cloth net of mesh size 63 µm 
and 30 cm diameter. The final volume of the filtered sample was 125ml, which 
was transferred to another 125ml plastic bottle and labeled mentioning the time, 
date and place of sampling.  

Preservation: The samples collected in 125ml plastic bottles were preserved by 
adding 2ml of 4% formalin.  
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Concentration: The preserved samples were kept for 24 hours undisturbed to 
allow the sedimentation of plankton suspended in the water. After 24 hours, the 
supernatant was discarded carefully without disturbing the sediments and the 
final volume of concentrated sample was 50ml.  

Qualitative and quantitative analysis of zooplankton: The qualitative and 
quantitative analysis of zooplankton was done by using Sedgwick-Rafter cell 
(for standardization) and by Lackey's drop method. Six strips were counted in 
Sedgwick-Rafter cell with dimensions of 50mm * 20mm * 1mm. In Lackey's 
drop method, the coverslip was placed over a drop of water in the slide and 
whole of the coverslip was examined by parallel overlapping strips to count all 
the organisms in the drop. About 20 strips were examined in each drop. Number 
of subsamples to be taken was dependent on the examining 2 to 3 successive 
subsamples without any addition of unencountered species when compared to 
the already examined subsamples in the same sample. The zooplankton were 
identified upto a taxonomic precision of species level in Rotifera, genus level in 
both Cladocera and Copepoda using self made keys given in Appendix 2 and 
standard identification keys (Murugan et al., 1998; Altaff, 2003; Edmondson, 
1959; Battish, 1992; Dhanapathi, 2000).  

The species belonging to each group were noted down and number of 
individuals in each species was counted. The number of organisms was 
expressed in Total organisms per liter using the formula,  

CALCULATION:  

For Sedgwick – Rafter cell:  

 

Where R = number of organisms counted per subsample  

L = length of each strip, mm  

D = depth of a strip, mm  

W = width of a strip, mm  

S = number of strips counted.  

Therefore, Total organisms per liter = N * 1/C  
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For Lackey's drop method:  

 

Where R = Number of organisms counted per subsample  

A t = Area of coverslip, mm2 

A s = Area of one strip, mm2 

S = Number of strips counted, and  

V = Volume of sample under the coverslip, ml  

Therefore, Total organisms per liter = N * 1/C  

 

 
6. RESULTS AND DISCUSSION  

In diversity studies the sampling is done so as to represent entire population and 
to avoid the sampling errors. Plankton population estimate depends on choosing 
optimal quantity of water for filtering. Earlier studies concerned with 
zooplankton diversity have filtered water less than 100 L. In order to standardise 
and to arrive at an optimal volume, an experiment was conducted at different 
volumes namely 25, 50, 75, 100, 125 and 150L. The results show that 100 L is 
the appropriate sampling volume.  

Standardization of volume of water to be filtered for zooplankton analysis  

The experiment to standardize volume of water to be filtered for zooplankton 
analysis was performed. The results presented in tables 6 to 9 and figures 10 to 
13 depict the standardization of volume of water to be filtered for zooplankton 
analysis. The species-volume curve reveals that there is no further increase in 
the number of species even after the filtration volume was increased to 125 L 
and 150 L. This suggests that the optimum volume of water to be filtered for 
zooplankton analysis is 100 L were all the species in the area where the samples 
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are collected have been sampled. Thus, with respect to this result the volume of 
water filtered for zooplankton analysis in the four lakes is 100 L. However, the 
organisms per liter in the 25 L sample is found to be highest in both the 
experiments since the 25 L sample is the first sample taken in the whole 
procedure.  

Table 6: Experiment 1: Relation between species richness and volume 
of water filtered.  

SAMPLES  NUMBER OF SPECIES  
  ROTIFERA CLADOCERA COPEPODA TOTAL 
Sample 1 (25 L)  2  7  2  11  
Sample 2 (50 L)  5  12  3  20  
Sample 3 (75 L)  5  11  5  21  

Sample 4 (100 L)  7  12  4  23  
Sample 5 (125 L)  7  12  4  23  
Sample 6 (150 L)  6  12  5  23  

 

Figure 10: Experiment 1: Relation between species richness and volume of water 
filtered.  

Table 7: Experiment 1: Number of organisms obtained for different volumes of water filtered  
N  VOLUME OF WATER 

FILTERED (ml)  
VOLUME OF 

CONCENTRATED SAMPLE 
(ml)  

C  N*C  

166.67 * 
103 

25000  50  1/500  333.34  

240.74 * 
103 

50000  50  1/1000  240.74  

271.42 * 75000  50  1/1500  180.95  
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103 
433.34 * 

103 
100000  50  1/2000  216.67  

500 * 103 125000  50  1/2500  200  
638.89 * 

103 
150000  50  1/3000  212.96  

Where N = Organisms/L ; C = Concentration factor ; N * C = Total organisms/L  

 

Figure 11: Experiment 1: Number of organisms obtained for different volumes of water 
filtered.  

  

Table 8: Experiment 2: Relation between species richness and volume of 
water filtered. 

SAMPLES  NUMBER OF SPECIES  
  ROTIFERA CLADOCERA COPEPODA TOTAL 
Sample 1 (25 L)  6  9  4  19  
Sample 2 (50 L)  6  10  5  21  
Sample 3 (75 L)  7  11  6  24  
Sample 4 (100 L)  9  12  6  27  
Sample 5 (125 L)  9  12  6  27  
Sample 6 (150 L)  9  12  6  27  
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Figure 12: Experiment 2: Relation between species richness and volume of water 
filtered.  

Table 9: Experiment 2: Number of organisms obtained for different volumes of water filtered  
N  VOLUME OF WATER 

FILTERED (ml)  
VOLUME OF 

CONCENTRATED SAMPLE 
(ml)  

C  N*C  

544.44 * 103 25000  50  1/500  1088  
303.7 * 103 50000  50  1/1000  303.7  

370.83 * 103 75000  50  1/1500  247.22  
538.89 * 103 100000  50  1/2000  269.44  

1185.18 * 
103 

125000  50  1/2500  474.07  

781.48 * 103 150000  50  1/3000  260.49  
Where N = Organisms/L ;C = Concentration factor ; N * C = Total organisms/L  

 

Figure 13: Experiment 2: Number of organisms obtained for different volumes of water 
filtered  
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In order to know the water quality of the selected lakes a biomonitoring 
approach has been undertaken, which includes both physicochemical and 
biological analysis. The physicochemical and biological analysis of Sankey 
lake, Ulsoor lake, Rachenahalli lake, and Tippagondanahalli lake was carried 
out as discussed in the earlier section (Chapter 5). The next section discusses the 
results for physicochemical analysis.  

PHYSICOCHEMICAL ANALYSIS  

The results for the physicochemical analysis of water samples from different 
sampling points in Sankey lake are given table 10. The lake is alkaline nature 
with pH ranging from 8.45 to 8.61. The dissolved oxygen levels at sampling 
points 2 (5.42 mg/L) and 3 (5.32 mg/L) are slightly lower than the desirable 
limits cited in table 5, because of the entry of organic matter through runoff. 
The dissolved oxygen level in the sampling point 1 (6.53 mg/L) is higher 
compared to the other sampling points because of the turbulence created by the 
flow from inlet. The calcium and magnesium hardness of water are high ranging 
from 144.9 mg/L to 149.4 mg/L indicating the hard water. The water is also 
contaminated by faecal matter in all the sampling points, thus an accidental 
intake may lead to water borne diseases.  

