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PREFACE

The thesis is an attempt to investigate the limnological studies of river
Kharkai at rivers meet {Domohani) and Adityapur, Jamshedpur (Jharkhand).
The studies on limnology of river Kharkai has undertaken to test and
substantiate the prediction of abiotic and bictic factors, quantitative and
qualitative analysis of phytoplankion and zooplankton at seasonal levels,
benthic fauna such as insects, fishes, molluscs and macrophytes of the river
water body and their systematic account.

The thesis has been completed in five chapters. Chapter 1 deals with
the physiography of the study area while Chapter 2 describes materials and
methods used in this investigation. Chapter 3 is divided into six parts : The
first part deals with the seasonal frends in certain physic-chemical
parameters, the second part accounts for the quantitative and qualitative
analysis of Phytoplankton and Zooplankton. The third part accounts for the
qualitative analysis of benthic macro invertebrates on the background of
taxonomic foundation. The fourth part deals with the accounts of vulnerable,
endangered, rare and endemic ichthyofauna species while fifth part deals with
Macrophytes and the sixth part deals with temporal change in planktonic
fauna.

Chapter 4 is divided into two parts. The first part discusses the
seasonal trends of certain physic-chemical parameters and their roles and
correlation. The second part discusses seascnal variations, periodicity and
population dynamics of Zooplankion and Phytoplankton groups and other
benthic forms in relation to the physico-chemical factors,

The present dissertation deals mainly with the following aspects of the
River Kharkai at three research sites:-

1. Physiography of the study area
2. Physico-chemical parameters of the water
3  Quantitative and qualitative analysis of phytoplapkton and zooplankton

and their systematic account
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4. Benthic Macro-invertebrates and their systematic account

5. Macrophytes of the river water

6. Qualitative analysis of vulnerable, endangered, rare and endemic
Ichthyofauna of the river at three sites

7. Temporal change in planktonic fauna and their variational trends

8. Discussions done on the basis of observations and results are
explained under two major headings-
First — Physico-chemical parameters and their seasonal frends.
Second - Study in relation to seasonal variations, periodicity and
population density of planktonic and other benthic forms.
The thesis embodies 19 tables as well as 11 figures. There are 24

plates. The references contain 226 entries of papers including 6 research

articles published which have been cited in the text.
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INTRODUCTION

Water (in liquid state) covers about 3/4" of earth’s surface, either as
ocean or as freshwater and contains life in one form or other. Aquatic
ecosystems are historically the source of life on the earth. The omnipresent
environmental factor which sets the tone for all aquatic systems is “water”,
which makes the aquatic system in many ways. It is the medium within which
all aspects of the eco-system co - exist, it is the source of all nutrients for
aquatic life including the gaseous nutrients such as O and CO.. Freshwater
has always been of vital importance and early habitations of men were within
easy reach of lakes and rivers. Primary concern for water for human being
was primarily for drinking, food and as a means of cleaning. But with due
course, the importance of water was more and more recognized by man.
Further it explores much the mysteries of aquatic phenomenon and it was
established that water is the basis for all life activities, be it lake or river.

India is a vast sub continent of contrasts with its varied physical and
meteorological features. The freshwater habitats are a kaleidoscopic as the
land itself, the hill streams with torrential falls, precipitous rocks, the broad and
long placid rivers with their extensive deltaic and estuarine system and tanks,
lakes, brackish waters and pools form the major inland aquatic media
according diverse animal groups. The animals vary in size from minute
microscopic to some of the large ones measuring several centimetres in
length. Extensive comparable probes were felt to crack the mysteries of any
freshwater habitat be it lake or river.

The atmosphere and the lithosphere :are linked directly by the
hydrosphere. The relationship between the terrestrial and aquatic ecosystem
is a functional one and the ecological consequences of this linkage are
profound in shaping the inhabitability of the biosphere. Aquatic ecosystems
are of various types such as oceanic, riverine, lacustrine, marshy and
swampy. Deep clear and larger freshwater ecosystem have attracted the

attention of ecologists from the very beginning of 20" century and a no. of



works have been done by various workers on individual freshwater
ecosystems. Freshwater comprises the lentic (stagnant) and lotic (flowing)
water. Lentic environments are developed due to multiple effects of physical
and biotic forces whereas lotic environments are formed only due to physical
forces.

Lentic environments have been extensively investigated mostly due to
the stability of their flora and fauna facilitating long time observations. Lakes
and ponds besides swamps and impoundments are categorised under lentic
environments.

Lotic water includes rivers and streams which are major features of
most types of landscapes. Their total area is only about one thousandth of
that of the land surfaces as compared by lakes. Rivers annually carry out
37,000 cu. km of water to the sea, which is equivalent to about 15 cm. of
rainfall spread over the entire land surface (Schmitz, 1961).

Lotic water includes rivers and streams which are major features of
most types of landscape. Their total area is only about 1/1000" of that of the
land surfaces as compared by lakes. Rivers and streams carry about 37,000
cu. km. of water to the sea, which is equivalent to about 25 cm. of rainfall
spread over the entire land surface (Schmitz, 1961). This is a considerable
proportion of the water present at any one time in all freshwater lakes, for
which the Figures 200,000 cu, km. and 123,000 cu. km. (30,000 cu. miles) are
variously guoted by Schmitz (1961) and Leopold et.al. (1964). An enormous
volume of water is therefore involved, Schmitz has calculated that taking the
mean height of the land surface as 825 m above sea level, the amount of
energy expanded by running water in a year is 10" kwh or about 100 times
that produced by man from all sources in 1950.

Only 2.8% of world’s total water occurs on the land and of this most
{(2.24%) is locked up in polar ice-caps and glaciers. Lakes account for only
0.009% of the total and at any given time only 0.0001% of water is in river
channels. This is the only one tenth of the amount in the atmosphere and very
much less than occurs in the ground water (0.61%).{Leopald et.al 1964).

Despite their size and grandeur and their importance in erosion, even the



great rivers of the world are thus relatively insignificant features of our planet.
In human terms, however their significance is enormous (Shadiv, 1956)

The water that flows in streams and rivers come of course, from
precipitation, but only a fraction of rain which falis actually reaches the water
courses. Some is immediately evaporated back into the atmosphere from
rocks, soil or vegetation. Some enters the soil, where it is taken up by plants
transpired, some is lost into the deep ground water, and only remainder
enters the soil or as shallow seepage. Rainfall varies with season and from
year to year, because most of the losses outlined above are to some extent,
independent of rainfall. The quality which enters the stream is extremely
variable. It is, as it were the remnant of a variable from which a more or less
constant amount is deducted and it is thus even more irregular than the
precipitation itself. For example, Leopold (1962) calculated that the average
annual rainfall of 30 inches (76cm.) which falls on the United States only 9
inches. (23cm.) gets into the rivers, so that in a year in which precipitation
varies only 1 inch, about 3% from the average, stream flow is likely to alter by
about 10%.

In fact, much of the water which does ultimately reach the streams
goes first into the shallow underground reservoir of the water table and is
released more or less slowly into the channels and this smoothing out of
variations in flow is much influenced by vegetation (Rutter, 1958). Forests
increase the area from which evaporation can occur and they transpire
enormous amount of water, reduce the total volume which find its way into the
channels. They also, however cut down immediately, run off and tend lo
maintain moist soil, so that they usually result in’ more steady stream flows.
The ways in which water flows and the fact that it actually forms the pattern of
rivers and streams and their beds, are fundamental to most of the properties
of biotic habitats in running waler.

Running water provides an environment quite different from that in
lakes and pond. The flow in one direction produces many effects which
determine the kind of plants and animals that can livetin such a habitat. As

there are many types of ponds and lakes, there is a great diversity in running



water environments such as rusting mountain torrent, shallow streams, and
wide sluggish river. All leave their characteristic flora and fauna. Oxygen
supply is abundant in these habitats and the temperature remains almost
constant.

In rapid streams all small particles from the stream bed are removed by
the flowing water and the substratum is composed mainly of stones, rocks,
gilders and large boulders. In low land streams as well as tidal reaches, the
rate of flow is greatly reduced and large quantity of muddy debris gets
deposited. Running waters are marked by the conspicuous absence of many
rooted plants. Absence of higher vegetations as well as movement of water
prevents the accumulation of humus. Running waters are colder than the
stagnant water during the summer months. One of the major characteristics
features of running water is relative absence of plankton.

In geographer's words an ideal river is that "which rises in the
mountains,‘to the foot hills, where it is still swift enough to carry sand and
small stones along and so retain a gravel bed, when it reaches the plains, it
tends to deposit silt and indulge the meander”. But many rivers, indeed most,
do not confirm in detail to this scheme, even if they happen to rise in
mountains and flow through foot hills on to plains (Mecan and Worthington,
1951).

The natural characteristics of river are altered primarily by the nature of
soils and other local climatic factors. Most typical rivers according to Hynes
(1979) present to distinct zones in their bed-riffles, {errosion zone) and pools
(deposition zone). On physical basis however, lllies {1961 b) divide the rivers
into two groups: a) A swift, strong, upland rivers (Rhithron) and b) A lower
sluggish reaches (Potamon). Many organisms of rivers and sireams are
regulated in the existence and densities by the nature of riverbeds than by
general physical state of river. Thus the geographer’s definition of an ideal
river in most cases does not hold good because of local variation. Considering
the work of Butcher (1993} and Ricker (1934), it can be concluded that rivers
are strict individualists, each of which varies in its own way so as to make

nonsense of anything but a very broad general division. Such a division may



be finally made at level of geography, but at a level of detail study of animals
and the plants, it is the local conditions, some of which ecologists call
microhabitat, that over side all other considerations.

A stream is defined as a water body with its load of dissolved and
suspended inorganic and organic materials flowing towards a lower level
following the line of least resistance. The volume of water of a stream as a
whole, flows in one direction.

The running water ecosystem can be divided into two major zones
namely Rapid zone and Pool zone.

Rapid zone is the shallow water zone where velocity of current is
maximum and is occupied by the organisms living in sediments or attached to
stems and leaves of roots, plants or other surfaces or by strong swimmers. |t
can be defined as “the portion of the stream in which the flow is both rapid
and turbulent.” Everything that is not attached or weighted is swept away by
the current including organism as well as sediment particles. The substrate
tends to be rock or gravel and the fragments are rounded and smoothed by
the water. The habitat itself is an extremely diverse one. The majority of
primary consumers of such a micro habitat are detritus-eaters.

“Pool zone” represents the deep water where velocity of current is
reduced and silt and other materials tend to settle at the bottom. It provides a
soft bottom for burrowing forms.

A wide variety of animals and plants occur on or in the bottom of
streams, rivers, ponds, lakes and reservoirs. The name henthos is given to
such “bottom dwelling organism” or are “organisms attached to, resting on or
living in the bottom”. The benthos can also be defined as “that assemblage of
animals living in or on the sediments and dependent upon the decomposition
cycle for most if not all of its basic food supply”. Benthic macro invertebrates
are defined as invertebrates that are retained by a net or sieve with an
aperture of 0.6 mm {Elliot et.al. 1980).

Benthos occur virtually in all aguatic ecosystems. The benthos living
above the sediment water interface are termed benthig-"“epifauna” and those

living in the sediment itself are termed “Infauna”. The term Bottom includes



the substratum at the shore line as well as that at the greatest depth of any
water body. Living conditions vary not only at different depths but also with
physical nature of substratum

The “community” is defined as an assemblage of a number of
organisms usually of different species, which occupy the same habilat. Thus
the “community” is essentially a biotic community since the plants, animals
and micro organisms all interact with each other and can not be separated.
The concept of community was first visualized by Farbes (1844) as "Regions
distinguished from each other by association of species” and later recognized
by Mobilus (1877} as “the biotic nature of the community” and considered it
as a community of living beings “where the sum total of species and
individuals mutually limited and selected have continued in possession of a
certain definitic territory”.

The community may be defined as a “Functioned system of interacting
niche differentiated species populations that tend to complement one another
rather than directly competing, in their utilization of the community’s space,
time resources and possible kind of interactions”.

A “population” may be defined ecologically as a group of organisms of
the same species occupying a particular space. Such a population is the basic
unit of the community. Each species population is independent in its
occurrence and can form a part of any community subject to its interactions
with other species populations.

The density of a population is the number of individuals per unit area or
volume. It is the quantitive characteristics of the community. It will be worth
while to note that the “density of a population varies with time and space”.

The population density may be expressed as "crude density” that is,
the density measured at a place at a particular time.

However, the population may occupy only certain favourable parts of
the total area. The density expressed on the basis of measurements in such
area alone is called “specific or ecological density”. The density is measured
by actual count of organism in a known area or volume.,In case of animals the

‘actual count is usually difficult and hence it is determined by the capture and



recaplure method involving marked individuals whose proportion in the total
catch gives the estimate of the population density. This density is affected by
a no. of environmental factors.

The physical and biological link between areas and land is
“Freshwater”. It is discussed earlier that it includes rivers and lakes etc. The
study of organism in relation to fresh water habitat (e.g. ponds, lakes and
streams) constitute freshwater ecology where as various physico chemical
aspects of freshwater such as chemical, geological, physical and biological
come under the term “Limnology” In other words Limnology embraces the bio
- chemical and ecological characteristics of the fresh water organisms, while
freshwater ecology emphasizes the interreiationship between organism and
the immediate environment.

As discussed earlier, rivers are large water bodies constrained in a
channel {(Rao, 1979) whereas a stream is water mass with its lpad of
dissolved and suspended organic and inorganic matters flowing fowards a
lower level adapting the lines of least resistance. Laminous flow may occur in
shallow streams or in channels which have smooth sides. In such channels,
water may move slowly in paths that are straight and and parallel {o the sides
of the channel. Turbulent flow of water occurs in mountain streams having
irregular and rough beds and resulfs in the formation of eddies and circular
currents.

No doubt, rivers and streams are major features of most types of
landscape, but their total area comprises only about 0.1% of the total land
surface as compared to 1.8% of that area which is occupied by lakes.