Table 10: Physicochemical analysis of Sankey lake  
PARAMETERS  SAMPLING POINTS  

  1  2  3  
pH  8.54  8.45  8.61  
EC, m S/cm  427.33  433.67  432.33  
TDS, mg/L  213.67  216.67  215  
Temperature, °C (water)  23.93  24  23.9  
Temperature,°C (air)  20  23  23  
Turbidity, NTU  25-50  25-50  25-50  
Dissolved oxygen, mg/L  6.53  5.42  5.32  
Free carbondioxide, mg/L  21.56  19.8  20.9  
Chlorides, mg/L  56.64  57.96  56.2  
Total alkalinity, mg/L  162.01  158.17  160.09  
Total hardness, mg/L  149.4  145.3  144.9  
Calcium hardness, mg/L  92.1  92  91.3  
Magnesium hardness, 
mg/L  

13.92  12.95  13.02  

Sulphates, mg/L  33.57  34  35.56  
Nitrates, mg/L  0.401  0.494  0.644  
Phosphates, mg/L  0.031  0.032  0.039  
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Sodium, mg/L  66.94  66.34  66.98  
Potassium, mg/L  4.46  6.21  6.1  
Mercury, mg/L  BDL  BDL  BDL  
Chromium, mg/L  BDL  BDL  BDL  
Iron, mg/L  BDL  BDL  BDL  
Coliforms  +  +  +  
“+” – presence of coliforms. BDL – Below Detectable Limits  

The results for the physicochemical investigations of water samples from 
different sampling points in Rachenahalli lake are presented in table 11. The pH 
of the lake is alkaline in all sampling points ranging from 8.53 to 9.02. The 
dissolved oxygen levels in the lake was low particularly in sampling point 3 (4.1 
mg/L), where most of the physicochemical parameters were higher when 
compared to other sampling points. The level of sodium in the lake ranged 
between 157.74 mg/L to 196.04 mg/L and that of potassium was found to be in 
the range of 90.84 mg/L to 114.17 mg/L, which are very high and may be 
attributed to the runoff from agricultural fields. This may also be due to the 
concentration of chemical constituents present in the lake water, which is drying 
up. The high potassium, sodium and chloride (114.71 to 128.07 mg/L) contents 
have thus made the lake water not preferable for irrigational purpose, as it 
would cause damage for the crops (water intake by the roots is blocked). All the 
samples in the lake indicate the presence of Coliforms suggesting faecal 
contamination.  

Table 11: Physicochemical analysis of Rachenahalli lake  
PARAMETERS  SAMPLING POINTS  

  1  2  3  
pH  8.58  9.02  8.8  
EC, m S/cm  561.33  523.67  592.67  
TDS, mg/L  276  261  296.33  
Temperature, °C (water)  20  20.23  20.27  
Temperature, °C (air)  10  14  21  
Dissolved oxygen, mg/L  5.93  5.58  4.1  
Free carbondioxide, mg/L  14.08  9.24  14.96  
Chlorides, mg/L  118.78  114.71  128.07  
Total alkalinity, mg/L  143.26  131.73  154.8  
Total hardness, mg/L  124.4  108  120  
Total hardness, mg/L  124.4  108  120  
Calcium hardness, mg/L  67.6  47.6  55.8  
Magnesium hardness, 13.8  14.68  15.6  



 75 

 
 
 
 

mg/L  
Sulphates, mg/L  13.77  14.81  20.5  
Nitrates, mg/L  0.114  0.117  0.153  
Phosphates, mg/L  0.045  0.04  0.067  
Sodium, mg/L  167.08  157.74  196.04  
Potassium, mg/L  90.84  100.01  114.17  
Mercury, mg/L  BDL  BDL  BDL  
Chromium, mg/L  BDL  BDL  BDL  
Iron, mg/L  BDL  BDL  BDL  
Coliforms  +  +  +  
“+” – presence of coliforms. BDL – Below Detectable Limits  

The results for physicochemical analysis of water samples from different 
sampling points in Ulsoor lake are presented in table 12. The pH of the water 
samples from all the sampling points are alkaline in nature with sampling point 
3 (8.96) and 4 (8.62) exceeding the tolerance limits given in Table 5. The 
dissolved oxygen level at sampling point 1 (2.05 mg/L) which is near the 
Madras Engineering Group (MEG) camp is well below the tolerance limits due 
the organic loading from the sewage entering the lake. The sampling point 2 
(5.14 mg/L), which is the center of the lake, is also low in dissolved oxygen 
levels. The dissolved oxygen level in sampling point 3 is higher because of the 
aerated sewage entering the lake. The heavy metals level, particularly that of 
chromium and mercury, are higher than the tolerance limit, which reflect the 
heavy metal pollution in the lake due to the possible entry of industrial 
effluents. The lake water is also faecal contaminated except in Sampling point 
4.  

Table 12: Physicochemical analysis of Ulsoor lake  
PARAMETERS  SAMPLING POINTS  

  1  2  3  4 5 
pH  7.56  8.4  8.96  8.62  8.3  

EC, m S/cm  350.67  340.33  337  342.33  343  
TDS, mg/L  175.33  169.33  168.33  171  170.67  
Temperature,°C 22.83  24.03  24.13  24.27  24.67  
Turbidity, NTU  25 – 50  25 – 50  25 – 50  25 – 50  25 – 50  
Dissolved oxygen, 
mg/L  

2.05  5.14  8.53  9.08  8.02  

Chlorides, mg/L  62.14  58.29  54.99  56.09  56.09  
Total alkalinity, mg/L  123.07  124.03  110.57  111.53  120.19  
Total hardness, mg/L  82  88  85  92  94  
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Calcium hardness, 
mg/L  

58  56  57  61  56  

Magnesium hardness, 
mg/L  

5.83  7.78  6.80  7.53  9.23  

Sulphates, mg/L  7.23  8.26  8.17  10.54  8.9  
Nitrates, mg/L  0.074  0.089  0.079  0.085  0.096  
Phosphates, mg/L  0.125  0.155  0.049  0.124  0.177  
Sodium, mg/L  61.07  60.23  59.17  58.37  59.03  
Potassium, mg/L  26.53  26.5  25.77  25.07  25.1  
Mercury, mg/L  0.009  0.013  0.044  0.029  0.049  
Chromium, mg/L  0.029  0.058  0.09  0.077  0.072  
Iron, mg/L  0.111  0.195  0.129  0.239  0.287  
Coliforms  +  +  +  +  -  
“+” – presence of coliforms. 

The table 13 represents the physicochemical characteristics of the water samples 
in Tippagondanahalli lake. The pH of the lake is alkaline in nature for all the 
sampling points ranging from 8.7 to 9.18. This may due to the nature of the soil 
in the catchment area. The dissolved oxygen level in the sampling points 1, 2, 3 
and 5 ranging from 3.07mg/L to 3.72 mg/L is below the desirable limits shown 
in table 5 and that of the sampling point 4 (8.23 mg/L) is relatively higher than 
the desirable limits. This may be due to the less turbulence in the sampling 
points 1, 2, 3 and 5, which has resulted in the less contact between the 
atmosphere and the water surface resulting in low dissolved oxygen content 
owing to the less solubility of oxygen in water. Relatively higher concentration 
of oxygen in the sampling point 4 is due to enough turbulence created in the 
region. All of the sampling points indicate the presence of coliforms because of 
the faecal droppings from the high bird population.  

Table 13: Physicochemical analysis of Tippagondanahalli lake  
PARAMETERS  SAMPLING POINTS  

  1  2  3  4 5 
pH  9.01  8.97  9.18  9.13  8.7  
EC, m S/cm  283.33  277.67  278.67  280.33 280.67 
TDS, mg/L  141.33  138  138.67  140  140  
Air Temperature,°C 27  29  31  32  35  
Water Temperature, °C 24.4  27.87  27.93  28.9  27.63  
Turbidity, NTU  < 10  < 10  < 10  < 10  < 10  
Dissolved oxygen, mg/L  3.07  3.07  3.32  8.23  3.72  
Free carbondioxide, mg/L  7.92  6.16  5.94  3.52  8.36  
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Chlorides, mg/L  49.6  48.5  48.01  48.39  47.07  
Total alkalinity, mg/L  102.88  97.59  95.67  97.59  97.11  
Total hardness, mg/L  80  82  80  76  80.8  
Calcium hardness, mg/L  42.9  41.2  41.3  40  41.1  
Magnesium hardness, 
mg/L  

9.02  9.91  9.40  8.75  9.65  

Sulphates, mg/L  17.85  16.7  19.02  17.48  16.24  
Nitrates, mg/L  0.075  0.088  0.131  0.1  0.117  
Phosphates, mg/L  0.04  0.025  0.019  0.019  0.018  
Sodium, mg/L  57.42  57.32  57.07  57.77  56.16  
Potassium, mg/L  15.42  15.42  14.99  15.76  15.28  
Mercury, mg/L  BDL  BDL  BDL  BDL  BDL  
Chromium, mg/L  BDL  BDL  BDL  BDL  BDL  
Iron, mg/L  BDL  BDL  BDL  BDL  BDL  
Coliforms  +  +  +  +  +  
“+” – presence of coliforms. BDL – Below detectable limits  

Thus the physicochemical analysis of all the four lakes reveals that pH of the 
lakes is alkaline. The total hardness of the lake waters indicates that Sankey lake 
and Rachenahalli lake are hard. The dissolved oxygen content in all the lakes 
are low but the factors that contribute to low dissolved oxygen content varied 
from lake to lake. Thus from the physicochemical analysis it is understood that 
Ulsoor and Rachenahalli lakes are polluted. The Rachenahalli lake is polluted 
due to the entry of agricultural runoff and shoreline degradation, whereas the 
Ulsoor lake is polluted due to entry of sewage and industrial effluents.  