A river system normally consists of a pattern of channels such as
rivulets, streams and tributaries joining one another and coalescing to form
the main stream. Most drainage systems have a definite type of morphological
pattern. However drainage pattern of few stream system may differ the
common morphological pattern, because they have imposed upon them all
sorts of factors in the geological history of the area, which may have a marked
influence. The idea of drainage was first proposed by Robert A.Harton and

later adopted by Leopold et.al. (1964) with lit.tle modifications. It is the study



of the relationship of stream length to stream order. It is observed that there
are usually some fairly clear relationships among orders, numbers, lengths
and drainage areas of streams. It is usually found that there are between
three and four times as many streams of order n-1 as there are of order n and
that each is, on average rather less than half as long and drains rather more
than one-fifth (1/5") of the area (Leopold ef.al. 1964). According to scheme of
drainage analysis “stream order is the measures of the position of stream in
the hierarchy of tributaries”. First-order streams have no tributaries and are
perennial streams or those persist for at least long enough to develop bio-
data. When two first order streams meet they become a second-order stream.
Two second-order streams meet to form third-order stream and so on.
However, acquisition of extra tributaries of an order lower than that of the
receiving streams does not increase the order of that stream. A third order
stream may receive several first or second order tributaries without becoming
a fourth-order stream. The concept of stream order may prove of value to
biologists in classifying water courses, in identifying zones of running water
and in examining distribution of organisms in stream order (Kuchne, 1962).
Besides stream orders, rivers are classified on a number of ways
depending on various criteria, such as reservoir rivers, flood rivers, tropical
forest rivers, Savanna rivers, desert rivers and tundra rivers. Reservoir rivers
have extreme lakes, swamps or flood plains near the head waters resulting in
the gradual release of flood waters and sustained flow with only slight
variations in flow rate. Flood rivers have extreme annual fluctuations in water
level from flood to complete desication during dry season. Tropical forest
rivers have evened out flow because retention of water in the flooded
forests.The pH, alkalinity and silt foad are low in such rivers. Savanna rivers
may either be of sand bank type which frequently cease to flow or even dry
out seasonally depending on the form of the basin. The pH of water rarely
extreme but usually ranges between slightly acidic to alkaline, conductivity is
reasonably high. Desert rivers have considerable high alkalinity and
conductivity due to evaporation. Such rivers receive no tributaries, tend to

resemble flood type and end up as salt marsh or lake. Tundra rivers drain



arctic and sub arctic zones, flow regimes depend on water freezing. The water
has poor ionic contents as the land on which they flow are denned of top soil
during glaciations. Streams and rivers change along their course in relation to
various physic - chemical parameters such as substratum, temperature
turbidity, depth, speed and nature of flow and load of suspended particles
along their long stretch over varying edaphic and eco-climatic condition.
These are the important factors that influence the distribution of biota at
various sections of a river and as such running waters display longitudinal
zonation. These phenomenon have been used as means of classifying water
course by many limnologists (lllies, 1955; Cummino, 1974; Merritt and
Cummino, 1978; Vannote et.al. 1980).

On the basis of formal differences and characteristics of physico
chemical parameter (lllies, 1955) divided river stretches into two major zones-
Rhithron and Potamon. Later in the year 1963, llies and Botosamenn
proposed to distinguish ftwo more zones above the Rhithron. We have,
therefore a series of zones, e.g. Encrenon, Hypo crenon, Rhithron and
Potamon. Encrenon and Hypocrenon are spring region and spring brooth
region and are present above the Rhithron. Rhithron is the region extending
from the source of the point where the mean monthly temperature rises upto
20°C, oxygen concentration rises upto 20°C. Oxygen concentration is always
high, flow is fast and turbulent and bed is composed of rocks, stones or
gravels with occasional sandy and silty patches. The fauna is cold,
stenothermic, characteristics of running water and true plankton are either
very few or absent. Rhithron zone ranges from strong streams to small rivers
and can often be faunistically divided into epi, meta and hyporhithron.
Potamon region is characterised as a stretch of river where the monthly
mean temperature rises to over 20°C, Oxygen deficits may occur at times,
flow is slow with a tendency to become laminar and the riverbed is mainly
sandy or muddy. The zone is often rich in plankton and has eurythermic or
warm stenothermic fauna. On faunistic grounds, Potamon is also divisible into

epi, meta and hypopotamon. The hypopotamon is the sea. The potamon

. stretch consists of braided and meanandric forms.




Since temperature is an important factor of such classification the point
of change from Rhithron to Potamon tends to lie at higher altitude to lower
altitude. At very high latitudes the water is always cold, so Potamon region
may not occur at all. Similarly in tropics the water is always warm at low
altitudes so a true Rhithron is absent.

Since the nature of substrate changes in different zones of river, it is
possible to distinguish fairly definite benthic fauna associated with particular
substrate type. As we pass from Crenon through Rhithron to Potamon,
generally the individual units of the mosaic of substrata increase in area.
Rocks, gravels, stones and sand occur in small patches epi, and metarhithron
but in hyporhithron the rifle and pool structure tends to produce large area of
gravel and silt and this increase in size of uniform areas becomes remarkable
in epipotamon (lllies, 1958).

Rivers are viewed in terms of entire water shed rather than just the
actual body of water flowing in the channel. Both rivers and the landscape
upon which they flow have been considered as one system {Leopold and
Maddole, 1953). The river stretch cannot be considered in isolation simply
because the environmental change in catchment area due to such factor as
deforestation, industrialization, cultivation and fertilization etc. exert influences
on the physico chemical properties of water, organic load, sedimentation rate
and ultimately on distribution of invertebrate communities. This river
continuous concept emphasizes the need to treat river as a “continuum” from
source to month including the catchment area, tributaries, main stream and
distributaries. The physical variables within a river system present a
confinuous gradient and physical conditions. The river continuous concept
provide framework for integrating predictable biological features of the
system. Scraper dominance follows shifts in primary production being
maximized in mid sized rivers. With increasing river size and general
reduction in detrital particle size, collectors will increase in importance and
dominate the large sized invertebrates assemblage of large rivers. Predators

would be well represented throughout the course of river.
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REVIEW OF LITERATURE

At a time when limnology was emerging in United States, the science
was well developed in Europe. As early as in 1850, F.Simony studied thermal
stratification in Austrian lakes. Anton Fritisch began studied lakes in the
Bophemian forests around 1888.. These studies through mainly concerned
with physical limnological studies on temperature and water movement, but
they soon established the worldwide similarity of a variety of lake phenomena.
At about the same time Russian limnologists emphasized aquatic bacteriology
and studies Vinogradskay, S.|.Kutznetsov, G.G.Linberg and V.|.Romanenko
helped originate and sustain the interest in this often neglected area of
microbial limnology.

Limnology grew steadily through the early part of the twentieth century.
The four American investigators, C.A.Kofoid, James, G.Needhan, E.A.Brije
and C.Juday dominated the American Limnology at the twentieth century. The
Birje and Juday published their first joint paper in 1908 and both continued to
make significant contribution to limnology for about 30 years.

Many valuable works in form of journal and text books have come out
since then. However at Yale University, G.Evelyn Hutchinson began a
comprehensive “Treatise on Limnology’(1957, 1967, 1973) which has become
a standard reference work on the subject throughout the world.

On January 1, 1936 the Limnological society of America was formed.
Twelve year later, in 1948 it was recognized as the American society of
limnology and oceanography. This provided integration among limnologists ,
oceanographers, and marine biologists on the one hand, and paved a
common outlet for the publication of scientific papers on all aspects like
physical, chemical, geological and biological of phenomena exhibited by
natural bodies of water. The year 1948 also marked the formation of the
Freshwater Biological Association in Britain. In Italy the Institute Haliano di
hydrobiologia, furthered the science through intensive study of Northern

ltalian lakes. The institution also become a Mecca-for visiting scientists



throughout the world who utilized the intellectual climate and the excellent
library.

The field of limnology has largely been developed through the study of
physical, chemical, biological and evolutionary structure of lakes. However the
idea of food chains or spatial heterogeneity, has been best understood
through studies of rivers and estuaries. In recent years, new generation of
scientist who hope fo cure the pollution of the World’s water bodies, especially
lakes, streams and estuaries by applying basic limnological principles.
Limnology have now achieved a youthful step and the experienced
limnologists can in most cases accurately predict ecological problems in most
areas of the world without even visiting the sight. Limnologists have been
playing an increasing role in the decision-making.

Limnological research in India has a late start. Early investigations
were mostly descriptive and observational. Many other studies subsequently
refated to listing of species both animals and plants phytoplankton's
macrophytes, microflora, zooplankton, benthos and periphyton in aquatic
habitats. This type of work is still going on to fulfil this objective, it is necessary
to gather data collect information and investigative processes and interaction
between different plants, animals, microorganism and biotic communities with
one another and with the physical environment. Although much information is
available on the biology of freshwater plankton, zooplankion occurring in
different waterbodies occurring in many parts of the world. Our knowledge of
the species occurring in different water bodies of freshwater system in India,
the present study will on the one hand add information to the previous pool of
knowledge in the country and on the other, it will also provide a complete
picture of the physico-chemical characteristics of the River Kharkai at .

Purely, physico-chemical investigations in lotic waters in India have
been done by a number of workers. Their studies include, diurnal, seasonal,
horizontal and vertical variations, ranging from water bodies in plain to high
altitude water bodies. To name some such investigators, Zafar (1964), Singh
{1965), Aboo and Manuel (1267), Bhuyan (1970), Unm {(1971), Mandal and
Hakim (19753), Vyas (1978), Purohit and Singh (1981), Khanna and Badola



(1987), Shrivastava and Renu (1988} are Pioneers and path finders in the
phyto and Zooplankton studies.

Besides the above general works there have been specific studies on
taxonomy and biochemical aspects on various aquatic organisms (Michael,
1980), but general works on benthos are very limited (Srivastava, 1956,
Hussain 1965. Bose et.al. 1978, Gupta 1979, Roy et.al. 1980, Mahato 1390).

The dominated physico-chemical factors like transparency, dissolved
O,, free CO,, alkalinity , pH and nutrients have been described as the trophic
status indicators by Moyle (1946), Mendis (1956), Hutchisnson (1967),
Sreenivasan (1969-1974), Jayaongaudar et.al. {1984), Singh et.al. (1986) and
Arya et.al. (1987).

Seasonal variations in physico-chemical characters of water and their
relationship to phytoplankton dynamics have been primarily investigated by
Vyas (1968), Tandon (1977), Grover et.al. (1981), Dakshini and Gupta (1984),
Prasad et.al. (1985) and many others too. Similarily, George (1966), Kant and
Kanchroo (1977) Hasmani and Bharti (1980 and 1983), conducted valuable
comparative studies between different water bodies for physical and physico -
chemical properties.

Wrigh (1958) Richaman (1974) and Zaret et.al (1976) have also
observed the Symbiotic association of phytoplankion and zooplankton.
Edmouson (1965) found the reproductive rate of the planktonic rotifers Kerfoot
(1974) studied cyclomorphosis in egg size of Copepods, Allan investigated life
history patterns in zooplankton.

The idea of the co-existence of Zonal distribution of animal in rivers has
developed from some early studies (Steinmann, 1907; Selfold, 1911;
Thienemann, 1912). The zonation of fish fauna or at least some indication that
fish communities change along the length of rivers has been reported by
several limnologists from continents like North America (Frunk and Campbell,
1953), Fair amount of information regarding zonal arrangement are available
in groups like Amphipoda (Thienemann, 1950), Decapoda (Hynes etf.al
1961), Ephemeroptera (Mecan, 1957), Plecaptera (Hynes, 1941), Odonata
(Zahner, 1959}, Chironomidae (Thieneman, 1954).



In recent years species - species studies with regards to their
distribution and abundance has been carried out in various lotic habitat.
Geurold etal (1992) made an extensive study of physico-chemical
characteristics and the macro invertebrate communities of six str;ams
draining a small granite catchment exposed to acidic precipitation (Vosges
Mountains, North Eastern France). Among the six streams, five were affected
by acidification and characterized by low pH ( x 5.4 ) low HCO3 concentration
and elevated aluminium concentrations. Only one stream was normal with
almost neutral pH ( x 6.90 ). They found that the macroinvertebrate
communities of the acidified streams were strongly affected as compared to
the non-acidified one. Species richness abundance and diversity were
remarkably low when acidification occurred. All the major taxonomic groups
were affected but molluscs and ephemeropterans were found to be most acid-
sensative organisms while plecopteran and oligochaetes appeared to be
resistant ones. However, they observed that recolonization of acidified
streams was possible during summer.

Cerfolli and Rossi (1995) worked on the numerical variation in three
coexisting macro-detrivore species {Proacellus coxalis, Planorbarinis corneus
and Bithynia tentaculata) under different levels of vertical forces in aquatic
macrocosms and substantiated the Hrbacek et.al. (1961} hypothesis that in
aquatic ecosystem the abundance and biomass size spectra of large trophic
categories (eg : phyto-plankton, zooplankton, planktivores and piscivores) are
controlled by vertical forces.

Then there has been an unnoticed drift from the individual micro
herbivore study to the study related to population’and of community structure
of the zooplankton by yet another group of interested workers from the field of
aquatic biology. Pennak {1957) investigated species composition of a
zooplankton community, Weibe (1970} of Oceanic zooplankton, Likens and
Gilbert {1970) of planktonic rotifers, Patalas (1971 and 1974) on crustacean
plankton communities of 45 different lakes in North Western Ontario, Green
(1972) on latitudinal variation in Rotifera, Rigleer .(1974) on population

_statistics of Copepod, Rultner Kolisko (1974) on comparative study of four zoo



plankton communities, Lewis (1979) on zooplanktonic community dynamics
and Fernando (1980) on fresh water zoo plankton structure.

No limnological studies have been carried out in detail on this
economically important river of Jharkhand. Study of blood changes
parameters in Channa orientalis after the infection of Genera-Chopsis goppa
(Ozakil) studied by Dr. K.C.Bose, Ranchi University, Ranchi and Dr.
A.K.Sinha, Jamshedpur.

David Turtan, project manager (Jamshedpur Operation) of Veolia, a
multinational water management firm based in France worked on a contract to
manage water operation for a number of industrial town in North East India.

Turtan said - Kharkai is more polluted river in comparison to
Subernarekha as most of the untreated waste from industries and domestic
use are dumped into it. Discharge from many small and medium scale
indusiries of Jamshedpur are seen to flow in Kharkai which empties into
Subernarekha at Domohani.