ZOOPLANKTON ANALYSIS  

The zooplankton analysis was carried out after standardization of volume of 
water to be filtered and by using standard methods as given in chapter 5. The 
identification of zooplankton was done to the taxonomic precision of species 
level in rotifera and genus level in both cladocera and copepoda using self-made 
keys and standard keys given Appendix 2.  

The results shown in tables 14 & 15 reveal that the zooplankton community in 
surface waters of Sankey lake is comprised of Rotifera, Cladocera and 
Copepoda. A total of 23 species of zooplankton is obtained in the study. All the 
groups are equally distributed in terms of number of species though nauplii and 
copepodids, the developmental stages of Copepoda, were found to dominate 
among the Copepoda. Thus, the zooplankton analysis for Sankey tank suggests 
that the health of the community is undisturbed.  
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Table 14: Zooplankton qualitative analysis of Sankey lake  
SAMPLES NUMBER OF SPECIES  
  ROTIFERA CLADOCERA COPEPODA TOTAL 
Sampling 
point 1  

4  8  6  18  

Sampling 
point 2  

6  3  7  16  

Sampling 
point 3  

7  5  6  18  

Total 
species 
sampled in 
the lake  

8  8  7  23  

  

Table 15: Zooplankton quantitative analysis of Sankey lake  
SAMPLING 

POINTS  
N  VOLUME OF 

WATER 
FILTERED (ml)  

VOLUME OF 
CONCENTRATED 

SAMPLE (ml)  

C  N*C  

Sampling point 
1  

1028.57 * 
103 

100000  50  1/2000  514.28  

Sampling point 
2  

960 * 103 100000  50  1/2000  480  

Sampling point 
3  

702.85 * 
103 

100000  50  1/2000  351.42  

Where N = Organisms/L ;C = Concentration factor ; N * C = Total organisms/L  

The zooplankton analysis of Rachenahalli lake is given in tables 16 & 17. The 
phytoplankton analysis has also been carried out for this lake. Some members of 
Chlorophyceae have been recorded. The zooplankton community in 
Rachenahalli lake is comprised of Rotifera, Cladocera and Copepoda, though 
pollution sensitive group Cladocera is found to be less species rich with only 
two species representing the whole group. The rotifers were found to be most 
species rich group among the zooplankton recorded. The abundance of 
Keratella tropica, which is a pollution tolerant species contributed to the 
increase in the total number of organisms per liter in sampling point 3 (figure 
14). This supplements the physicochemical data obtained and highlights the 
influence of water quality in determining the structure of the zooplankton 
community. This suggests that the sampling point 3 in particular and the lake in 
general is polluted and thus affecting the diversity of the zooplankton 
community.  
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Table16: Zooplankton qualitative analysis of Rachenahalli lake  
SAMPLES NUMBER OF SPECIES  
  ROTIFERA CLADOCERA COPEPODA TOTAL 
Sampling 
point 1  

5  1  3  9  

Sampling 
point 2  

2  NIL  2  4  

Sampling 
point 3  

5  1  5  11  

Total 
species 
sampled in 
the lake  

6  2  5  13  

  

Table 17: Zooplankton quantitative analysis of Rachenahalli lake  
SAMPLING 

POINTS  
N  VOLUME OF 

WATER 
FILTERED (ml)  

VOLUME OF 
CONCENTRATED 

SAMPLE (ml)  

C  N*C  

Sampling 
point 1  

210 * 103 100000  50  1/2000  105  

Sampling 
point 2  

76.36 * 103 100000  50  1/2000  38.18  

Sampling 
point 3  

960 * 103 100000  50  1/2000  480  

Where N = Organisms/L ;C = Concentration factor ; N * C = Total organisms/L  

  



 80 

 
 
 
 

 

Figure 14: Abundance of Keratella tropica in Sampling point 3 of Rachenahalli lake.  

The results for the qualitative and quantitative analysis of zooplankton of Ulsoor 
lake given in table 18 & 19 respectively shows that the zooplankton community 
in the lake is represented by only two groups which include Rotifera and 
Cladocera. The absence of Copepoda, which is the major food for planktivorous 
fishes and absence of zooplankton community in the inlet and outlet of the lake 
reveals that the entry of sewage has an adverse effect on the trophic structure of 
the lake and contributed to the death of fishes in the lake, which was reported on 
January 26 th in leading news papers.  

Table 18: Zooplankton qualitative analysis of Ulsoor lake  
SAMPLES NUMBER OF SPECIES  
  ROTIFERA CLADOCERA COPEPODA TOTAL 
Sampling 
point 1  

1  3  NIL  4  

Sampling 
point 2  

1  4  NIL  5  

Sampling 
point 3  

NIL  NIL  NIL  NIL  

Sampling 
point 4  

NIL  NIL  NIL  NIL  

Sampling 
point 5  

1  NIL  NIL  NIL  

Total 
species 
sampled in 
the lake  

1  5  NIL  6  
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Table 19: Zooplankton quantitative analysis of Ulsoor lake  
SAMPLING 

POINTS  
N  VOLUME OF 

WATER 
FILTERED (ml)  

VOLUME OF 
CONCENTRATED 

SAMPLE (ml)  

C  N*C  

Sampling 
point 1  

50 * 103 100000  50  1/2000  25  

Sampling 
point 2  

54 * 103 100000  50  1/2000  27  

Sampling 
point 3  

NIL  100000  50  1/2000  NIL  

Sampling 
point 4  

NIL  100000  50  1/2000  NIL  

Sampling 
point 5  

10.02 * 
103 

100000  50  1/2000  5.01  

Where N = Organisms/L ;C = Concentration factor ; N * C = Total organisms/L  

The results for the qualitative and quantitative analysis of zooplankton of 
Tippagondanahalli lake given in tables 20 & 21 shows that the zooplankton 
community in the lake is comprised of Rotifera, Cladocera and Copepoda. The 
zooplankton population in the lake is very less in numbers and species richness. 
This may be due to the lesser inflow of nutrients into the lake leading to lesser 
primary production, which has resulted in the less food for zooplankton 
consumption. Hence, the lake is in oligotrophic condition.  

Table 20: Zooplankton qualitative analysis of 
Tippagondanahalli lake.  

SAMPLES  NUMBER OF SPECIES  
  ROTIFERA CLADOCERA COPEPODA TOTAL 
Sampling 
point 1  

NIL  NIL  1  1  

Sampling 
point 2  

2  NIL  2  4  

Sampling 
point 3  

NIL  1  2  3  

Sampling 
point 4  

NIL  1  0  1  

Sampling 
point 5  

NIL  NIL  NIL  NIL  

Total 
species 
sampled in 

2  2  3  7  



 82 

 
 
 
 

the lake  

  

Table 21: Zooplankton quantitative analysis of Tippagondanahalli lake  
SAMPLING 

POINTS  
N  VOLUME OF 

WATER 
FILTERED (ml)  

VOLUME OF 
CONCENTRATED 

SAMPLE (ml)  

C  N*C  

Sampling point 1  10 * 103 100000  50  1/2000  5  
Sampling point 2  90 * 103 100000  50  1/2000  45  
Sampling point 3  60 * 103 100000  50  1/2000  30  
Sampling point 4  10 * 103 100000  50  1/2000  5  
Sampling point 5  NIL  100000  50  1/2000  NIL  
Where N = Organisms/L ;C = Concentration factor ; N * C = Total organisms/L  

Table 22 reflects the Shannon-Weiner index for zooplankton diversity in the 
lakes studied. The Shannon-Weiner index reveals that Sankey tank is more 
diverse where as Rachenahalli is the least diverse among the lakes followed by 
Ulsoor.  

Table 22: Shannon-Weiner index for zooplankton diversity in the lakes  
LAKES  SHANNON-WEINER DIVERSITY INDEX  

Sankey lake  2.43  
Rachenahalli lake  1.54  
Ulsoor lake  1.58  
Tippagondanahalli lake  1.73  

Table 23 shows the species composition of study lakes and their pollution 
status. Each lake has been classified according to the physicochemical and 
biological data obtained during the study period. This indicates that among the 
lakes surveyed Ulsoor lake is heavily polluted and Rachenahalli lake is also 
polluted. Sankey lake was found to be in a mesotrophic condition supporting a 
diverse fauna of zooplankton whereas Tippagondanahalli lake was oligotrophic 
in nature with less primary production and hence sparse zooplankton 
population.  

Table 23: Zooplankton taxa obtained during the study and pollution status of the lakes.  
LAKE  ROTIFERA  CLADOCERA  COPEPODA  POLLUTION 

STATUS  
Sankey  Brachionus 

angularis 
Chydorus spp. 
Pleuroxus spp. 

Paracyclops spp. 
Macrocyclops spp. 

Mesotrophic  
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Brachionus 
falcatus 
Brachionus 
caudatus 
Brachionus 
diversicornis 
Brachionus 
forficula Keratella 
tropica 
Microcodides 
chlaena 
Polyarthra indica  

Euryalona spp. 
Alona spp. 
Ceriodaphnia spp. 
Diaphanosoma 
spp. 
Pseudochydorus 
spp. Moina spp.  

Phyllodiaptomus spp. 
Heliodiaptomus spp. 
Calanoid copepodids 
Cyclopoid 
copepodids Nauplii  

Tippagon-
danahalli 
lake  

Brachionus 
diversicornis 
Brachionus 
forficula  

Ceriodaphnia spp. 
Chydorus spp  

Calanoid copepodids 
Cyclopoid 
copepodids Nauplii  

Oligotrophic  

Rachenah-
alli lake  

Keratella tropica 
Keratella 
procurva 
Brachionus 
caudatus 
Brachionus 
forficula 
Brachionus 
falcatus 
Brachionus 
diversicornis  

Diaphanosoma 
spp. Pleuroxus 
spp.  

Microcyclops spp. 
Calanoid copepodids 
Cyclopoid 
copepodids 
Heliodiaptomus spp 
Nauplii  

Polluted  

Ulsoor lake  Brachionus 
diversicornis  

Alona spp. 
Chydorus spp. 
Ceriodaphnia spp. 
Pleuroxus spp. 
Pseudochydorus 
spp  

NIL  Heavily polluted  

The results for the biomonitoring of selected lakes shown in table 24 shows that 
only two of the lakes among the four studied are suitable for the intended usage. 
Ulsoor lake and Rachenahalli lake were polluted due to different sources. The 
industrial effluents and sewage contributed to the pollution level in Ulsoor and 
agricultural runoff affected the Rachenahalli lake. Physicochemical analysis has 
revealed the causes and levels of pollution whereas the biological analysis has 
revealed the extent of damage done to the biota due to pollution.  

Table 24: Results for the biomonitoring of the lakes.  
BIOMONITORIN

G  
SANKEY 

LAKE  
RACHENAHAL

LI LAKE  
ULSOOR 

LAKE  
TIPPAGONDANAHAL

LI LAKE  
Physicochemical pH (8.45 to pH (8.58 to 9.02 – pH (7.56 to pH (8.7 to9.18 – alkaline) 
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analysis  8.61 – 
alkaline) 
Dissolved 
oxygen 
(5.32 to 
6.53 mg/L) 
Hardness 
(144.9 to 
149.4 mg/L 
- hard)  

alkaline) 
Dissolved oxygen 
(4.1 to 5.93 mg/L) 
Sodium (157.74 to 
196.04 mg/L) 
Potassium (90.84 
to 114.17 mg /L) 
Chlorides (114.71 
to 128.07 mg/L)  

8.96 – 
alkaline) 
Dissolved 
oxygen 
(2.05 to 
9.08 mg/L) 
Mercury 
(0.009 to 
0.049 
mg/L) 
Chromium 
(0.029 to 
0.09 mg/L)  

Dissolved oxygen (3.07 to 
8.23 mg/L)  

Biological analysis          
Coliforms  “+”  “+”  “+” except 

sampling 
point 5  

“+”  

Phytoplankton 
analysis  

ND  Members of 
chlorophyceae  

ND  ND  

Zooplankton 
analysis  

A total of 
23 species 
were 
obtained. 
351.42 to 
514.28 
organisms/
L.  

A total of 13 
species were 
obtained. 38.18 
to480 organisms/L  

A total of 6 
species 
were 
obtained. 0 
to 27 
organisms/
L  

A total of 7 species were 
obtained. 0 to 45 
organisms/L.  

Current use and 
status*  

Recreationa
l and 
religious  

Agricultural and 
washing of clothes  

Boat 
training 
*(Large-
scale fish 
death 
reported on 
January 26 
th ).  

Drinking  

Suitability  Suitable for 
recreational 
purposes.  

Not preferable for 
irrigational 
purpose.  

Suitable 
for the 
present 
usage  

Suitable with 
Sedimentation, filtration 
and chlorination.  

“+” – presence of coliforms ; ND – Not Done.  
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CONCLUSION 

The biomonitoring of the lake was done to assess the present status of 
Bangalore lakes - Sankey lake, Rachenahalli lake, Ulsoor lake and 
Tippagondanahalli lake, that were selected on the basis of the use values. The 
investigations included the physicochemical characterization of the lakes as well 
as the zooplankton diversity of these lakes. The physicochemical analysis was 
performed by standard methods. The zooplankton analysis was carried out by 
standardization of volume of water to be filtered for zooplankton analysis and 
the identification by using standard keys.  

Water quality analysis: Among the four selected lakes, Rachenahalli and 
Ulsoor were found to be the most affected by anthropogenic activities. The 
possible entry of industrial effluents contributed to the high levels of heavy 
metal concentration and low levels of dissolved oxygen was due to the 
decomposition of organic matter from sewage entering the Ulsoor lake. The 
runoff from surrounding agricultural fields and concentration of chemical 
constituents in partially dried up aquatic environment of Rachenahalli were the 
cause for the deterioration of water quality in the lake. Rachenahalli lake was 
further disturbed by unplanned developmental activities along the shorelines of 
the lake, which had its influence on the water quality. Sankey lake also showed 
less dissolved oxygen levels, which might be due to the entry of organic matter 
during runoff from the surrounding urban areas. Tippagondanahalli lake is 
influenced by natural processes, which was the cause of the increase in pH and 
decreased dissolved oxygen levels. The lake water however, has to be treated 
properly due to faecal contamination by bird droppings.  

Zooplankton analysis: The standardization of the volume of water to be 
filtered for zooplankton analysis as per the iterative experiment is 100L. Thus 
the species-volume curve had reflected that the surface water sampling for 
Zooplankton analysis requires a minimum of 100L of water to be filtered for 
sampling all the species in the area sampled. Filtering 100L of water might 
eventually lessen the sampling errors. The zooplankton analysis also confirmed 
the poor water quality of Ulsoor and Rachenahalli. The lakes had poor 
representation of the zooplankton community, which is vital for the survival of 
the higher trophic states. This had eventually let to the death of fishes in Ulsoor 
lake. In Rachenahalli anthropogenic activities had altered the zooplankton 
community structure, which would influence the entire trophic structure of the 
lake. The Shannon-Weiner index also showed the less diversity in these lakes. 
Sankey lake had higher diversity of zooplankton when compared to other lakes 
because of the sufficient nutrient input resulting in mesotrophic condition and 
lesser disturbance to the water quality. Tippagondanahalli lake was oligotrophic 
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in nature because of lesser nutrient input and hence zooplankton community 
was sparse.  