The present study was undertaken towards the fulfilment of the same
project. The studies on limnology of river Kharkai at river's meet (Domohani}
and Adityapur, Jamshedpur (Jharkhand) under taken to test and substantiate
the prediction of abiotic and biotic factors, quantitative and qualitative analysis
of phytoplankton and zooplankton at seasonal levels, heavy metals
investigation and benthic fauna such as insects, fishes, molluscs and

macrophytes of the river water body and their systematic account.
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CHAPTER - 01

PHYSIOGRAPHY OF THE
STUDY AREA

The state of Jharkhand lies on south-eastern part of India, extends
from latitude 22° N to 25° N and longitude 83° 22" E to 87° 02’ E and is
divisible into North and South Chhotanagpur plateau (extends from latitude
21° 50" N to 24° 59' N and from tongitude 83° 48’ E to 86° 63’ E). This plateau
lies on basemert of Archean rocks mainly granites and schists varying
incomposition from place to place. The colour of the soil is red or rusty brown
due to weathering of several types of rocks. The Chhotanagpur Plateau
consists of four plateaus in which the lower part of Outer Lower Chhotanagpur
(500 to 1000 m above the sea level} is one. Out of four drainage system in
Lower Chhotanagpur- Subernarekha, Sank, South Koel river and Kharkai in
south-east direction, the Subernarekha valley is located in the eastern part of
Ranchi district and whole of Dalbhum subdivision (South eastern part of
singhbhum district). The area of west singhbhum, east singhbhum saraikella-
kharsawan district is directly drained to the Bay of Bengal through the
Subernarekhaeast River. The considerable geolocical wealth of lower
Subernarekha valley includes iron, copper, asbestos, kyanite, manganese,
china clay and limestones. It is most importnat region with regards to
industries. The chief tributary of the Subernarekha.is the Kharkai river.
KHARKALI RIVER:

The Kharkai river arises in Mayurbhanj District, Odhisa, on the north
slopes of Dasbarmela Parwat and the western slopes of Tungru Pahar. It
flows past Rairangpur and hits north near Saraikela and then east, entering
the Subernarekha in north western Jamshedpur. The geographic location of
Jamshedpur is 86°04' to 86°54’ East latitude and 22°12' to 23°01’ North
Longitude .
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River Kharkai surrounds Adityapur from three sides (except west) and
is connected with the well known cosmopolitan city of Jamshedpur (famous
for TATA STEEL) through a bridge over the river of Kharkai (east of
Adityapur) and recently formed Bridge with marine drive road.

The limnological work on river Kharkai was carried out for a period of
two years, March 2012 to Feb 2014 on the different aspects at three different
spots. The first spot was at “Baba Kutir Ashram”, Adityapur (District
Seraikela-Kharsawan), the second spot be near the “Jayprakash Udyan”
below the bridge and the third spot was at the River's meet, i.e “Domohani”.

So, three sampling station namely S-1, $-2 and $-3 were established

along the 7.5 Km stretch of the river Kharkai.

River Kharkai

Country : India

States - Odhisa, Jharkhand

Source
Location - Similipal Massif, India
Elevation - 928m (3,045 feet)
Coordination - 22°04' N and 86°23' E

Mouth
Location : Subernarekha river, India
Elevation - 134m (440ft)

Coordination . 22°50' N and 85°10' E
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STATION 1
BABA KUTIR ASHRAM

W

e JHILING GORA //
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,///-_ ® ﬁ SN -1

In 172 BABA KUTIR
'} ASHRAM

Baba Kutir Ashram (S-1)

Baba Kutir Ashram (22°46° N 85°05' E) is selected as the 1° study site.
It is located 4 Km away from the main road of Adityapur towards Southern site
of AIADA. Its western site is covered by Canopy of trees and it discharges
water carrying heavy load of domestic sewage from Adityapur area. Bottom of
the river is rocky and sandy. Banks are rocky with grasses and other agquatic
vegetation. Village Jhilinggora is situated at its western site and Adityapur
(densly populated) at the eastem side. The width of the river at this site is
narrow. This site is always busy with the people for bathing. Speed of water
currents not markable. So, it can be taken as area of stagnant water. Depth of
water is too much. This site was the best for study of zoo planktcn and phyto

plankfon.
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S1 (BABA KUTIR ASHRAM)
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STATION 2
JAY PRAKASH UDYAN
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Sketch Map of Station-1

Jay Prakash Udyan (S-2)

Jayprakash Udyan (22°48' N 85°07' E) situated just below the
Adityapur toll bridge. The altitude of this site is 182m. In the western side of
this site is Kandra gowing road over Adityapur. The eastern side indicates
Bhatia Basti, Bhatia Park, Marine Drive road, Kadma.The bottom of this river
at this site is rocky and sandy. Both the sides of river banks are thickly rocky
which remains under flooded during most part of the rainy season, thereby
providing a suitable habitat for a temporary period of piscian, molluscan and
crustacean species. In other season when the water level recedes, the rocky

part becomes dried and does not provide as a habitat of the said species.
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JAYPRAKASH UDYAN
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STATION 3
DOMOHANI

 DALMA Range

SAFRAI

RIVER KHARKAI

Domohani (S-3)

Domohani (Rivermeet 22°51° N 85°1Q" E) is the interesting site where

both the river Subernarekha and Kharkai meet. Village Sapra (Dist-Saraikella-
Kharsawan) is situated in its western side, Sonari in the eastern side and
village Dobo is situated in the Northern Side facing towards Dalma Hill. At the
western corner of meeting place the Temple of Lord Shiva is situated. In this
station water level is too deep. The site is always busy with boating, fishing
and bathing by the nearby people. The water of this site of the river is being
polluted by the seawage carrying from Kadma-Sonari zone. Both site of the
river banks are thickly rocky which remain flooded during most part of the
rainy season,; thereby providing a suitable habitat for a temporary period of
some species. |t not only forms a course of rain water drainage for the city but

it also collects on what is realeased in it by dense human population.
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MATERIALS AND
METHODS




CHAPTER - 02
MATERIALS AND METHODS

Rivers are viewed in terms of entire watershed rather than just the
actual body of water flowing in the channel. Both rivers and the landscape
upon which they flow have been considered as one system (Leopold and
Maddok, 1953). Rivers Kharkai is a tributary of the rivers Subarnarekha. It
flows in eastward direction and drain Gamharia sub division of Seraikella-
Kharsawan district. It enters the Subarnarekha in north western side of
Jamshedpur (famous for TATA STEEL) though a bridge over the river (east of
Adityapur). River Kharkai surrounds Adityapur from three sides except west.

In the present work three sampling station namely S4, S; and Sa were
established along the proposed stretch of the river. Study sites are near the
Baba Kutir Ashram, Adityapur (S,), Jayprakash Udyan (S,), the River's meet
i.e Domohani (S;). Regular measurements of certain physico -chemical
parameters as well as sampling of waters and benthic fauna such as insects,
fishes, molluscs of the water body and their systematic study were made at
each sampling site in every calendar month for a period of two years (March
2012 to February 2014). So total 24 months collection were done. Sampling
was done at each site at monthly interval between 8:30 AM to 10:30 AM for a
period of two years.

Periodical surveys in two calendar years are conducted and the data
collected are indicated in the sheets. These data are analyzed to identify the
morpho-taxonomic account. The following tools were used while collecting
water sample, aquatic, organisms and data.

Scoop Samplers:

Prepared of rigid metal sheet or cone like, the rim of which acts as a
cutting edge is provided with a ring to which the hauling rope is attached. It is
thrown into the water and dragged along the bottom.and brought upto the

surface. Large organisms should be hand picked after emptying the contents



into a shallow white enameiled tray. Smaller organisms are retrieved by
passing the sample through a set of sieves. This scoop sampler is effective in
shallow waters. The samples collected by this are identified by general
survey.

Core Samplers:

These are the ideal tools for bottom sampling. The corner penetrates
deeper than any other sampler. Since the cover is open at ends there is no
pressure built up. This is the ideal tool for study of bottom stratification if the
bottom is soft, other suitable accessories are used to make the instrument
operative is hand sand bottoms.

Ekman dredge:

This is widely used standard equipment for quantative studies of soft
bottom. The body of the dredge is a square or rectangular box. The lower
opening is closed by a pair of opposing scoop like jaws which are operated by
spring. When shut the jaws close the box tightly and when pulled apart they
leave the entire bottom of the box open. The dredge is sent down with the
jaws held open. On reaching the bottom, a weight is sent down. This releases
the spring which hold the jaws apart. The jaws close shut and during this
process the bottom materials is scooped up by the jaws.

Plankton Net {Bolting Silk No-25):

It is made up of a circular iron rim attached to a handle. The rim is tied
with bolting silk cloth of specified mess no.25. It's one square inch of blotting
silk there is fixed no. of meshes in different types of blotting silk cloth. Muslin
cloth may also be used in place of blotting silk. At the other end of blotting silk
cloth a plankton collecting tube of desired capacity is tied. A thick band of
rubber is used to tie the plankton collecting tube with the blotting silk tightly at
their junction. The size of the tube should be 8 cm long and 2.5 cm wide.
There is marking with ml. This help to know the volume of plankton. Plankton

net is used for collecting plankton from the pond and river water.







Methods--
Sieving:

The next step in the sampling procedure is the separation of the
crustacean, molluscan, piscian and other species. This is the important part of
the whole procedure which has been carried out in two steps-sieving and
hand sorting. The sieved samplers were hand sorted in white enamelled tray
before preservation.

Fixation and Preservation:

The aquatic species were fixed in alcohol formalin {5%) and arctic acid.
After that the organisms are removed and thoroughly washed in running tap
water. After proper washing they were kept in plastic bottle with source water
in the field. They were then preserved with 4% formalin solution and brought
to laboratory
Quantitative Studies:

The population density of aquatic species in collection site was studied
by quadrate method. In it a metal square is dropped in the area of study and
also the aquatic species found within that ring or square are collected and
counted.

Identification:

Sampled were taken in the laboratory. The fauna were sorted out and
identified with the help of the supervisor and other experts of our laboratory.
Shorting samples were kept in plastic bottle.

Each bottle was provided with relevant data like station number, name of
species type with classification.

Water sample were taken in plastic bottles tothe laboratory from different
collection sites for total alkalinity test.

Identification of the specimens were carried out using following
taxonomical keys.

1. A guide to the study of fresh water biology Needham, J.4 and

Needham P.R.(1972)
2. Fresh water invertebrates of United States. Pennak, RW (1953).



3. Hand book — Freshwater Molluscs of India. ZS| Kolkata. Subba.
Rao, N.V. (1989)

4. Fresh Water Biology — Needham and Needham.

Some of the identifications done were studied and further confirmed
by the Zoological Survey of India, Kolkata (West Bengal).
Measurement of Physico-Chemical Parameters:

Physico-chemical character of water analysed by standard methods
derived by “American Public Health Association” (1976), Trivedi and Goel
(1984) and Adoni (1985). The methods followed during this study of analyse
the chemical factors of water are as follows.

Samples were collected from all the three study sites at regular
monthly intervals the collection time being 8:30 AM to 10:30 AM. For water
sample collection used plastic bottles and stainless steel samplers were
cleaned with detergent followed by rinsing with tap water and then distilled
water.

The samples were analysed for their physico-chemical parameters as
described below.

1. Temperature:

The water temperature was measured with the centigrade

mercury thermometer (graduated from 0°C to 110°C).
2. Hydrogen-lon-Concentration:

The hydrogen-ion-Oconcentration was measured by calorimetric
method using a pH comparator and a comparator disc. Bromothymole
blue was found to be a suitable indicator for the entire period of
observation

3. Substrate Type:

Nature of substrate was examined visually during the period the

station was visited for collection.
4. Water depth:

Mean water depth at each station was calculated by measuring

the water-depth at the middle and at the banks ofthe river with the help

of a water scale.






5. Current Speed :

The current speed was measured with the help of a stop watch
and a float. The distance covered by the float in 20 seconds was
measurement and converted into a measure of cm./sec.

§. Transparency :
Transparency was increased by Sacchi disc.
Sacchi Transparency

Sacchi (1865), an ltalian scientist deviced a method for studying
the transparency of aquatic bodies. The sacchi disc is a metallic plate
of 20cm. diameter with four (alternate black and white) quadrants on
the upper surface and a hook in the centre to tie a graduated rope.
Principle of Transparency: Transparency is inversely proportional to the
turbidity of water, which in turn is directly proportional to the amount of
suspended particles in organic matters. When the saccht disc is
lowered in water it remains visible in the euphoitc zone.

Method:

1. Lowered the disc in water and note the dept (in cm.) at which it
disappears.

2. Now slowly raise the disc upward and note the depth at which it re
appears.

3. Take the average value as sacchi disc depth (sdd) or transparency.

Calculation: Euphotic limits (cm..) = 2.5 x sdd.

7. Dissolved Oxygen:

Dissolved oxygen was measured by Winklers method. Collect
the sample in a 300 ml borosilicate botfle. Add 2 ml manganese
sulphate followed by 2 ml alkali-iodide ozide Reagent. Mix well by
inverting the bottle 2-3 times and allow the precipitate to settie down
leaving 150 ml clear supernatant. Add 2 ml conc.H:SO4 mix well till
precipitate goes into solution. Take 200 ml in a conical flask and titrate
against standard sodium this sulphate till blue colour changes to

colourless using starch as an indicators. R



. Free Carbon dioxide in water sample:

C0. in water samples are present as (HCoz). So the CO»
concentrations proportional to (HCos) alkalinity. 50mg per lit.re of (HCos})
=mg/| bicarbonate alk x 1.22 where 1.2 is a conversion factor.

Free Coy in water (aq Cog) is a source of carbon to the phyto
and zooplankton. In the absence of free Co,, plants utilize bicarbonates.

Dissolved Co, in natural waters actively participates in the

carbonate system as:

Coz (gas) = Coz (aq)
Cog + H20 = H-Cos
HsCo4 = H* + HCoy

Free Coz in water samples in estimated by titrating the sample
with standard alkalit.itrant to pH 8.3.

Requirement:
NaOH (0.0227 N), phenolphthalein indicator, burette, pipette,

Erlenmeyer flask ,measuring cylinder, stand etc.

Method:

Take 50ml of sample and add 2 drops of phenophthelon,
indicator. If slight pink colour develop then free Co; is absent.
If the solution is colourless, titrate with standard alkalit.itrant till slight

pink colour develops then free Co, is present.

Calculation:

Free Coy in mg/l = ml of titrant x 1000

ml of sample



9.Alkalinity:

The alkalinity of water is a measure of its capacity to neutralize
acids. The alkalinity of natural water is due to the salts of carbonates,
bicarbonates, borates, silicates and phosphates along with the hydroxyt
ions in the free state. However the portion of the alkalinity in natural
waler is caused by hydroxide, carbonate and bicarbonates which may
be ranked in order of their association with higher values. Alkalinity
values provide guidance in applying proper doses of chemicals in water
and wastewater treatment processes, particularly in coagulation,
softening and operational control of anaerobic digestion.

Principle:

Alkalinity of sample can be estimated by titration with standard
sulphuric acid. Tritation to pH 8.3 or decolourization of phenotpthalein
indicator will indicate complete neutralization of OH and % of CO;while
to pH 4.5 or sharp change from yellow to orange of methyl orange
indicator will indicate total alkalinity, (Complete neutralization of OH",
(COs), (HCO?)Y).

Inference: As indicated in acidity estimation.