Thus, the results for the present study on Bangalore lakes indicates the need for 
comprehensive monitoring of these lakes for proper management decisions to 
be taken for the restoration of Ulsoor and Rachenahalli lakes, which had been 
threatened ecologically due to various anthropogenic activities. Concerned 
authorities of the Bangalore Water Supply and Sewerage Board (BWSSB) have 
to take appropriate action by controlling the sewage and industrial effluent let 
into the Ulsoor lake. Letting in treated water would maintain the water quality 
that will improve the aquatic biota. The Rachenahalli lake needs immediate 
remedial actions against shoreline degradation. Hence the Bangalore 
Development Authority (BDA) should stop the construction of road, which has 
affected the water quality and aquatic biota in the lake as revealed in this study.  
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Appendix - 1 

 

Figure 15: Schematic representation of Rotifera  
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Figure 16: Schematic representation of Cladocera  

 

Figure 17: Dorsal view of copepoda – calanoid and cyclopoid.  
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Figure 18: Ventral view of cyclopoid  

 

Figure 19: Schematic representation of Ostracoda  
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Legend for the Figures 15 to 19. 
1. Eye     20.  Rectum 
2. Head/Cephalic segment  21. Cloaca 
3. Antennae    22. Foot glands 
4. Antennules    23. Foot 
5. Ovary     24. Toe 
6. Ciliary wrath    25. Fornix 
7. Tactile style    26. Rostrum 
8. Gangilion    27. Cervical depression 
9. Styligerous prominence  28. Heart 
10. Mastax     29. Shell gland 
11. Trophi      30. Cerebral gangilion 
12. Gastric glands    31. Legs 
13. Stomach    32. Claw 
14. Longitudinal muscle   33. Post abdominal setae/process 
15. Oviduc     34. Posterior spine 
16. Lateral canal    35. Brood chamber 
17. Contractile vessel   36. Ocellus 
18. Sperms    37. Optical gangilion 
19. Intestine    38. Post abdomen 
39. Caudal/Furcal rami   57. Food     
40. Genital segment   58. Furca 
41. Metasomal wing   59. Dorsal skin 
42. Metasomal spine   60. Subterminal claw  
43. Caudal setae    61. Terminal claw 
44. Maxillule    62. Terminal setae 
45. Maxilla    63. Thoracic leg 
46. Maxilliped    64. Branchial setae of maxillae 
47. Mandible    65. Branchial plate of mandible 
48. Maxillary gland   66. Mandibular projection 
49. Maxillary gland   67. Mandibular pulp 
50. Mandibular setae   68. Natatory setae of antennae and antennule          
51. 4th leg     69. Labrum 
52. 6th leg     70. Mouth 
53. 5th leg     71. Labium 
54. Ovisac 
55. Spermatheca 
56. Telson 
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APPENDIX 2 
 
Keys for identification of some of the commonly occurring freshwater zooplankton  

Rotifera 

Class: Monogononta 
Order: Ploimida, Flosulariceae and Collothecaceae 
I. Order: Ploimida 

1. Family: Epiphanidae 
Lorica absent, body transparent, sometimes sacciform with true tufts of cilia. 
Trophi mallaete type. 

Genus: Epiphanes 
a. Epiphanes clavulata 

The body expands dorsally towards posterior, ventrally straight. Corona has five 
styligerous prominences each with fur like arrangement of slender styles. Antennae 
dorsal, gonod ribbon like and bent as a horseshoe. Foot short with small toe. 

b. Epiphanes macrourus 
Body saccate with three tufts of cilia. Dorsal antennae present. Foot long and 
segmented with short toes. 

Genus: Mikrocodides 
a.   Microcodies chlaena 

Body cylindrical, gradually narrowing posteriorly. Foot broad, segmented 

with a prominent spur on the dorsal side near the toe. Toe single, broad and 

tapering into a point. The organism looks like a shell. 

Genus: Liliferotrocha 

a. Liliferotrocha subtilis 
Body elongate and cylindrical. Dorsal antennae prominent. Toes slender, 

short, triangular and pointed. The body as such cannot be divided into head 

trunk and foot. Foot is not prominent and body irregular in shape. 

2. Family: Brachionidae 
Mostly stout rotifers, planktonic, lorica heavy and dorso-ventrally flattened, 

often carrying visible spines or projections or ringed foot. Trophi malleate 

type. The oral opening is funnel like in the buccal field with a simple 

circumapical band of cilia. Corona lacks hood or lamellae. The body is 

somewhat rounded in shape with most of the members of the family. 

Genus: Anuraeopsis 

a. Anuraeopsis fissa 
Lorica with two plates, dorsal and ventral with lateral sulci. Dorsal plate arched and ventral 
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plate flat. The foot part is lobe shaped with no prominent toe. Prominent dorsal antennae. 

Genus: Brachionus 

a.  Brachionus angularis 

Lorica stippled, with two very small projections in the occipital margin. Posterior spines 

absent. No foot part and toes. 

 

b. Bracionus aculeatus flateralis 
Lorica stippled with four occipital spines of equal length. Posterior lateral 

spine apart with tooth like projections on the inner side. 

c. Brachionus budapestinensis var punctatus 
Lorica stiff and stipples with four occipital spines of which median are 

longer than lateral. 

 

d. Brachionus caudatus  
Lorica with four occipital spines, the lateral slightly longer than the 

median. Posterior spines are long. The body is slightly oval in shape. The 

occipital spines are small. 

 

e. Brachionus diversicornis 
Lorica is elongated (different from other Brachionus species) with four 

occipital spines with lateral spines much longer than the median. Right 

posterior spine is longer than left. Foot long and toes with characteristic 

claws. 

 

f. Brachionus forficula f typicus – urawensis 
Lorica with four occipital spines. Posterior spines stippled and bowed 

inwards with characteristic knee like swellings at the inner side. This species 

is similar to B. aculeatus in the occipital spine region but differs in shape of 

body and posterior spines. 

 

g. Brachionus calyciflorua 
Lorica flexible, smooth. Anterior margin with stout spines, broad at the 

base and with rounded tips. Median spines slightly longer than the laterals. 

Posterior spines absent. This species has many polymorphic forms, which 

have posterior spines. 
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h. Brachionus falcatus 

Anterior dorsal margin with six equal spines, the medians log and curved out ward at the 

end. Posterior spines very long, bent inwards and in some forms almost touch each other at 

their tips. 

 

Genus: Plationus 

a. Plationus patulas 
Occipital margin with six species of which medians slightly longer than 

the outer ventral margin with four spines. Posterior lateral spines are longer 

than the median. 

Genus: Keratella 

a. Keratella cochlearis 
Lorica with strong median spine. Dosrum with characteristic median 

longitudinal line, with symmetrically arranged plaques on either side. Foot is 

present with toes. 

 

b. Keratella procurva 
Three median plaques on the dorsum, the posterior one is pentagonal and 

terminates in a short median line. Posterior margin of lorica is narrower than 

the anterior. Posterior spines are short and sub equal and sometimes absent. 

The median spines on the occipital part are longer than lateral spines. 

c. Keratella quadrata 
Three median plaques on the dorsal side of the lorica, the posterior one has a common 

border with posterior margin of the lorica. The posterior spines are sub equal. The body is 

segmented into polygonal shapes. 

Genus: Notholca 

a. Notholca lebis 
Lorica oval, dorsoventrally flat with six spines at occipital margin, the medians and 

laterals of same length. Posterior end of lorica with broad blunt process. Posterior margin 

truncated. 

Genus: Platyas 

a. Platyas quadricornis 
Lorica firm, stippled, dorsoventrally compressed with regular patterns of facets. Occipital 

margin with two stout spines having truncated ends. Posterior spines equal in length. At the 

posterior end there is an antennae like structure. Body is rounded in shape. 
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  3.Family: Euchlanidae 

Body dorso-ventrally flattened with thin lorica, usually lacking any projections. Two 

prominent toes are present. 

Genus: Euchlanis 

a. Euchlanis dialatata 
Lorica with dorsal and ventral plates with longitudinal sulci. Dorsal plate 

with ‘U’ shaped notvh posteriorly. Mastax with four club shaped teeth on 

each uncus. Foot slender and two jointed. Toes blade-like and fusiform. 

b. Euchlanis brahmae 

Body truncated anteriorly and rounded behind, triradiate in cross-section. Dorsal plate 

laterally produced into flanges and with a dorsal median keel extending its entire length. 

Posterior notch absent. Ventral plate absent, but a thin membrane joins dorso-laterally. 

Mastax with four clubbed shaped teeth on each uncus. Foot two-jointed. Toes slender parallel 

sided tapering into points and one-third of the length of the dorsal plate. 

Genus: Dipleuchlanis 

a. Dipleuchlanis propatula 

Lorica oval, dorsal plate is concave and smaller than the ventral. Both the plates have 

shallow sinuses at the anterior margin. Toes long, parallel sided and ending in points. 

Genus: Tripleuchlanis 

a. Tripleuchlanis plicata 
Dorsal plate of lorica with emargination posteriorly. Ventral plate is of same size as the 

dorsal. Lateral sulci separated by cuticular flange giving bellow like folds laterally. Trophi 

malleate type with six opposing teeth on each incus, Foot glands long including a pair of 

accessories. Foot three jointed, first joint covered by cuticular plate. Toes short. Lorica has an 

ornamented pattern with core shaped foot.  