Reagents:
1. Standard H,SO4 0.02N: Prepare 0.1 N H,SOQ, diluting 3.0 ml
conc. H2S04 0.1 N. Dilute appropriate vol. of H;SQO4 (approx 0.1) to
1000 ml to obtain standard 0.02 N H,S0O4

2. Phenolpthetein indicators: Dissolvé 0.5 g in 500 ml 95%
ethylalcohol. Add 500 ml distilled water. Add dropwise 0.02N NaQOH

faint pink colour appears.

3. Methyl orange indicator: Dissolve 0.5g and dilute to 1000 mi with

CO; free distilled water.



Procedure:
1. Take 25 or 50 ml sample in a conical flask and add 2-3 drop

phenolphthalein indicator.

2. If pink colour develops titrate with 0.02 N HoS0O4 till it disappear
or pH is 8.3 Note the vol. of H,S04 required.

3. Add 2-3 drop methyl orange , and continue till pH comes down

to 4.5 or yellow changes to orange.

4. In case pink colour does not appear after addition of

phenolphthalein continue as in 3 added.

5. Calculate Total (T), Phenopthalein (P) and methyl orange

alkalinity as follows and express in angle as CaCos.

P — Alkalinity, mg/l asCaCos = A x1000/ml sample.
T — Alkalinity, mg/! asCaCosz = B x1000 ml Sample.

In case H,SQ4 is not 0.02 N applying the following formula:

Alkalinity, mg/l as CaCos = A/B x N x 5000
Mi of Sample
Where, A= m! of H,SO, required to bring the pH to 8.3

B= mil of H,SQ, required to bring the pH to 4.5
N= normalit.y of H.SOs used.
Once the phenolphthalein and total alkalinities are determine then three types
of alkalinities carbonate and bicarbonate are calculated.
Carbonate and bicarbonate alkalinities are known then their Conversation to

milligrams per lit.re of Cos> or HCos™ are possible.



Mg/l Cos™ = mg/l Carbonate alk x 0.65
Mg/l HCos ' = mg/l bicarbonate alk x 1.22

From above molar concentration may be obtained as follows:

(Coy)?° = mg/l Cos
mg/l HCos
(HCo3)? = mg/l HCoy
1000
10.Chloride:

Chloride was measured by Argento metric method. Adjust sample

pH to 7.0, if it is not in this range. Take 50 ml sample in a conical flask.

Add 1 m! potassium chromate indicator solution. Titrate with standard

silver nitrate titrant to a pinkish yellow end point. Standardize silver

nitrate titrant and establish reagent blank value by the titrant method

with distill water in place of sample.

Chloride mg/I
Where A=
B=
N=

11.Phosphate

Phosphate

= AxBx1000

N ml of Sample
ml! silver nitrate required for sample.

ml silver nifrate required for blank.

normalit.y of silver nitrate.

reacts with ammonium molybdate to form

phosphomolybdic acid which on being reduced by stannous chloride

produces a blue colour. The intensity of colour is directly dependent on

the amount of phosphate present. Phosphate was estimated by

measuring the intensity of colour by spectrophotometer at 650 nm (M)



against a reagent blank. The spectrometer reading was converted into
ppm on the basis of standard curve.

Take 50 ml of sample, add 2 ml ammonium motybdate and mix
well. Add 0.5 ml stannous chloride and dilute to 100 ml. Prepare blank
using distilled water in the sample way. Measure the intensity of blue
coloured complex at 650 nm. Prepare a graph by suitable volume of
standard phosphate solution. Calculate phosphate present present in
sample.

12.Nitrate

It is measured by phenolodisulphonic acid method. Nitrates
present in the water Sample reacts with 2dn Phenol disulphate and
reagent when this is converted to alkaline salt, a yellow colour is
produced. The intensity of yellow colour thus developed is directly
proportional to the amount of nitrates present.

The amount of nitrates was estimated by measuring the intensity
of colour in spectrophotometer at 410 nm against reagent blank. Prepare
a calibration curve using standard nifrate solution. Calculate nitrate
present in sample.
13.Estimation of Total Iron:-

Principle:

Total iron is the sum of both Ferric and Ferrous forms.
The analysis of iron in water is usually done photo metrically.
Reagent:

1. Conc. HCI

2. Hydroxylamine Hydrochloride soldtion.

3. Ammonium acetate buffer solution.

4. Phenonthroline solution.

Procedure:
All the iron is converted into ferrous state by boiling  with  HCI
and hydroxyl amine. 50 ml of water sample is heated with 2ml Conc.
HCl and 1 ml of hydroxyl amine hydrochloride -solution. Boil the

contents to half of the volume  for dissolution of all the iron, coal,



and add 10 ml ammonium acetate buffer and 2 ml phenonthroline
solution. An orange red colour appears. The volume is made up to

100 ml and after 10 minutes the reading is taken at 510 nm on a

spectrophotometer.

The concentration of Fe is calculated directly from the standard
curve.

Iron (as Fe) mg/l = matching std. x 0.01 x 1000

ml sample taken for determination
14.Heavy Metals:
LEAD:

Lead is practically not occurring in any natural water. If
lead is present in a water supply, it may be due to the corrosion
reactions and wastes contamination. Water in contact with lead
piping usually contains lead. Since lead is cumulative poison, its
determination in water is important. It is done by Dithizone method

which is applicable to raw water, polluted water.

Reagents:

1. Ammonia sol" of 0.5 N.

2. Dithizone stock solution of 0.1%.

3. Sodium hexametaphosphate solution (10%)
4. 1% Hydroxylamine hydrochloride solution.
5. Alkaline cyanide sol"

6.

Lead working solution. (1 ml=10 mg Pb)
Procedure: ;

Add 1.0 mi sodium hexametaphosphate solution, 1.0 ml
hydroxylamine hydrochloride solution, 30 ml! alkaline cyanide
solution, 0.5 ml dithizone working solution and 10 ml chloroform.
It has done with shaking after each addition. The funnel was
shaken vigorously and allow the layers to separate. Dry the stem

of the funnel with filter paper strips. Draw the chloroform layer in




the optical cell. The optical density is measured using

spectrophotometer.

NICKEL.:

Nickel does not occur in natural water. Metal plating wastes when
discharged into water courses contribute nickel. The presence of nickel
indicates corrosion of nickel alloys. The dimethyl Glyoxime method is a best
method for the determination of nickel. This method is applicable to all types
of water and waste water.

Procedure:

Place appropriate volumes of nickel working solution 100 mg in a 50 ml
volumetric flask. Then add 10 ml sodium citrate solution, 2 mi iodine solution,
4 ml dimethyl glyoxime solution. It is then made up to 50ml with distilled water
and allow to stand for 20 minutes. The colour is compared photometrically
using spectro photometer with a suitable blue filter taking water as the
reference. Calibration curve is prepared and find out the mg nickel equivalent
to the observed optical density.

Zinc:

Zinc is commonly found in small quantities in domestic water supplies
and industrial water due to the corrosion of galvanized iron and in industrial
effluents. Zinc is identified by Dithizone method. This method needs following
reagents:

HCI (0.02 N)

Zinc stock solution (1.00 ml = 100 mg Zn)
Zinc working solution (1.0 ml = 0.001 mg Zn)
Dithizone Stock solution.

Dithizone working solution.

Acetate buffer solution.

Sodium thiosulphate solution.

o N o kWP =

Sodium citrate solution.



Procedure

Place an aliquot of the sample with a zinc content below 0.008 mg in a
50 ml beaker. Adjust the volume of the sample to 10 ml by dilution. It is
transferred to a 100 ml separating funnel. In a series of 100 mi separating
funnels, place 1.0,2.0 ....... 8.0 ml of zinc working solution and dilute to 10 ml
with zinc free distilled water. A separating funnel is included containing 10 ml
zinc free distilled water as the blank. To the blank standard and sample add
the following reagents in order with mixing after each addition-- 5.0 ml acetate
buffer, 1.0 ml sodium thiosulphate solution, and 10.0 ml dithizone working
solution. Allow the layer to separate and draw the CCls layer into the
absorption cell after drying the stem of the funnel with filter paper strips. The
red colour of zinc dithizonate is measured at 535 nm, after setting the
photometer at 100% transmittance with blank. The various colours obtained

with zinc standards are follows:

Zincin mg Colour
0.001 Blue

0.002 Blue Violet
0.003 Violet
0.004 Red Violet
0.006 Red Violet
0.007 Violet




Plankton Counts:

Sample Collection: Water samples were collected with the helps of standard
plankton net made up of silk. No. 14 (120mm) and 25 (65mm).

The water sample was passed carefully through the plankton net. The
filtrate was transferred to marked glass stopper bottles. The samples were
preserved with 5% HCHO and ethanol iodine solution.

Silk No. 14 net collects phytoplankton and silk no. 25 net collects
zooplankton.

The samples were further concentrated to 5ml by centrifugation at
2500 round per minute (rpm). After Sedimentation of phytoplankton and
zooplankton, the supernatant liquid was siphoned off and sedimented portion

was preserved in 5% formaldehyde.

Phytoplankton counting

The phytoplankton were systematically identified up to group level by
using compound microscope with the help of works of Fritsch (1935),
Needham and Needham (1974), APHA (1989).

The organisms/ litre were calculated using formula:

C x 1000 mm3 x 1000

Organism/litre

LxDxWx$S
Where C = The average number of organisms in the
counting cell
S = Number of Strips counted
L,Dand W = Length, Depth and Width of a strip

Zooplankton Counting Technique-

In the pipette method, adjust sample to a concentrated volume in a
graduated cylinder concentrating the plankton by using a rubber bulb and
clear acrylic plastic tube mesh nelting fitted at the end. Zooplankton use

sedimentation techniques as described for concentrating phytoplankton.



Gently stir sample completely and randomly with the pipette and
quickly with land 1 to 5ml. Transfer to a suitable counting chamber.

Using a compound microscope enumerate small Zooplankton
(protozoa, Copepods, Cladocerans, rotifers, etc.) in a 1 to 5 ml, clear acrylic
plastic counting cell.

Report smaller zooplankton as number / litre and larger forms as per
cubic meter. Quantitative analysis were done according to Lackey drop micro

transect method.

Number / m® = CcxV
V" X VIII
C = Number of Organism Counted
v = Volume of Concentrated sample in ml
vk = Volume counted/ mi

vt = Volume of the grab sample/ m®.



OBSERVATION




CHAPTER — 03

OBSERVATIONS

A. PHYSICO-CHEMICAL PARAMETER:

Physicochemical parameters like nature of substrate, current speed,
pH, temperature, nutrients, etc, are well known to affect the aquatic organisms
and are responsible for alternation in community structure of all ecological
niches. India being a tropical country exhibit much vanation in climatic
condition and consequently, changes in physical parameters are evident.
Each ecotype and even each ecological niche within the same ecotype shows
variation in physical factors and may be, due to this fact no two biotype can be
identical.

Nature of substrate, channel width and water depth at various sampling
sites of the Kharkai River are shown in Table 1, Turbidity in Table 2 and
Figure 1, Transparency in Table 3 and Figure 2, while Temperature, pH,
current speed, PO4, NOa, in Table 4 and Figure 3 to Figure 7. In the legend for
convenience, period from March, 2012 to February, 2013 is described as first
year and that from March, 2013 to February, 2014 as second year.

Nature of Substrate:

Nature of substrate in stream is extremely important as it influences the
distribution and abundance of benthic invertebrates in many ways. The nature
of streambed influences the discharge, current speed and the nature of flow
{Hynes, 1979).

Fairly distinct benthic fauna are associated with particular type of
substrate. The large area of sand, mud, clay etc have their own
characteristics fauna (Berg, etal, 1948; Greeze, 1953; Shadin, 1956).
Maitland (1968) has clearly forward that some species are limited by

temperature while other by substratum.



sdiyo ‘(‘'wo £z 0) "'wd ¥ @) sjeaelb

GE1-22 sn_W og| , S
pasjeds Ajasieds ‘syis Jo sayoied siy) yum Apues

(‘wo gz 0} ‘W g'| 9zIs) s|aAelb palapeoss
6¢-S CHEIN]) °S

. Ajesieds pue pues 3sie02 Appnuw a)sem yoe|g
e batichs ol b
("wo g 0] "Wo 9’| 2zI8) s|aAeIb paia)ess
G8-6 alew 06 'S
Ajosieds pue pues asie09 Jo sayojed yim Appniy

("wo) yideq 121epp uespy | (45wW) J9AU JO YIPIAA _ 9)EJ1SONG JO aINJeN | uonelS

10Z ‘Adeniged 01 Z10Z ‘yase Buunp seary
1e)aeyy| ay} jo suonels buiidwes snoliea }oe yjdop Jajem pue LyIpIm [SUUBYD ‘91eI1SONS JO 3injeu ayl Buimoys

| :9|qeL




In the present investigation substrate was muddy with patches of
coarse sand and sparsely scattered gravels (size 1.6 cm. to 3.4 cm.) at
S1,gravels (size 1.5 cm. to 2.8 cm.) at S;; sandy with this patches of silts
sparely, scattered gravels (0.4 cm. to 2.7 cm.), chips at Sa.

Water Depth:

The mean water depth of the river around sampling stations ranged
from 9 cm. to 85 cm. at S,, from Scm. to 29 cm. at S;, and from 22 cm. to 135
cm. at Sa. Thus the mean water depth was highest at Ss.

Turbidity (NTU) Table 2:

Turbidity was found to range between 20.8 to 28.0 (NTU) for S, 42.0
to 62.0 (NTU) for S; and 51.0 to 76.0 (NTU} for Sa. Minimum turbidity was
recorded in the month of November at site S4, October at site S, and S; while
maximum turbidity was recorded in the month of August for Site S,
September for Site Sz and S;. On the annual average basis turbidity of site Sj
was maximum 61.91 (NTU) while it was minimum at site S, 32.50 (NTU) as
exhibited in Table 2.

The reduced turbidity in the other months indicated a reduced amount
of suspended matter in the water. In the present study the turbidity values
were always less at S4, more at Sz and maximum at S;. The amount of
turbidity at Ss almost double to the site S; (Table 2). Further, the turbidity of
water in rainy season was at its highest and in
winter months it was lowest. An identical trend was apparent in the mean
values of turbidity of site $4 and S3 (Table 2).

Figure 1 further exhibits that turbidity was less in the water at S; and
high at Sa.

Transparency (Table 3):

Transparency of river water ranged from 11.2 to 25.5 cm of length and
11.0 to 16.5 cm for sites Sy to Ss respectively. Minimum transparency was
recorded in the month of July for Sy, July for Site S, and August for Site Ss.
While maximum transparency was recorded in the month of October for Site

S1, October, January for the Site S; and January for Site'S;.