Genus: Pseudoeuchlanis 

a. Pseudoeuchlanis longipedis 
Dorsal plate of lorica with anterior margin raised in the middle into small non-retractile 

semicircular plate and without a notch in posterior end. Ventral side is membranous, lateral 

sulci absent. Foot slender. Long ending in points and three-fourth length of dorsal plate. 

Trophi malleate, six slender club-shaped teeth on each uncus. Stomach gastric gland and foot 

glands present. 

4. Family: Mytilinidae 

Body stout and laterally compressed. In some species, often ringed lorica, 
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cylindrical.  Foot with indistinct segments. 

Genus: Mytilina 

a. Mytilina ventralis 
Body cylindrical, lorica firm with dorsal ridges. Anterior end of the lorica stippled and 

with curved short spines at the margin, posteriorly with single dorsal and two ventral spines 

of equal length in the typical form. Foot indistinctly segmented and toes ending in blunt 

points 

5. Family: Trichotridae 

Body stout, lorica stiff and stippled, foot with triangular spines in some species. Toes 

slender and long. 

Genus: Trichotria  

a. Trichotria tetractis 
Antero lateral margins pointed with the spiny projections. Dorsum stiff, 

stippled and with usual plates and ridges. Foot joints also stippled. 

Penultimate foot segment with air of triangular spines. Toes slender, long and 

ending in points. 

6. Family: Collurellidae 

Head of these animals in some cases has a semicircular, nonretractable, transparent hood 

like extension. Lateral eyespot present. In some species, one or two very long spines in the 

midline of the back are present. One or two very long spines in the midline of the back are 

present. 

Genus: Colurella 

a. Colurella bicuspidate 
Lorica with two lateral plates, like mussel shell, smooth and laterally compressed. Lorical 

plates join an abdominal area leaving long openings near anterior and posterior ends. Foot 

jointed and toes small and pointed. 

Genus: Lepadella 

b. Lepadella acuminata 

Lorica oval in shape with a pointed projection at the posterior end. Toes small, narrow 

and pointed. 

7. Family: Lecanidae 

Dorso-ventrally flattened, more or less rigid lorica, and divided into dissimilar dorsal and 

ventral plates connected by a soft sulcus. Mouth opening is not funnel shaped in the buccal 

field. Foot protrudes through an opening in the ventral plate carrying one or two long toes, in 
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some partially fused toes. 

Genus: Lecane 

a. Lecane papuana 
Lorica sub-circular, anterior dorsal margin straight and ventral with ‘V’ 

shaped sinus. Ventral plate slightly narrower than the dorsal. Second foot joint 

robust. Toes two, slender, parallel sided ending in claws with basal spicule. 

8. Family: Notammatidae 

Littoral. Trophi virgate and sometimes asymmetric. Body slender, elongated and soft. 

Corona is characterized by ventrally tilted buccal field. A small apical field and thin, usually 

large retractable ciliated ears. Foot short and stout, toes stubby. 

Genus: Cephadella 

a. Cephalodella catellina 
Body transparent and gibbous. Lateral clefts of lorica parallel sided. Foot 

small and posterior to the projecting abdomen. Toes short, nearly straight, 

tapering into acute points. 

 

b. Notommata copeus 
Body elongate and transparent. Head, neck and abdomen marked by transverse folds. 

Corona projects as bluntly pointed chin. Tail is characteristic with conical projection ending 

with blunt point. Toes slender and conical, foot glands long and club shaped. Dorsal antennae 

stout and long. Trophi asymmetrical, the left prevails over the right. Manubrium long and 

curved inwards. Stomach is seen distinctly. 

9. Family: Asplanchnidae 

Cuticle thin and delicate, body sac like or pear or conical shaped. Sometimes wing like 

side appendages present, trophi incudate, corona reduced to a circumapical band. 

Genus: Asplanchna 

a. Asplanchna brightwelli 
Body large, saccate and transparent. Intestine, foot and toes are absent. Trophi incudate 

with rami having horn like projections at outer margins of the base and inner spine at the 

middle.  

10. Family: Synchaetidae 

Trophi modified virgate or virgate, complex pair of hypopharyngeal muscles sometimes 

present. Saclike or conical or bell shaped, transparent and soft body.  

Genus: Polyarthra 

a. Polyarthra indica 
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Body illoricate and little squarish. Four groups of lateral paddles inserted dorsally and 

ventrally in the neck region. Each group with three paddles of equal length extending beyond 

the posterior and of the body. Accessory pair of ventral paddles present between ventral 

bundles.  

 
II. Order: Flosulariceae  

1. Family: Hexaarthridae 

Body transparent and conical, carries six heavily muscled arm like appendages tipped 

with feathery setae. 

Genus: Hexarthra 

a.  Hexarthra intermedia 

Body large, ventral arm with one pair of hooks and eight filaments. Unicellular five teeth, 

lower lip and foot are absent. Indistinct antennae on the dorsal side below the corona. Corona 

is rounded structure surrounded by cilia. The right arm is longer than the left. 

2. Family:  Filinilidae 

Pelagic, body delicate, saclike, three or four appendages present, which can be long 

spines or stout thorns. 

Genus: Filinia 

a. Filinia longiseta 

Body oval and transparent with long anterior skipping and a posterior spine on the ventral 

side. Spine not bulged, foot absent. The body is segmented into head and trunk. 

3. Family:  Testudinellidae 

Lorica thin, dorso-ventrally flattened, round or shield like armour, body transparent. In 

some species foot is absent.  

Genus: Testudinella 

a. Testudinella mucronata 
Lorica nearly circular, slightly stippled and anterior dorsal margin with a blunt tooth like 

projection. Foot opening ventral and at one-third distance from the posterior end. Foot is 

distinctly segmented with toes. 

 

III. Order: Collothecaceae 

1. Family: Collothecidae 

Almost entirely sessile, these rotifers have an expanded funnel shaped anterior end and 

live mostly in a gelatinous case, attached to the substratum by a long foot and disc. The 
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funnel may cause a variable number of scalloped lobes that are studded with bristles, setae or 

cilia. 

Genus: Collotheca 

a. Collotheca ornate 
Corona with five short blunt lobes arranged pentagonally with long cilia. Posterior part 

covered by transparent long gelatinous case. Hold fast short. The body narrows down 

posteriorly into a long tail portion. 

 

Cladocera: 

1. Family: Sididae 

Genus: Diaphanosoma 

Head is large, without rostrum and ocellus. Antennules are small and truncated. Dorsal 

ramus of antennae is two segmented. Post abdomen is without anal spine and claw with three 

basal spines. 

2. Family: Daphnidae 

Antennules are small, immobile or rudimentary. Antennae are long and cylindrical. 

Dorsal ramus consists of 4 segments and 3 ventral segments. Post abdomen distinctly set off 

from the body, usually more or less compressed and always with anal spines. Claws are 

mostly denticulate or pectinate. This family consists of five pairs of legs and first two pairs 

are prehensile and without branchial lamellae. 

Genus: Ceriodaphnia 

Body forms are rounded or oval in shape. Valves oval or round to sub-quadrate and 

usually ending posteriorly, sharp spine present. Head small and depressed. Antennules are 

small and not freely movable. 

3. Family: Moinidae 

Moinids are characterized by their head with a pair of long and thin cigarette shaped 

antennules. These arise from ventral surface of the head. Most species have hairs on head 

region or on shell surface. Ocellus is usually absent. Post abdomen has single row of teeth 

with no marginal spine. 

Genus: Moina 

Body is thick and heavy. Valves are thin, reticulated or striated. Antennules are large and 

movable: they originate from the flat surface of the head. Eye is located in the center of the 

head. Ocellus is rarely present. Post abdomen with bident tooth and 3-16 featured teeth is 
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present. 

4. Family: Bosminidae 

Body is short and usually oval or rounded in outline. Antennules are large and immovably 

fixed to head. They have no ocellus, abdominal process consists of six pairs of legs. 

Genus: Bosmina 

Body is usually transparent. Antennules are almost parallel to each other. Antennae with 

3 or 4 segmented rami. Post abdomen almost quadrate. 

5. Family: Chydoridae 

Body is generally oval in shape. Head is completely enclosed with in carapace. 

Antennules are one segmented and generally not extending beyond the tip of the rostrum. 

Antennae are short and consist of 3 segmented rami. Post abdomen consists of anal spines 

and lateral setae. 

Subfamily: Chydorinae 

Width of the body generally greater than the length. Head pores are separated and situated 

in the median line of head shield. Anus situated in proximal part of post abdomen. 

Genus: Pleuroxus 

Rostrum is long and pointed. Ocellus is smaller than eye. Post abdominal claws consists 

of two basal spines. 

Subfamily: Aloninae 

Head has two or three head pores situated in median line of head with two small pores 

located at either side. Claws consist of single basal spine or sometimes without basal spines. 

Genus: Alona 

Body subquadrate in outline. Values are rectangular and marked with lines. Three main 

connected head pores are situated at the median line of the head shield. Rostrum is short and 

blunt. Anus is situated in proximal part of post abdomen. 

 

Copepoda 

I.         Order: Calanoida 

1. Family: Diaptomidae 
Endopodite of P1 two segmented, endopodite of P2-P4 three segmented and P5 with 

endopodite in both sexes. 

 
II. Order: Cyclopoida 

2. Family: Cyclopoidae 
 Mandibular palp not well developed, reduced to one segment with three setae. 
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APPENDIX 3 
 
Figure 20: Schematic representation of Taxonomic classification of freshwater zooplankton. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Flagella for locomotion. 
Single nuclei. 
Reproduction by symmetrogenic 
binary fission. 
Chloroplasts with chlorophyll a & 
c2. 

Unicellular 
eukaryotic organisms 

FRESHWATER ZOOPLANKTON 

KINGDOM PROTISTA KINGDOM ANIMALIA 

PHYLUM CILIOPHORA PHYLUM DINOFLAGELLATE 

Cilia for locomotion. 
Two nuclei. 
Reproduction by 
transverse binary fission. 
No chloroplasts. 

PHYLUM ROTIFERA 

Triploblastic, bilateral, 
unsegmented 
blastocoelomates. 
Body divided into head, 
trunk and foot. 
Locomotion by the means 
of coronary cilia. 
With protonephridia for 
osmoregulation. 
No special organs for 
circulatory or gas exchange 
system. 

PHYLUM ARTHROPODA 

Bilateral, triploblastic coelomates. 
Body segmented into head, abdomen and post 
abdomen. 
Locomotion by the means of antennae. 
Circulatory system is open, dorsal heart 
present. 
Gas exchange through body or gill like 
structure. 
Males present, both sexual and asexual 

reproduction. 

SUBPHYLUM CRUSTACEA 

Body divided into head and trunk 
which may be divided into thorax 
and abdomen. 
Head has eye, antennules, antennae, 
mandibles and maxillae. Antennae 
uniramous or biramous. 
Head is surrounded by carapace except 
for copepods. 
Both ocelli and compound eye occur in 
all taxa. 

Excretion by maxillary glands 
and antennal glands 
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Endopodite of P1 two 
segmented, endopodite of 
P2-P4 three segmented 
and P5 with endopodite 
in both sexes. 
Some of the genera 
reported in India include, 
Phyllodiaptomus, 
Heliodiaptomus, 
Paradiaptomus…… 

Mandibular palp not 
well developed, 
reduced to one segment 
with three setae. 
Some of the genera reported 
from India include, 
Macrocyclops, 
Paracyclops, 
Microcyclops……. 
 

Carapace forms a 
bivalved shell. 
Antennules uniramous. 
Not more than five pairs of 
limbs behind mandibles. 
One to three pais of limbs 
before mandible. 

No carapace. 
Antennules uniramous. 
 The body has nine 
appendages usually. 
Six pairs of  biramous limbs. 
Presence of caudal rami. 
Twenty genera have been 
reported in India 

SUBPHYLUM CRUSTACEA 

CLASS BRANCHIOPODA 

Limbs usually 
phyllopodous. 
Antennules simple and reduced. 
Mandible without palp. 

CLASS COPEPODA CLASS OSTRACODA 

Carapace large 
bivalved enclosing 
trunk but not head. 
Antennae large biramous 
used for swimming. 
Eyes sessile, ocellus present. 

Trunk limbs 4 to 6 pairs. 

ORDER CLADOCERA 

ORDER CALANOIDA 

FAMILY DIAPTOMIDAE 

ORDER CYCLOPOIDA 

FAMILY CYCLOPIDAE 

ORDER HARPACTICOIDA 

FAMILY CLETODIDAE 

Harpacticoid are 
usually benthic but 
rarely planktonic. 
Tapering body with 
each segment distinct. 
Female genital 
segment with a suture 
dorsally. 
Maxilliped 
prehensile. 
Freshwater 

Eight families have been reported 
from India belonging including 37 
genera and 190 species. 
The eight families include Sididae, 
Daphnidae, Moinidae, Bosminidae, 
Macrothricidae, Chydoridae, 

ORDER PODOCOPA 

The order Podocopa consists of five 
families namely Cyprididae, 

Cyclocypridae, Notodromadidae, 
Eucandonidae and Iiyocyprididae. 

In India, 61 species of Ostracods have been 
reported. 
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Table 25: Taxonomic classification of Freshwater zooplankton 
  
TAXA ROTIFERA CLADOCERA COPEPODA OSTRACODA 
Kingdom Animalia Animalia Animalia Animalia 
Phylum Rotifera 

Triploblastic, 
bilateral, 
unsegmented 
blastocoelomates. 
Body divided into 
head, trunk and foot. 
Locomotion by the 
means of coronary 
cilia. 
With protonephridia 
for osmoregulation. 
No special organs for 
circulatory or gas 
exchange system. 

Arthropoda 

Bilateral, 
triploblastic 
coelomates. 
Body segmented into 
head, abdomen and 
post abdomen. 
Locomotion by the 
means of antennae. 
Circulatory system is 
open, dorsal heart 
present. 
Gas exchange through 
body or gill like 
structure. 
Males present, both 
sexual and asexual 
reproduction. 

Arthropoda 

Bilateral, 
triploblastic 
coelomates. 
Body segmented 
into head, 
abdomen and post 
abdomen. 
Locomotion by the 
means of antennae. 
Circulatory system 
is open, dorsal 
heart present. 
Gas exchange 
through body or 
gill like structure. 
Males present, 
both sexual and 
asexual 
reproduction. 

Arthropoda 

Bilateral, 
triploblastic 
coelomates. 
Body segmented 
into head, 
abdomen and 
post abdomen. 
Locomotion by 
the means of 
antennae. 
Circulatory 
system is open, 
dorsal heart 
present. 
Gas exchange 
through body or 
gill like 
structure. 
Males present, 
both sexual and 
asexual 
reproduction. 

Subphylum  - Crustacea 
Body divided into 
head and trunk, 
which may be 
divided into thorax 
and abdomen. 
Head has eye, 
antennules, antennae, 
mandibles and 
maxillae. Antennae 
uniramous or 
biramous. 
Head is surrounded by 
carapace except for 
copepods. 
Both ocelli and 
compound eye occur in 
all taxa. Excretion by 
maxillary glands and 
antennal glands 

Crustacea 
Body divided into 
head and trunk, 
which may be 
divided into thorax 
and abdomen. 
Head has eye, 
antennules, 
antennae, 
mandibles and 
maxillae. 
Antennae 
uniramous or 
biramous. 
Head is 
surrounded by 
carapace except 
for copepods. 
Both ocelli and 
compound eye 
occur in all taxa. 
Excretion by 
maxillary glands 
and antennal 
glands 

Crustacea 
Body divided 
into head and 
trunk which may 
be divided into 
thorax and 
abdomen. 
Head has eye, 
antennules, 
antennae, 
mandibles and 
maxillae. 
Antennae 
uniramous or 
biramous. 
Head is 
surrounded by 
carapace except 
for copepods. 
Both ocelli and 
compound eye 
occur in all taxa. 
Excretion by 
maxillary glands 
and antennal 
glands 
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Class Digononta 

Has paired ovaries 
No lorica or tubes 

Monogononta 

Lorica may be present 
or absent. 
Benthic, free 
swimming and sessile 
forms. 
Females with single ovary 
and a vitelarium. 

Branchiopoda 

Limbs usually 
phyllopodous. 
Antennules simple and 
reduced. 
Mandible without palp. 
Maxillae reduced or 
absent. 
 

Copepoda 
No carapace. 

Antennules 
uniramous. 

 The body has nine 
appendages 
usually. 
Six pairs of  
biramous limbs. 
Presence of caudal 
rami. 
Twenty genera 
have been reported 
in India. 

Ostracoda 
Carapace 
forms a 
bivalved 
shell. 
Antennules 
uniramous. 
Not more than 
five pairs of 
limbs behind 
mandibles. 
One to three pais 
of limbs before 
mandible. 

Order The class Digononta has 2 
orders, namely Bdelloidea 
and Seisonidea, but both 
the orders are primarily 

benthic and epizoic forms. 
 