Table : 2
Variations in Turbidity (NTU) of the Kharkai river at Three Stations
during March 2012 to February 2014

Months Y Stast’izons 5
Mar-12 31.00 | 48.00 62.00
Apr-12 33.00 51.00 65.00
May-12 3400 | 54.00 67.00
Jun-12 35.00 58.00 64.00
Jul-12 37.00 49.00 61.00
Aug-12 38 00 60.00 73.00
Sep-12 35.00 62.00 76.00
Oct-12 28 00 '_ 42.00 51.00
Nov-12 29.00 | 45.00 58.00
Dec-12 29.00 " 44.00 52.00
Jan-13 31.00 47.00 29.00
Feb-13 3200 | 46.00 58.00
Mar-13 30.00 | 49.00 61.00
Apr-13 32.00 50.00 65.00
May-13 33.00 55.00 67.00
Jun-13 35.00 58.00 64.00
Jul-13 37.00 49.00 60.00
Aug-13 3800 60.00 72.00
Sep-13 36.00 62.00 76.00
Oct-13 29.00 42.00 51.00
Nov-13 28.00 45.00 58.00
Dec-13 29 00 44.00 52.00
Jan-14 31.00 47.00 29 00
Feb-14 32,00 46.00 58.00
Mean 32.58 50.54 . 59.54
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Table: 3
Variations in Transparency (NTU) of the Kharkai river at Three Stations
during March 2012 to February 2014

Months Stations
S1 S S3

Mar-12 20.60 14.00 14.20
Apr-12 19.00 -] 13.00 12.00
May-12 1650 | 15.00 11.00
Jun-12 15.00 ' 12.00 11.60
Jul-12 12.00 ‘ 11.00 12.00
Aug-12 18.00 | 11.00 925
Sep-12 14.00 1 11.30 9.50
Oct-12 25.50 18 20 11.00
Nov-12 19.00 17.00 14.40
Dec-12 18,50 16.00 15.20
Jan-13 20,60 18.20 16,50
Feb-13 19.00 | 16,20 15,40
Mar-13 20.60 14,40 14,20
Apr-13 19.00 13,00 12.00
May-13 17.60 14,00 11.00
Jun-13 15.00 13,00 12.00
Jul-13 1120 10.00 11.00
Aug-13 18.00 11.00 9.00
Sep-13 14.00 11.30 9.50
Oct-13 25,50 18,20 11.00
Nov-13 19.00 17.00 14.40
Dec-13 18.50 16.00 15 20
Jan-14 20,60 18.20 16 50
Feb-14 19.00 16.20 H 15.40
Mean 18.15 14.38 12.64
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On the annual average basis transparency of site S; was minimum
12.7 cm and 5, was maximum 16.6 cm.

Table (3) also exhibits that transparency of the river water was
minimum during earlier half of rainy months, but it increased during later half
of this season and remained high even during winter months. It may be stated
that transparency showed inverse dependence on turbidity of the river water
(Table 2 and 3). Thus as exhibited by (Fig. 2) maximum transparency was
observed in the month of October, when the turbidity was recorded minimum
(Table 2). Another maximum transparency was observed in January. In the
remaining months the transparency of the river water was found to undergo
depression (Fig. 2).

Current Speed:

The current speed of running water ecosystem is an important
ecological factor as it influences the organisms either directly or indirectly by
determining the nature of river bed and the amount of silt deposition.

The stream flow is a complex process and is related to the discharge,
width, depth, roughness of stream bed, Stream bank and also to some extent
the water surface. The velocity of flow at any point in a channel is inversely
proportional to the logarithmic depth (Hynes, 1979). The current speed is
highest at the water surface, especially at the centre, and it decreases with
the depth. In the present investigation, however, current speed occured at
about % " of the depth.

The current speed in the present study, ranged between 8cm./sec to
52 cm./sec at S4, 13 cm./sec to 45 cm./sec at Sy, Gem./sec to 37 cm./sec at
Ss. The minimum current speed was recorded in“April 12 during first year of
observations, whereas during second year the minimum current speed was
recorded in the month of June’ 13 at all stations, though at S, it was also
recorded in the month of April’ 13 and May' 13.

The data revealed that the current speed was lowest in summer
months (March to June), moderate in winter months (Nov, to Feb.) and

highest in monsoon months (July to Sept) (Fig.-3a). .-



Current Speed cm/sec Current Speed cm/sec

Current Speed cm/sec

Fig 3(a)

Current Speed at the three sampling station of the Kharkai River during
March’12 to Feb’14
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The mean current speeds during monsoon winter and summer months
were 42.67 cm./sec, 19.25 cm./sec and 9.25 cm./sec at S,; 39 cm./sec, 19.25
cm./sec and 14.50 cm./sec at S,; 38.687 cm./se¢, 23 cm.Jsec and 16.50
cm./sec at S; respectively during first year of observations. Similarly, during
monsoon winter and summer months were 36.33 cm./sec, 14 cm./sec and
9.25 cm./sec at S¢; 35.67 cm./sec, 19.50 cm./sec and 14.25 cm./sec at Sy,
35.33 cm./sec, 23 cm./sec and 17.75 cm./sec at S, respectively (Fig. 3b).
Hydrogen ion concentration (pH):

In freshwater ecosystem pH is responsible for important biological
consequences. The pH of natural water is an important environmental
parameter. The variation of which along with other factors, determines the
species composition and the processes of organisms. Though pH range is
species specific, yet lower forms in general showed little reaction to change in
pH, while higher aquatic forms responded quickly to variation in pH.

In the present investigation the water remained neutral to slightly
alkaline at all sampling stations during the entire course of study except S,
where acidic tendency was recorded (Fig. 4a).

The acidic pH value was 6.9 and was recorded in the months of July to
September 2012 and May to August 2013 at S4.

During first year of observation the value of pH varied from 6.9 to 7.0 at
S, 7.0t0 7.1 at Sy, 7.0 to 7.2 at S; with mean value being 6.95, 7.04, 7.08 at
corresponding stations similarly during second year it ranged from 6.9 to 7.2
at Sy, 7.0to 7.2 at Sp, 7.0 to 7.2 at S; with mean value being 6.98, 7.11, 7.13
at corresponding stations (Fig. 4b).

Temperature:

The variation in temperature in aquatic habitat has a great effect upon
its productivity in general. All metabolic and physiological activities and life
processes, such as feeding, reproduction and distribution of aquatic organism
are greatly influenced by water temperature. This is because organism
possess well defined limit of temperature tolerance with the optimum lying
somewhere in between. High temperature is regsponsible for rapid

decomposition of organic matter releasing nutrients into the water body.



Fig 4(a)

pH at the three Sampling Stations of the Kharkai River during March 2012 to
February 2014
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Fig 8(a)

iver

Fig 5(a) Temperature at the three Sampling Stations of the Kharkai

during March 2012 to February 2014
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Another effect of temperature on water is to alter its viscosity, and this causes
silts to sink twice as fast as at 23°C as it does at 0°C (Hynes, 1979).

In the present investigation the temperature revealed no significant
variation along the course of the river; however it showed significant temporal
variations (Fig. 5a).

The temperature ranged between 18.5°C to 35.2°C at Sy, 18.6°C to
36.0°C at S, and 19.0°C to 36.5°C at Sz, with mean value being 26.85°C,
27.30°C and 27.75°C at corresponding stations during first year of
observations. During second year it ranged between 18.5°C to 34.0°C at S,
18.7°C to 35.2°C at S, and 18.6°C to 36.9°C at Ss, with mean value being
26.25°C, 26.25°C and 27.75°C at corresponding stations during second year
of observations (Table 4, Fig. 5b).

During the first year of observation the minimum value of water
temperature was recorded in the months of January'13 (54-18.5°C, $,-18.6°C
and $;-19.0°C) and maximum value in the month of June'12 ($1-35.2°C, Ss-
36.0°C and S3-36.5°C) at all sampling stations; similarly during second year of
observations minimum value of water temperature was recorded in the month
of January'14 (S;-18 5°C, $,-18.7°C and S3-18.6°C) but the maximum value
was recorded in the month of June13 (S4-34.0°C, $,-35.2°C and S;3-36.9°C).

The water temperature remained fairly high during May to June ranging
from 31.0°C to 35.2°C and 31.3°C to 34.0°C at S+; from 30.8°C to 36.0°C and
29.2°C to 35.2°C at S, and from 30.5°C to 36.5°C and 30.9°C to 36.9°C at S,
during first and second year of observation respectively (Fig. 5a).

Dissolved Oxygen (Table 5):

Dissolved oxygen was found below normdl level for many months of
the year at site S¢ and for the most of the months at sites S, and Sa. It was
only in the months of July and August that water of all the three study stations
contained dissolved oxygen. During these months the maximum amount
(12.70 mg/l) at S; and minimum amount (7.00 mg/l) at S,. The periodicity of
dissolved oxygen showed a definite pattern during the course of study

Dissolved oxygen concentration was below nermal leve! during the

summer and the highest during the rainy month but started declaiming at the
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Table: 5
Variations in Dissolved Oxygen (mg/l) at three Stations of River Kharkai

During Mar-2012 to Feb-2014

Stations
Months
S1 S2 S3

Mar-12 600 5.50 7.00
Apr-12 600 | 7.50 7.00
May-12 6.20 [ 7.20 7.20
Jun-12 6.20 6.50 7.50
Jul-12 11 50 6.80 7.50
Aug-12 12.70 7.00 7.20
Sep-12 10.60 7.00 7.20
Oct-12 950 9.60 7.50
Nov-12 970 960 7.00
Dec-12 6.50 5150 7.20
Jan-13 6.60 5.40 7.20
Feb-13 610 580 7.00
Mar-13 6.20 5.50 7.00
Apr-13 6.00 7.50 7.20
May-13 6.00 740 7.00
Jun-13 6.00 8 50 750
Jul-13 11.50 6.80 7.50
Aug-13 12.70 7.00 720
Sep-13 10.60 7.00 7.20
Oct-13 9:50 960 7.50
Nov-13 9.70 9.60 7.00
Dec-13 6 50 5.50 7.20
Jan-14 6.60 5.40 d 7.20
Feb-14 6.10 5.80 7.00




Fig 6(a)

Pos Concentration (ppm) at the three Sampling Stations of
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Fig 7(b)

Mean Value of No; Concentration {ppm} at three Sampling Stations of the Kharkai River

during March-12 to february-14
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advent of winter season. A similar pattern of dissolved oxygen has been
reported by Prasad et.al {(1980). Fig. 8 shows the frend of dissolved oxygen
during the study peried. It is seen that the peak of the dissolved oxygen
reached in the month of July-Aug in rainy season. In other months of rainy
season the concentration of dissolved oxygen was remarkably low, it was
totally absent during later three months of summer season. In fact oxygen is
less freely soluble in water as compared to the solubility of some other gases
like carbon dioxide, ammonia, etc. Several investigators have consequently
reported values of 0.00 mg/l to a value of as high as 18 mg/l for water of
Indian rivers (Bhatt et.al. 2004). Thus the current observation of oxygen
concentration in Kharkai river water is in line with the previous records.

Free Carbon Dioxide:

Free of the water sample ranged between 0.03 to 0.06 for site S4, S5
and S; all maximum free CO; was recorded in the month of June for all the
sites (81 to S3) and minimum (0.03 mg/l) in many months of the study year for
the water samples of all three sites.

The annual averages reveal that site S; had maximum values of 0.042
mg/l and $; had minimum average value of 0.036 mg/l. The values for river
water of site S, was closer to each other and had more or less similar trend
with lit.tle variation throughout the year.

Fig.9 suggests that free carbon dioxide value was lowest in October at all the
three study sites. A gradual increase in the value was apparent in the
subsequent months. The peak value was obtained in the month so May and
June. Here after again a decrease in the value of free carbon dioxide because
apparent in July and onwards months. A large humber of earlier workers
Chako et.al. (1959), Singh ef.al. (1985), Shreenivasan (1965), Sugunam, V.V.
{1999), Bhatt et al. (2004), Sharma, L.L. ef.al. (1995).

Total Alkalinity:

Alkalinity is considered to be an important basis for classifying water in
the nutrient types. The rise and fall of total alkalinity probably corresponded
with that of bicarbonates. Total Alkalinity has been estimated by titrating the

sample.



Table : 6
Variations in Carbon Dioxide {mg/l) at three Stations
of the Kharkai river during Mar'12 to Feb'14

Months Stations
S1 I S2 Sa

Mar-12 0.04 0.04 0.05
Apr-12 004 004 0.05
May-12 0.03 0.05 0.06
Jun-12 0.06 0.04 0.05
Jul-12 004 0.01 0.04
Aug-12 0.03 003 0.05
Sep-12 0.03 0.04 0.04
Oct-12 0.03 0.03 0.03
Nov-12 0.04 0.04 0.04
Dec-12 0.04 004 0.04
Jan-13 0.04 0.04 0.04
Feb-13 0.04 0.04 0.04
Mar-13 004 0.04 005
Apr-13 0.04 0.04 0.05
May-13 0.04 0.05 0.06
Jun-13 0.06 006 0.06
Jul-13 0.03 000 0.03
Aug-13 0.03 0.03 0.04
Sep-13 0.03 0.04 0.04
Oct-13 0.03 0.03 0.03
Nov-13 0.04 0.04 0.04
Dec-13 004 0.04 004
Jan-14 0.04 0.04 0.04
Feb-14 0.04 0.04 Z 0.04
Mean 0.038 0.037 0.044
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Calcium:

Calcium hardness ranged from 110.00 to 190.00 mg/l and 94.00 to
246.00 mg/l and 130.00 to 230.00 mg/l for site S, S; and S; respectively
(Table 8).

Lower values of calcium were recorded in the month of June for all the
sites (S; to Si). Maximum calcium hardness was observed in the month of
July for site S4 and S3 and in September for Site S,. Site S» maintained a
distinctly higher values in ealcium.

Hardness through out the year as compared to the values for site S,
and Ss.

On the annual average maximum calcium in water (190.50 mg/l) was
obtained at site S; and lowest value of calcium (165.00 mg/l) was recorded for
site S respectively. The monthly variation in the amount of calcium was more
or less similar at all the three sites. The values of hardness although did not
exhibit any seasonal pattern but were higher during the rainy months (July,
August, September) and the slightly lower values were obtained in the winter
months (October, November and December) in comparison to summer
months.

Fig. 11 suggests that calciurn was always in higher concentration in the
water of all three study sites. Its low concentration in water was recorded only
in the month of June, while the peak value was obtained in the month of
September Munawar (1970) also noted higher values of calcium during winter
and summer months.

Chloride:

Estimation of Chloride content as exhibited by Table 7, showed that it
ranged between 40.0 to 130.0 mg/l, 32.0 to 120.0 mg/l and 52.0 to 118.0 mg/l
for site 84, S; and S3 sample respectively.