The class Monogononta 
has  
3 orders namely 
Ploimida, Gnesiotrocha 
and Collothecaceae. 

Cladocera 

Carapace large 
bivalved enclosing 
trunk but not head. 
Antennae large 
biramous used for 
swimming. 
Eyes sessile, ocellus 
present. 
Trunk limbs 4 to 6 
pairs. 

The copepoda has 
three orders 
namely 
Calanoida, 
Cyclopoida and 
Harpacticoida. 
 

The Class 
Ostracoda has a 
order Podocopa 

The order 
Podocopa consists 
of five families 
namely Cyprididae, 
Cyclocypridae, 
Notodromadidae, 
Eucandonidae and 
Iiyocyprididae. 
In India, 61 species 
of Ostracods have 
been reported. 
 

Family There are 26 families 
reported in India. 

Epihanidae 

This family has 3 genus 
namely Epiphanes, 
Mikrocodides, 
Liliferotrocha 

 

Brachionidae 

This family has 5 genus 
namely Brchionus, 
Keratella, Plationus, 
Anuraeopsis 
Platyas,Notholca. 
 
Euchlanidae  

The family has 6 genus 
namely Euchlanis, 
Pseudoeuchlanis, 
Dipleuchlanis, 
Tripleuchlanis, 
Beauchampiella, Diplois 
 

Mytilinidae 

This family has 1 genus 
Mytilina which has 5 
species 

About 8 families are 
reported in India 

Sididae 

Trunk and thoracic 
limbs covered by 
valves. 
Body length much 
greater than the height. 
Head clearly delimited. 
Antennae not 
branched. 
 
Bosminidae 

5 to 6 pairs of thoracic 
limbs, dissimilar. 
Antennae fused with 
rostrum. 
 
Chydoridae 

Antennae not fused 
with rostrum. 
Dorsal and ventral 
rami of antennae three 
segmented. 
 

Daphnidae 

Dorsal ramus of 

The order 
calanoida has a 
single family 
Diaptomidae 
Endopodite of P1 
two segmented, 
endopodite of P2-
P4 three 
segmented and P5 
with endopodite in 
both sexes. 
Some of the 
genera reported in 
India include, 
Phyllodiaptomus, 
Heliodiaptomus, 
Paradiaptomus…
… 
 
The order 
cyclopoida has a 
single family 
Cyclopidae 
Mandibular palp 
not well 
developed, 
reduced to one 
segment with three 
setae. 

The order 
Podocopa has 
five families – 
Cyprididae, 
Cyclocypridida
e, 
Notodromadida
e, 
Eucandonidae, 
Iilyocyprididae 
 
The family 
Cyprididae has 
4 subfamilies 
namely 
Cypridinae, 
Cyprettinae, 
Stenocyprinae, 
Cypridosinae.  
 
The family 
Cyclocypridida
e 
Has 1 species 
namely 
Physocypria 
fufuracea 
 
 
The family 
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Mytilina ventralis 
Mytilina ventralis 
brevispina 
Mytilina ventralis 
macracantha 
Mytilina mucronata 
Mytilina bisulcata 
 

Trichotridae 

The family supports 2 
genus namely Trichotria, 
Macrochaetus 
 

Colurellidae 

The family has 3 genus – 
Colurella, Lepadella, 
Squatinella 
 

Lecanidae 

This family has the single 
largest genus Lecane 
among rotifera with 70 
species. 
 

Proalidae 

This family has single 
genus with two species 
namely Proales decipiens 
Proales indirae 
 

Notommatidae  

The family is 
represented by five 
genus namely 
Cephalodella, 
Esophora, Notommata, 
Itura,Taphrocampa 
 
Scarididae 

The family has a single 
species namely 
Scaridium 
longicaudatum 
 
Linidae 

The family has a single 
genus Lindia  
 
Trichocercidae 

The family has a single 
genus with 21 species. 
 
Asplanchnidae 

The family has 4 genus 
Asplanchna, 

antanne 3 and ventral 
ramus 4 segmented. 
Antennules immovable 
and short. 
 

Moinidae 

Antennae movable and 
mostly long. 
Antennules situated in 
the posterior side of the 
head. 
 

Macrothricid

ae 

Antennule in the 
anterior side of the 
head. 
 

Leptodoridae 

Trunk and thoracic 
limbs not covered by 
valves. 
Head elongated. 
 

Podonidae 

Trunk and thoracic 
limbs not covered by 
valves. 
Head short. 
Caudal appendage very 
short. 
 
 
 
 

Some of the 
genera reported 
from India include, 
Macrocyclops, 
Paracyclops, 
Microcyclops……. 
 
The order 
Harpacticoida has 
a single family  

Cletodid

ae 

Harpacticoid are 
usually benthic but 
rarely planktonic. 
Tapering body 
with each segment 
distinct. 
Female genital 
segment with a 
suture dorsally. 
Maxilliped 
prehensile. 
Freshwater 
planktonic species 
reported from 
India include 
Cletocampus 
albuquerquensis…
… 
 

Notodromadida
e has 2 genera – 
Centropypris, 
Indiacypris 
 
The family 
Eucandonidae 
has a single 
species 
Canadonopsis 
putealis 
 
The family 
Iilyocyprididae 
has single 
species – 
Ilyocypris 
nagamalaiensis     
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Asplanchnopus. The 
genus Asplanchna are 
predatory rotifers. 
 
Synchaetidae 

The family has 2 genus 
namely Polyarthra, 
Synchaeta with 6 and 5 
species respectively. 
 
Gastropodidae 

The family has 2 genus 
Ascotrocha, Gastropus 
 
Dicranophoridae 

The family has single 
genus with 5 species 
namely Dicranophorus 
dolerus 
Dicranophorus tegillus 
Dicranophorus 
epicharis 
Dicranophorus 
forcipatus 
Dicranophorus lutkeni 
 
Order Gnesiotrocha 

The order has 6 
families. 
 
Floscularidae 

The family has 5 genus 
– Limnias, Floscularia, 
Beauchampia, 
Lacinularia, 
Sinantherina  
 
Conochilidae 

The family has single 
genus with six species – 
Conochilus arboreus 

Conochilus dossuarius 
Conochilus hippocripis 
Conochilus madurai 
Conochilus natans 
 

Hexarthridae 

The family has 1 genus 
with four species – 
Hexarthra intermedia 
Hexarthra mira 
Hexarthra bulgaria 
Hexarthra fennica 
 

Filinidae 

The family has 1 genus 
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with 5 species Filinia 
longiseta 
Filinia opoloensis 
Filinia pejleri 
Filinia cornuta 
Filinia terminalis 
 
Testudinellidae 

The family has 1 genus 
Testudinella with 6 
species 
 
Trichosphaeridae 

The family has 1 species 
namely Horaella brehmi 
 

OrderCollothec

aceae 

The order has 1 family 
 

Collothecidae 

The family has 2 genus 
with 4 species – 
Cupelopagis vorax 
Collotheca ornate 
Collotheca trilobata 
Collotheca mutabilis 
 

Order Bdelloida 

The order has 1 family 
with 18 species 
 

Philodinidae 

The family has 4 genus – 
Rotaria, 
Pseudoembata, 
Philodina 

Macrotrachela 
Genus  Sididae 

The family consists 
of 4 genus – Sida, 
Pseudosida, 
Latonopsis, 
Diaphanosoma, 
 
Daphnidae 
The family has 5 
genus – 
Ceriodaphnia, 
Daphnia, 
Daphniopsis, 
Scapholeberis 
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Simocephalus 
 
Moinidae 
The family has 2 
genus – Moina, 
Moinodaphnia 
 
Bosminidae 
The family has 2 
genera – Bosmina, 
Bosminopsis 
 
Macrothricidae 
The family has 4 
genus – 
Macrothrix, 
Echinisca, 
Streblocerus, 
Ilyocrptus. 
 
Chydoridae 
This family has 
two subfamily 
Eurycercinae, 
Aloninae 
Eurycercinae 
The subfamily has 
4 genus – 
Eurycercus, 
Pleuroxus 
Alonella, 
Chydorus. 
Aloninae  
The subfamily has 
10 genus – Alona, 
Acroperus, 
Camptocerus, 
Graptoleberis, 
Leydigia, 
Biapertura, 
Oxyurella, Kurzia, 
Euryalona, 
Indialona. 
 
Leptodoridae 
This family has a 
single genus 
Leptodora 
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