Chloride was recorded in minimum quantity 40 mg/l at site Sq in the
month of July, while at sites S, and S; the respective minimum values of 32
mg/l and 52 mg/l were recorded in the month of June.

Computation of monthly average (Table 7) sevealed that annual

average of Chloride concentration was minimum at S; (76,75 mg/l). The

44



Table: 7

Variations in Chloride ion concentration in (mg/l) at three Stations

of the Kharkai river water during Mar'12 to Feb'14

Months Stations
S1 S2 Sa

Mar-12 93.00 72 00 69.00
Apr-12 130.00 90.00 113.00
May-12 8000 120.00 90.00
Jun-12 50 00 33.00 53.00
Jul-12 40.00 75.00 65.00
Aug-12 80.00 80.00 110.00
Sep-12 86.00 92.00 118.00
Oct-12 116.00 84 00 102.00
Nov-12 68.00 44 00 68.00
Dec-12 85.00 69.00 90.00
Jan-13 105.00 9500 80.00
Feb-13 90.00 70.00 99.00
Mar-13 9200 70.00 69 00
Apr-13 130.00 90.00 114 00
May-13 80.00 120.00 90.00
Jun-13 50.00 32.00 52.00
Jul-13 4000 75.00 65.00
Aug-13 90.00 80.00 110.00
Sep-13 86.00 92.00 118.00
Oct-13 116 00 84 .00 101 00
Nov-13 68.00 44 .00 68.00
Dec-13 85.00 69.00 90.00
Jan-14 105.00 95.00 80.00
Feb-14 90.00 70 00 99.00
Mean 86.04 76.88 88.04
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Table: 8
Variations in Calcium (mg/l) at three Stations
of the Kharkai river water during Mar'12 to Feb'14

Months Stations
S1 Sz Sa

Mar-12 175.00 190.00 190.00
Apr-12 160.00 160.00 180 00
May-12 170.00 160.00 210.00
Jun-12 120.00 96.00 130,00
Jul-12 190.00 180.00 230.00
Aug-12 160.00 140.00 210.00
Sep-12 167.00 246.00 216 00
Oct-12 178.00 177.00 189.00
Nov-12 180.00 180.00 180.00
Dec-12 170.00 180.00 200 00
Jan-13 160.00 230.00 140.00
Feb-13 165.00 190.00 210.00
Mar-13 175 00 190,00 190.00
Apr-13 160 00 | 160.00 180.00
May-13 170.00 160.00 220.00
Jun-13 110.00 94,00 130.00
Jul-13 190.00 180.00 230.00
Aug-13 160.00 140.00 210.00
Sep-13 165.00 246.00 216.00
Oct-13 178.00 i 178.00 190.00
Nov-13 180.00 180.00 180.00
Dec-13 170.00 180.00 200.00
Jan-14 160,00 230.00 140.00
Feb-14 165.00 190.00 ' 210.00
Mean 165.75 177.38 190.88
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annual average of S1 was 86.00 mg/l and S; was 88.41 mg/l. So average of
S1 was very close to that of S,.

Gonzalves and Joshi (1946) took chloride into account in the tank
water and according to them, the concentration of chloride increases in the
summer when the water level is low. However in the present investigation too,
the chloride concentration showed a regular periodicity, being higher in the
warmer summer months (Fig. 10). When its peak values were recorded
abruptly decreased in June. But steadily increased in rainy season. Its
concentration in comparatively lower concentration except only one case in
May during the study period.

Phosphates (PO,):

It is a nutrient. 1t is needed for primary production in aquatic habitats.
PO, is available in running water. Phosphorus occurs in two forms firstly as
simple ionic orthophosphates and secondly as bound phosphates in soluble
and particulate form. The bound phosphate is continuously released by
bacterial acfivity.

During first year of observations the concentration of phosphates
ranged between 0.2 ppm to 0.05 ppm at Sy, 0.16 ppm to 0.28 ppm at S, and
0.42 ppm to 1.50 ppm at S;; whereas during second year of observation it
ranged between 0.02 ppm to 0.10 ppm at S4; 0.17 ppm to 0.29 ppm at S, and
0.48 ppm to 1.90 ppm at S..

In the present investigation phosphate concentration revealed lower
values during monsoon months and higher values during dry months,
especially in summer season (Fig. 6a).

The minimum value of phosphate concentration was recorded in the
months of June, July, August, September and October 2012 at Sy {0.02 ppm)
in August'12 at S; (0.16 ppm), in May'13 at S; (0.48 ppm); whereas the
maximum value was recorded in the month of July, April and May'12 at S;
(0.04 ppm); in December'12 at S; (0.28 ppm) and the month of April at S;
(1.25 ppm) during first year of observation. Similarly during second year the

maximum value of phosphate concentration was recorded in the month of



September at 2013 at S, (0.10 ppm); in the month of March’13 at S, (0.29
ppm) and in the month of March’13 at Sa (1 90 ppm) (Fig. 6b).

The phosphate concentration was low in the beginning but attained
higher values in the later part of observation.

Compare to first year the phosphate concentration in second year at
observation increased by 67% at Sy, 30% at Sy and 22% at Ss.

Nitrate (NO3):

From study point of view the nitrate concentration was low at upsfream
stations but attained higher volume at downstream stations (Table 4).

The nitrate concentration ranged between 0.05 ppm fo 1 ppm at Sy,
0.05 ppm to 0.14 ppm at S; and 0.13 ppm to 26 ppm at S during first year of
observation, whereas during second year it ranged between 0.05 ppm to 18
ppm at S4, 0.05 ppm to 0.22 ppm at S; and 0.17 ppm to 0.29 ppm at Sa.

In the present investigation nitrate concentration recorded lower values
during monsoon months and higher values during dry months especially
during summer months (Fig. 7a).

The minimum value of nitrate concentration was recorded in the month
of July, August and September'13 at S4 (0.05 ppm); in July, August and
September'13 at 3, (0.05 ppm) and in August'13 at S3 (0.13 ppm); whereas
the maximum value was recorded in the month of April and May’13 at S, (0.1
ppm); in April'13 at S, (0.14 ppm) and in May’13 at S; (0.26 ppm) during the
first year of observations. Similarly during second year the minimum value of
nitrate concentration was recorded in the month of September'13 at S, (0.05
ppm), in June and July’13 at S, (0.05 ppm) and in July’13 at Ss (0.17 ppm);
whereas the maximum value was recorded in the month of May'13 at S; (0.18
ppm), S; (0.22 ppm) and S;(0.29 ppm)

The data also revealed that the nitrate concentration was low in the
beginning but attained higher values in the later part of investigation.

The mean values of nitrate concentration were 0.07 ppm and 0.11 ppm
at S4, 0.08 ppm and 0.13 ppm at S, and 0.20 ppm to 0.24 ppm at S3 (Fig. 7b).



Iron:

Iron was found to range between 0.09 to 0.73 mg/l at S, 0.10 to 0.96
mg /l at Sz and 0.09 to 0.86 mg/l at S; during the study year.

Maximum iron content in water was recorded in the month of
November for all three sites S1 (0.73 mg/l) in January for site S; (0.69 mg/l)
and in November for site S; (0.86 mg/l). However the minimum iron content
was recorded in the samples of May for all the three sites on the annual
average basis site S; had minimum value of 0.50 mg/l, S; had minimum
average value of 0.47 mg/l. The value for sewage water at site S was 0.48
mg/l (Table 9).

Fig.12 exhibits that iron concentration in Kharkai River water was
consistently moderate at all the three sites between October to March. Its
amount suddenly dropped during the subsequently months of Aprii and May,
but increased after May. The upper values of iron concentration were always
recorded at site Sj, Table 9.

Heavy Metal Estimation of Three Stations of Kharkal River:

Water plays several role in the ecological relation of the fauna and
flora. Any deterioration in its quality can be of great harm to human being as
well as to the environment. The continuous addition of treated and untreated
wastes from various activities change the water quality. Analysis of water
samples is done for water quality parameters like pH, total hardness, DO
trace elements concentration like Zn and toxic elements concentration like Cd
and Pb. In fishes- Their gills, muscles, fins, are analysed for Mo, Zn, Cd, Co
and Pb; Table 11 (a, b and c¢). These elements ultimately reach the human
body. Zoo plankton and other micro benthos serve as food source to fishes.
Toxic metals influence the population of Zoo plankion and cause sharp
decline in micro and macro zoobenthos colonies.

Important physical and chemical parameters of surface water at the
sampling stations were analysed monthty, water and fish samples were
analysed for trace elements like Zn and toxic elements like Cd and Pb. Fish
organs and phyto plankton collectively were dried and-ashed in the Muffle

furnace at 450°C. Ash was dissolved in 10% HNos. Then metals in the ash



Table: 9
Variations in Iron {mg/l) at three Stations
of the Kharkai river water during Mar'12 to Feb'14

Months _ StaStizons -
Mar-12 0 64 0.68 0.70
Apr-12 015 0.12 014
May-12 009 0.10 009
Jun-12 062 0.62 0.50
Jul-12 018 ] 017 0.19
Aug-12 050 0.46 043
Sep-12 0.48 042 0.46
Oct-12 0.56 0.50 0.52
Nov-12 0.73 0 64 0.86
Dec-12 0.60 0.67 0.68
Jan-13 0.70 0.69 0.72
Feb-13 0.60 0.68 0.72
Mar-13 0.64 068 0.70
Apr-13 0.15 0.12 0.14
May-13 0.09 010 0.08
Jun-13 0.62 1 0.62 0.50
Jul-13 0.17 0.17 019
Aug-13 052 046 0.42
Sep-13 0.48 0.40 0.46
Oct-13 0.56 050 0.52
Nov-13 0.73 0.64 0.86
Dec-13 0.60 067 0.68
Jan-14 0.70 0.69 072
Feb-14 0.60 0.68 0.72
Mean 0.49 0.48 _ 0.50




Table : 10

Total Alkalinity (ppm) at three Stations

of the Kharkai river water during March'3 to Feb'14

T Stations

S1 S2 S3
Mar-12 140 134 124
Apr-12 123 123 115
May-12 109 126 140
Jun-12 114 122 131
Jul-12 104 109 123
Aug-12 122 138 124
Sep-12 141 124 138
Oct-12 124 122 136
Nov-12 122 134 123
Dec-12 133 122 141
Jan-13 107 138 124
Feb-13 | 123 139 138
Mar-13 | 140 134 124
Apr-13 123 123 115
May-13 109 126 140
Jun-13 114 122 131
Jul-13 104 109 123
Aug-13 122 138 124
Sep-13 141 124 138
Oct-13 124 122 136
Nov-13 122 134 123
Dec-13 133 122 141
Jan-14 107 138 124
Feb-14 123 139 138

_____




were complexed with suitable reagent. Perkin Elmer model 4000 (Atomic
absorption spectro photometer} was used for Zn, Cd and Pb estimations
Maximum absorption was obtained by adjusting the cathode lamps. Water
quality parameters were determined as per the details mentioned in “Manual
on water and waste analysis (pp.355 NEERI. (1988))". Proper authentic
assurance help was taken from the renowned lab assistance of National

Metallurgical laboratories, Burmamines, Jamshedpur (Jharkhand).

Table : 11 (a)
Result of Water Analysis
Stations
Parameter
S1 §2 S3
Total Hardness 550 mg/l 600 mg/! 500 mg/l
Sodium ion 175 mgi 200 mg/l 180 mgt
Znion 6 mg/l 5.5 mg/I 5 mg/l
Pbion 0.07 mg/l 0.05 mg/ 0.06 mg/l
Cdion 0.02 mg/l 0.03 mg/l 0.02 mg/i
Cl' ion 130 mg!/l 120 mg/ 114 mg/|
Table : 11 (b)
Lead Concentration (in ppm) in Mystus vitatus
Stations
Species organs / year
51 52 S3
Muscles 2013 0.27 0.28 0.28
Visceral organ 2013 0.28 0.27 0.25

gill 2013 0.17 0.19 | 0.22

Contd..



Table : 11 (c)

Cadmium concentration (in ppm) in Mystus vitatus

Stations
Parameter
S1 S2 S3
Gill (2013) 007 0.09 0.09
Muscle (2013) ~ 0.06 0.08 0.08
Visceral organ (2013) 0.07 0.06 0.04

Blood parameters are affected by Pb pollution. Cd®** and Pb*? tend to
accumulate in gill, fin and liver. Cd*? and Pb® from phyto and zooplankton
come to fishes via food chain. Lead is known to have multiple hematotoxic

effects. Cd has toxic effects on renal function.



B. PLANKTON (PHYTOPLANKTON AND ZOOPLANKTON):

Chapter consists study of Plankton. The term “plankton was coined by
an oceanographer Victor in 1887 " It is heterogeneous assemblages of minute
free floating organism of water (Welch, 1952). Since the phytoplankton are
considered as “Biological Indicator of pollution” a number of workers have
contributed to their knowledge in the study of phytoplankton. On the basis of
nature it is divided into two major groups phytoplankton and Zooplankton.

Phyto and Zooplankton are the basis components of the aquatic
ecosystem. Two important aspects of hydrobiclogy like drinking water quality
and fishery are intimately connected with the quality and quantity of these two
components of the aquatic ecosystem.

The basis sampling or collection techniques of fresh water benthos
were described by Wetzei (1975), Lind (1938), Welch (1952), Hutchinson
(1967), Brinkhurst (1964), Klein (1956) and other several keys for the
identification of benthic macro invertebrates were provided by Pennak (1956),
Edmondson (1971), Needham (1971), Prescott (1973) and others.

Plankton organisms play a vital role in aquatic environment; they form
an important link in the food chain and are capable of affecting the entire
aquatic life. Information with regard to the fresh water planktonic organisms is
scanty in India. Even the basis aspects of the knowledge of fresh water
plankton is very limited and detailed study on their biclogical and ecological
relations are required. However, the prominent contributions to the fresh water
plankton in India were made by Allikunhi (1952}, Arora (1931, 1966), Bhowmic
(1968), Chacko and Krishnamoorthy (1854), Chacko and Sreenivasan (1955),
Chakraborthy ef.al. (1959), Das etal (1956b, 1959), David (1963), Dals
(1954), George et.al. (1966), Govindan and Sudersan (1979}, Trivedi (1979},
Verma etf.al. (1982), Verma and Dalela (1975), Zafar (1964, 1966), Trisal
(1977), Jana (1973, 74, 1980), Shashikant {1979), Billore (1981), Kulshrestha
(1981), Dad (1981}, Rao et.al. (1982), Agarwal Gautam (1985}, Bhowmic and
Singh (1985), Singh and Singh (1985), Kulshrestha etf.al (1987), Adholla
{1988), Bhattarcharya and Saha (1988), Trivedi, Garyd and Goyal (1985),
Expendith and Premkishore (1989), Ghosh and George (1989), Bhardwaj



(2005), Naik et.al. (2007), Nair (2009), Kalam (2011), Bhuyan et.al. (2014),
Singh et.al. (2013, 2015).

Plankton play several important role in the aquatic community. Direct
correlation has been established between the planktonic crop and fish
production, because planktonic biomass indirectly related to the fish
production. Among the planktonic communities, the zooplankton are the main
primary micro consumers and are found to be dominated by Protozoa,
Copepoda and Cladocera and Ostracoda.

Materials and Methods:
a. Plankton Collection:

The plankton net is a device used for collection of plankton of bigger
size. The size of plankton which can be filtered by a net depends on the mesh
size used (mesh 25). The use of Plankton net involves filtering large quantity
of water through the nets. The water is filtered through the sides and the
plankton can be concentrated in a bottle or test tube connected at the lower
end of the net. The net is taken to the bottom through a rope and from there it
is gradually hauled upwards with a speed of 10 cm/sec. The phytoplankton
sample should be immediately preserved in 4% formalin but a better method
of preservation is to use Lugol's solution for quantitative sampling, the
Zooplankton are fixed in 2 — 3% formalin. For identification purpose, however
it is befter to preserve the plankton in Lugol’s solution or with 70% ethanol.
Net samples are usually concentrated.

b. Enumeration (=counting) of plankton:
Sedgwick-Rafter Cell Method-

Counting of zooplankton can be done by using Sedgwick — Rafter cell
and the density is represented in organism/l or org./100l. The Sedgwick —
Rafter cell strip generally available in 50 mm long, 20 mm wide and 1mm
deep. Plankton are counted by microscope. The process is repeated about 10
replicates.

No. of plankton /ml = No. of organisms counted

No of replicates taken

i each strip is counted separately then.



No. of plankton /ml = No. of organisms counted in all the stripes x 1000

Ixbxd of each strip x no. of stripes counted
Lackey’s drop method:

This is the simplest method for counting phytoplankton and is
especially useful when no other equipments is available. The count is fairly
reliable (Lackey, 1938, Vollenweider, 1969, Edmerson, 1971) specially when
density of phytoplankton is high.

Put exactly 0.1 ml volume of the sample by using a calibrated medicinal
dropper on to a glass slide. Place cover slip on known area, avoiding any air
bubble. Put the slide in microscope and measure the width of the high power
microscopic field. Suppose the area visible at one time as one microtransect.
Now move the slide from one corner to another counting the plankton in each
microscopic filed visible. Count several fields by moving the slide in horizontal
and vertical directions. Counting must quick to avoid drying of the sample.
Calculation:

Area of cover slip (22 x 22) A x No. of organism

counted in all fields

No of individual / drop = Area of focus x average no of individual per
focus
Individual per litre = A x I/L x V/v
A = No. of individuals per drop.
v = Volume of 1 drop. {(ml).
V = Total volume of concentrated sample (ml)
L = Volume of the original sample. (say 10 ml)
Phytoplankton: ’

Phytoplankton are Chlorophyll bearing suspended microscopic
organisms consisting of algae belonging to Chlorophyceae, Cyanophyceae,
Euglennophyceae and Bacillariophyceae. They consist of recycling elements
such as carbon and sulphur. They have ability to convert light energy into

chemical energy.



Although there are a number of major groups of phytoplankton, those

relevant to the present study are Bacillariophyceae, Chlorophyceae,

Cyanophyceae and Euglenophyceae.

1.

Bacillariophyceae (diatoms) : is one of the most important groups of
phytoplanktonic algae. Most species are sessile and associated with
littoral substrata. Their primary characteristic is siliceous cell and both
unicellular and colonial forms are common.

The Chlorophyceae (green algea) : is extremely large and morphologically
diverse group which is mostly fresh water in distribution.

The Cyanophyceae (also known as Myxophyceae or blue-green algea) :
has been among the most studies of all the groups. It is a primitive group
which has both prokaryotic and eukaryotic features in its cell structure and
function.

The Euglenophyceae (euglenoid algae) : forms a relatively large and

diverse group but few species are truly planktonic.

The details of the comparative qualitative and quantitative occurrence of

phytoplankton and zooplankton diversity at the three study stations shown in

the next page:



Table: 12
The details of the comparative qualitative occurrence of phytoplankton

diversity (u/l) at three study stations during Mar-12 to Feb-14

Sampling Stations
Pyhtoplankton and Classificaton

S4 S, S
Cyanophyceae u/l u/l u/l
Osciflatoria chalybea 146 172 181
Oscillaria curiceps 179 180 182
Nostoc commune 178 192 190
Nostoc paluaosum | 188 183 172
Anabaena sphaerica 146 180 178
Anabaena oryzae 146 190 184
Scytonema stuposum 183 192 192
Chlorophyceae
Ulotrix zonata 223 225 224
Cladophora fracta 220 221 281
Pithophora varia 272 346 4380
Chastophora elegans 491 374 378
Coleochate irregularis | 372 281 “ 273

Contd ...




Pyhtoplankton and Classificaton

Sampling Stations

S4 S, S;

Zygnema majus 480 281 223
Spirogyra brunea 286 370 380
Oedogomium pussifum 284 390 385
Spirogyra microspora 440 450 385
Spirogyra livlina 380 378 370
Closterium dianae 410 e 280
Closterium acerosum 230 292 327
Euglenophyceae

Euglena acus 215 -—-- 178
Euglena acus varrigida 280 223 229
Euglena virdis 266 72 115
Phacus curvicauda 210 178 120
Volvox globater 184 200 218
Bacillariophyceae

Synedra capifata 539 541 530
Navicula viridula 392 " 390 348




[
Navicula pupula | 280 290 380

Sampling StationsContd...

Pyhtoplankton and Classificaton
31 Sz SS
Pinnularia braunil 272 305 280
Pinnularia tabellaria 272 283 | 260

Zooplankton:

Zooplankton are microscopic free swimming animal components of
aquatic system. The members of the groups are belonging to protozoa,
Rotifera, Cladocera, Copepoda and Mollusca.

They dominate the entire consumer communities. The ability of
movement not only provided them an effective defence measure but also
enable them to show activity such as to feed upon the phytoplankton. They
constitute an important link between primary producers and consumers in
agquatic food ways.

The details of the comparative qualitative occurrence of Zooplankton
diversity at the 3 study stations shown in the next page:

Among the protozoans only rhizopods were found represented by few
species such as Arcella, discoidea, centropyxis, echornia and diffugia, obleng.
They were found absent during October, November, April and May during the
year 2012-13 and November, December and May during 2013-14. Maximum
density was found in the month of August and minimum density in the meonth
of January and February in 2012-13 and 2013-14 af all three sites.

Protozoans were also absent from S; and S; during November,

December, April, May and June.




PROTOZOA AND OSTRACODA

1. Arcella discoides

2. A vulgaris

3. Difflugia corona

4. Cypris spp.

5. Heterocypris spp.

6. Stepnocypris malcomsoni



ROTIFERA

1. B. plicatilis

2. B. candatus

3. B. angularis

4, Keratella tripica
5. K. cochlearis



COPEPODA

1. Cyclops spp.

2. Mesocyclops leukart
3. Heliodiaptomus viduus
4. Neodiaptomus laudeli
5. Mesocyclops hyalinus
6. Mesacyclops spp.



CLADOCERA
1

1. Daphnia lumboltri
2. D. carinata
3. Scapholebris spp.




Table: 13
The details of the comparative qualitative occurrence of Zooplankton
diversity (u/l) at three study stations during
Mar-12 to Feb-14

Sampling Stations
Zooplankton and Classificaton
5S4 Sy Sz

Rotifera u/l u/l u/l

Asplanchnopus multiceps 200 248 251
Branchonus angularis 72 132 Uz
B. caudatus 85 136 243
Brachionus pifcatilis 152 178 241
Finilia longiseta 90 180 344
Hexarthra mira 244 314 344
K kellicathia 85 122 210
Keratella cochlearis Q0 184 222
K. tropica 215 98 136
Monostyla-bulla 105 108 95

Rotaria tridens 198 95 108
Rotaria vivipara 95 200 290
Polyarthra vulgaris 172 . 132 210

Contd....




Synchaeta pecinata 112 130 95
Ostracoda ufl | u/l u/l
Cypris sps. 94 | 88 98
Copepoda u/fl u/l u/l
Cyclops sps. 86 92 94
Heliodiaptomus viduus | 72 65 45
Heliodiaptomus pulcher 78 82 80
Neodiaptomus strigilipes 84 80 94
Pseudodiaptomus lobipes 105 110 - 98
Eucyclops sp. 100 95 105
Paracyclops fimbriatus 94 98 86
Cladocera u/l ufl ufl
Bunops sps. 13 38 40
Chydorus phaericus 32 28 40
Daphnia sps. 39 28 32
Hycryptus sordidus 38 40 18
Scapholeberis 13 30 19

The details of the comparative quantitative occurrence of Zooplankton

and Phytoplankton at three sites are as follows:




Stations

Parameter — ——
S1 52 $3
Zooplankton 5500 / lit. 5600 / lit. 6000 / lit.
Phytoplankton 17000/ lit. 17500 / lit, 18000 / lit.

C. BENTHIC MACROINVERTEBRATES
Qualitative analysis on taxonomic foundation:

Altogether 33 benthic macro-invertebrates taxa were recorded from all
the three sampling stations established along the 28.5 km. stretch of the
Subarnarekha River during November 1996 to October 1988. Of the observed
taxa, insects alone contributed 60.61% while the rest 24.24% and 15.15%
were contributed by molluscs and oligochaetes respectively.

Among oligochaete taxa 60% was contributed by Tubificidae and rest
40% by Naididae. Another important group was Insecta, of which 20% taxa
were contributed by ephemeropterans, 10% taxa by placopterans, 15% taxa
by trichopterans, 20% taxa by coleopterans and 35% by dipterans. The last
group encountered was Mollusca, of which 37.5% taxa belonged fo order
Mesogastropoda and rest 62.5% by order Basommatophora

Benthic macro-invertebrates recorded from Kharkai river during March,
2012 to Feb, 2014 are shown in Table 14:

Oligochaeta: )

Oligochaetes are one of the important benthic macrofauna in aimost all
freshwater habitat. The group has 24 families (Brinkhurst 1972) of which only
two families have been recorded from the proposed study area namely,
Tubificidae and Naididae.

Altogether 5 taxa of oligochaetes were recorded from all the three

sampling stations of the stream under investigation, of which three taxa



Iueyouwoq] £ - a)s
vefpn yseyeid Aep Z-olg
welysy Jijny eqeg I -3Ng

9¢-69-99 | SE-19-0L | §£-08FL | BCCOZL | OP-5908 | 05090L | 050,08 | SP-0.-06 | G¢-Sb-0S | 62-2p-85 | 0€-15-8S | G£-95-00 ‘dg "erodsosaty 9
8¢-56-05 | 627885 | 0e-BE69 | DE-6E-09 | GE-0p-GH | 0E-5F-08 | OFP-05-0L | OE-EG-L0 | Oc-6C2k | LE0E-Ly | PEEEBP | GePE-0S ‘ds - xpoiNn g
69265 | 0L-0e-0v | OECP¢9 | LEGPGO | OLGcl | OP0S-02 | OP0G08 | OP05GL | Lbe0e | 9GZEE | LGC6E | 89CiE esopjouuAd effaiofyo 14
0L-0E-0F | Ll-le-c¥ | ZL-0E-b¥ | GlL-LC-E€F | #L-GC-SF Qe-09 0e-0F05 | 61l | S-SE-PE /-9¢-6¢ 862-1¢ 6°LE-6E | SIULISIPIOD gNS - SRUOWIB[ £
LL-SE-€0 [ 0L-9E-99 | L1-SE-/9 u cl-ce-89 | El-bE-LL | PL-0E-G8 | OP-G99-G8 | OE-£G-¢f | 94205 Z-0E-0% , 6-CE-8S | OL-¥E-290 Bjeinoaolq sifjareundg 4
OL-0E-65 | LI-B62-95 | QL6295 | OL-0€-GG | ZL-0E-ZS | SL-OF-09 | OE-05-08 | S¢05-0L | @-0c-SE 8-cc0F 6-22-05 | 01-62-ZG | tpJeyuros seuewopAweiels L
€S S IS|ES TS LS|ES ZS LS|ES S LS|ES CS LSIES CS LS|ES S ISIES ES LSIES ZS LSIES CS LSIES ZS IS|ES ES LS
tl-qed gp-uer Zl-93g ZI-ACN ZL- 10 Zi-dag z\-Bny ZL-nr cl-unr PRI Ziady Zl-1elN
sadA] ON IS
SYjuon

I/nul gL-qad 0} Z|-1e|y
Bulinp sa)s 991y} jJe uopjue|dojiyd |ejo] jo abejuasiag
V-ied
GlL - al|qey




lueyowoq £-3)s
uefpn yseyeid Aer <- s
welysy Jyhy eqeg L - aus
9e-69-89 | SE-19-0/ | 8€-08bL | 6£-29TL | OV-G9-08 | 06-09-0. | 05-0/-08 | Sb-0.-06 | G2-Sb-0S | 62-/0-65 | 0e-1695 | ge-a5-09 ‘ds ‘erodsotoipy 9
92-9€-09 | 6C-2£85 | O£-8E-69 | OE6E-09 | SE-0VG9 | 0E-SH-09 | OP-090 | 9e-66-29 | 0Z-62-2% | Lz0s2v | vz-ce-Br | 5Z-vE-0% "ds - xuyoin g
6-8¢6E | 01-0B-0F | 0£-CP-29 | LESP-GY | 0E-Sp-2/ | OP-05-0L | OV05-08 | Ob-05-S2 | 2-1z08 | oszce | z%2se | B-9z-i¢ esopiouriAd ejjaiofd 14
OL-0E-OF | LIolETy | 2L0E¥P | €L-222F | PLBCSr | 020G | 0S-0¥0S | 6L-LE-Ly | OGCEE | £-92GE | B6Z-/& | 6-16-68 | Smwiayipioa gns - seuownelg| ¢
LL-GE-€9 | 01-9€-69 | LL-GE-/9 | TL-Ce-69 | €L-vE-Ls - vL-0£-59 | OP-59-68 | 0E-€9-2¢/ | 9./26F | 20805 | B2e83 o_‘wm,m@ erenooiq sjjejeung . 4
0L-0€-65 | }1-6¢°G5 | OL-62-FS [ OL-0EG9 | ZL-0E-L§ | §L-0p-09 | O£-08-08 | 52-08-0/ | @-0¢SE | 82200 | 62205 | 01-62-25 | ipseyures seuewopluieieys !
:mw S IS|ES S ISIES TS LS|ES CS LSIES 2SS LS[ES 2SS LS|ES 28 1S[ES 28 1LS|ES 28 LS|ES 2S 1SlES 28 1LS|es 28 1S
¥1-qsd pl-uep gl-28Q £l-AON £1120Q cl-des | gL-bny gi-Inr grunp [ gi-few | €)-udy 5 R
sodA) "ON °IS
syuop

I/nul p-qaq o} gl-1ep

Buunp sens asiy) je painjdes uopjuejdolhiyd jejo o abejuaaiag

g-Med

Sl - 9lqeL




0Z6E S £€ Se'le 8.2 } L-GE-G9 0l-0g-¢s 6-8¢-6¢ ¥i-g2d
18 BE e ct 86'/¢C 987 0L-9£-G9 L-B2-55 0L-0g-0t vl-uer
Fcee St /¢ lL¥'aE (4] 4% L -9€-29 0l-6¢-FS QE-2t¢9 €1-99g
8t ZE ¢l 0¥ OF 6¥E cl-ce-69 0l-0E-55 LE-GP-G9 £1-AON
¥l cE DC L2 Ll ¢t 12519 El-tE-12 ¢l-0e-2S 0e-Sl-¢/f £1-320
6t 8¢ q8'6c 191¥ F8E 1-0£-69 51-0¥-09 OF-09-04 gl-dog
98°GE 0gce 00ce Qes 0F-G9-Gg 0¢-09-08 0+-05-08 ¢1-Bny .
£l €€ 6lL°LE bt Gt Sor 0t-£5-54 S¢-05-0/ 0P-058-5/ EL-me
oF OF 00 LE 8G 82 £0¢ 9-L¢-6F 8-0¢-5¢ 2-12-0¢t M._‘-_._:_..
59 6% AN 9 8C 0ce 9-/2-0% g-¢c-0r 9¥e-ee cL-Aey
626t €l ¥E 69°9¢ [4°14 6-2£-0% 6-/2-05 2-9¢-9¢ £i-1dy-
95 6E 96°CE 06 9¢ goZ 0l-+E-29 0l-62-¢S g-9¢-/¢t Elely
D 6t SPeE g lc 8.¢ I -5€-G9 0l-Deg-£9 6-82-6¢ £l-qed
16 BE Zcce 88'/l¢ 98¢ 01-9¢-59 L 1-8¢-G% 0L-0E-0% gl-uer
PLEE ac'le L 6E (1):4% L1-G€-/9 0l-6¢-#S 0E-2t-29 Z-28Qg
BE'ZE cl'le oF oF 6¥E ¢l-2£-69 01-08-GS LE-5+-59 Z-ACN
¥l 'ct 0cle L eg vmm' El-FE-LL cl-0E-4S 0e-Gl-¢/ 2190
B8 8¢ G6 67 L9 ¥ 8¢ ¥1-0€-59 51-01-09 0y-05-0/ Zl-deg
98'ge 0o ce 00 ¢t 0es 0+-59-98 0E-09-08 OF-05-08 Z1-Bny
£l £ 6l IE 6% GE SOt 0E-£5-52 qc-05-0/ O+-05-5/2 cLmme
oF OF oo'Le 85 8¢ £0Z 9-12-6F §8-02-5¢ 2-12-0¢ Zi-unr
§9'6E Z8°LE ¥98¢ acc S-/2-0% 8-ce-0F 9-FC-tt Zi-fep
66t £L e 6692 [4:rd 6-¢£-0S 6-L2-06 2-8¢-5¢ Zl-1dy
8g Bt 968'cE 05 92 892 0lL-¥E-29 0l-62-¢S 8-9¢-/£ ZI-1en
(/) €S ¢s 1S (in)eszs s {meszs 1S
R Il I L e v e

Imul y1-Z102

9l - 3lqel

Buninp sayis aa1y) Je uopjueldoliyd jejo] Jo sbejuasiad




LEE + 06'%C + vl ve + 68O ¥ 9085 + 18PS + . as
998 8L €L £6°/5 L6l 0SE/ 00 0clL . A UESIA
%.6 ¥ %61 LL %ER 1L X 44 Ll 8¢ [4x3 Aenigaq
%0t'S %/6 22 %c9 L 8kl 8 ¥E a0l frenuep
%blr L %L €€ %¥0 65 a8l vl €9 Ll 1aquiaseq
%90 L1 %4G GE %9E'ES £5¢ 8¢ 06 GEl J19QUIBAON
%99 kL %6t G %3 6t 99¢ 6t Lcl 90l 18390320
%EB 2 %BETL %.LL 61 89¢ 4 141 £S5 Jequaidag
%LZ 9 %SP 78 %ZE 6 €61 i €9l gl Jsnbny
%¥Z £ %46 €5 %BLEY 68l 9 86 18 Anp
%45 8 %999 %9, ¥8 501 8 L 68 aunp
%bt 0l %LV G %.0'%8 10z ¥4 Li 69l Aepy
%I6EL %ca'0l %St'S. £Le BE 62 90¢ iudy
%EC 0L %86 €l %.LE'92 4214 9z e ¥6l Yalew
elanope|) epodadon BI2JI10Y [eyoq (yn) sueirda0pel) {im)} spodado) {i/n) s1oin0y SYJuon

IMmul yL-€1L0g
Bunng Aysuaq aApe|ay JiIsy] pue saj)is Apnig aaiy | e uopjuejdooz |2jo 1

Ll -9|qe]l




€1-02-60 | SI-€1-90 | 92-8C60 | BGE-Z0 | L9-6E-GL | €6-CLOF | 22486C | ZbSE-9L |  £-0D 950 | 2k21-0 | Si-Lbe0 g\ ATel}
0-5¢€ 0-t-c 0-S-£ L0l g-LL-S ¥l-€l8 B8-0.-S S-G9 <0 0-00 0-G-0 g-2-i¢ ds sdofaAn 9
€0 0-2-0 5-8-0 192 G0l §-6-G 9-g¢ S-€-¢€ -0-0-0 0-0-0 0-L-0 0-2-0 "ds sdojoAong S
<e0 S-£0 150 690 -G O0l-rl-t LL-8-S g-5-¢ 200 0-0-0 0-0-0 0-0-0 sadige) snwoldeipopnssd r
F-£-0 £-0-0 | 700 .. 5§40 B-£-0 ElL-6-4 cl-8-9 SE-C | -0-0-0 L£-0 b-i0 5-5-0 Joyoind smuoydeipoljaf €
0-0¢-0 ¢-0-0 S-2-0 €h-4-1 [ | P LZ-€LB AL-LL-9 cl-8-t 0-0-0 0-0-0 <00 0-0-0 smeuquiy sadojafaeieg Z
§-F¢ S5 G-g3-9 L0 Bl-6-€ 61-51-8 Le-91-9 EL-0L-+ €00 5-¢-0 S+-0 -0 sedyjbins snwojepoay L
[ES ¢S LS|ES ES IS|ES S LS(ES CS LS|ES IS LS|ES CS LS|ES S ISIES CS LSIES CS LSIES S ISIES TS LS5 25 1S
Aeniqaq | Asenuer |Jaqwaosaq (Jlequisaop | Jagqoja |lequaldag| jsnBny Alnr sunp Aely jdy yauew
sadAj ONCIS
Syluow

imul ¢l-gpoe
Buung JaAny 1exJeyy jo saug saly] e spodadon Jo Jequunp

8l - alqel




§8-¢/Gl | S¥-0S-0L | 99-8¥-/0 | 99-85-€L | 65-26-0L | 529220 | 80-A0-L0 | 88-16-LL | Lb-gc-0L | 2/-89¢z | 101 -28-82 | 66-69-9¢ I¥10L

00-£1-00 | 00-+1-00 | 00-60-00 | 00-Z0-00 | 00-¥0-00 | 00-#0-0C | 00-00-00 | 00-00-00 | 0o-80-00 | 0O-€L-00 00-%C-00 | 00-12-00 eiodinia euB)OY ol
1-00-00 | £0-0G-00 | 0L-00-00 | €1-00-00 | BO-00-00 | SO-00-00 | S0-00-00 | £0-00-00 | 90-00-00 | oL-00-00 | o1-00-00 ¥1-00-00 SuapLy elieloy 6
£0-90-00 [ LL-80-2O | 60-L0-€0 | 90-G0-€0 | SO0-£0-20 | €0-€0-00 | 00-00-00 | 0g-00-00 | v0-g0-00 | so-90-00 | LL-g0-b0 60-20-20 By Bl IRz g
£0-00-00 | 00-20-00 | ¢0-90-00 | [0-60-00 | 90-G0-00 | €0-£0-00 | 00-00-00 | 00-00-00 | z0-€0-00 | S0-20-00 | Z0-L1-00 20-£0-00 ejasjbuoy etuifpi L
£0-00-00 | 00-Z0-00 | 00-¥0—-00 | 00-90-00 | Z0-E0-00 | 00-20-00 | 00-00-00 | 00-00-00 | 00-00-00 | QO-00-00 00-+0-00 | 00-80-00 ‘dg epeeyoulsg 9
91-v1-00 | 80-50-00 | 0L-20-00 | €1-60-¥0 | £0-S0-£0 | 00-00-00 | 00-£0-00 | 00-00-00 | zo-00-00 | Zov0-00 | z1-0 L-GL EL-£1-90 ‘ds eiypieAjoq g
FL-80€0 | €0-P0-00 | L1-80-00 | ¥1-0L-€0 | 80-90-20 | 00-G0-00 | €0-€0-00 | €L-01-r0 | 90-90-00 | vizLc0 | oL-0L-+0 L6051 'dg eugouejdsy 4
§0-50-00 | ¥0-¢0-00 | €0-50-00 | pO-¥0-00 | 20-L0-00 | S0-S0-00 | €0-£0-00 | 90-40-00 | 20-60-00 | OL-80-00 | 2L-90-00 L1-40-00 eieoifen £
£0-¢0-00 | <0-C0-00 | €0-10-00 | L0-10-0Q | DE-T0-00 | 00-10-00 | 00-00-00 | 00-00-00 | 00-L0-00 | zo-zo-00 | 10-zo-00 | so-€0-00 eordosy ejjojesayy Z
6¢-Z1-CL | Li-PL-BQ | 80-00-v0 | 80-GO-€0 | OL-B0-€0 | S0-£0-20 | 00-€0-10 | ZL-kL-20 | vi-zL-0L | ¥2-6L-8L | 2e-21-61 LE-8LEL snouoyoueig L
myes | amres | mes | nies | wnyes | Gmyes | ) es | am ES | UM ES | W) es | M) €S (yn)

S Is ¢S LS £S5 LS A R (A S LS Z5 LS ¢S IS [ASRS ¢S 1S ¢35 13 |[ESES LS

faenigeq | Aenuer |Jaquiadag |1equerop | Jeqo1ag lpquxdag| 1snbny Ainp sunp Aep jady yarew

sadA] ‘ON IS
syjuon

nulpL-£1L0z
Bupinp Jaary 1ejieyy Jo sa)g 231y | Je BIaJj0y JO JaquInN

6l - 9|qe




belonged to family Tubificidae and the rest two taxa belonged to the family
Naididae
Tubificidae:

This family is not only common and the most widely distributed in
aquatic ecosystem but also well suited for use in biological assessment of
water quality, water pollution or other changes in aquatic habitat. Individuals
of this family are restricted to aquatic environment throughout their life cycle
and water quality requirement as well as pollution tolerance of many species
have been documented in the literature (Hiltunen, 1980).

In the present investigation Tubificidae, the most dominant family of
Oligochaeta, was found to be represented by 3 taxa, namely, Branchiura sp.,
Limnodrilus udekemianus and Limnodrilus angustipenis.

Naididae:

Like Tubificidae, Naidids also are used to investigate the effects of
pollution of biological integrity of water and changes in biotic community
resulting from destructive human interference. In few studies where Naidids
have been identified to species level, a relationship between species
assemblage and water quality is established (Hiltune 1980, Learner etal.
1978).

In the present investigation family Naidide was found to be represented
by only two taxa, namely Dero sp. and Chaetogaster sp.
insecta:

Most of the insects are terrestrial, but insects belonging to eleven
orders are aquatlc. They fall into two major groups:

(i) insects having aquatic larval and pupal stages, such as Ephemeroptera,
Trichoptera, Odonata, Diptera elc.; and (ii) those spending their entire life
cycle in or near some waterbody, such as Coleoptera, Hemiptera etc

So far as the insect benthic macrofauna is concerned only larval and
pupal stages are involved. Insects are important because of their significance
as fish food and also as indicator organism for examining the water quality of

freshwater habitat.



In the present investigation of the 11 orders of aquatic insects that
inhabit in freshwater habitat, only five orders, namely, Ephemeroptera,
Plecoptera, Trichoptera, Coleoptera and Diptera having 20 taxa had been
recorded from the proposed study area.

The species composition of various insects belonging to the above
mentioned orders are as follows:

Ephemeroptera:

This order was represented by three families namely Ephemeridae,
Baetidae and Caenidae the former one having two taxa and the latter two
having one taxon each i.e. Ephemera sp., Ephemerella sp., Baetis sp. And
Caenis sp., respectively.

Plecoptera:

This order was represented by two families, namely Nemouridae and
Peltoperlidae having one taxon each i.e Amphinemura sp. and Brachyptera
sp., respectively.

Trichoptera:

Like Plecoptera trichopteran fauna was also represented by 2 families
having three taxa, of which one Rhyacophila sp. belonging to family
Rhyacophilidae and the rest two Hydropsyche sp. and Cheumatopsyche sp.
to family Hydropsychidae.

Coleoptera:

This order was represented by two families, namely Ptilodactylidae and
Hydrophilidae, the former having one taxon and the later three taxa i.e
Stenocolus sp., Enochrus sp., Hydrophilidae (unidentified) and Berosus sp.,
respectively.

Diptera:

This order was represented by 2 families, namely Chironomidae and
Simulidae. Of these Chironomidae was found to be the most diverse family
having altogether six taxa belonging to 2 sub families Chiromous sp.,
Polypedilum sp., and Dicrotendips sp. representing sub family Chironominae,

while Tanypus sp., Coelotancypus sp. and Procladius-sp. representing sub



CRUSTACEANS, CLADOCERONS, COPEPODS AND OSTRACODS

1. Daphnia carinata

2. Cyclops spp.
3. Mesocyclops spp.

4, Branchionus spp.



family Tanypodinae. Family simulidae was represented by single taxon i.e.

Simulitim sp.

Table: 14

Showing the benthic macroinvertebrates recorded from three sampling

Class

Family

Family

Class

Order

Family

Family

Family

Order
Family

Family

Order

stations of the Kharkai river during
March, 2012 to Feb, 2014

OLIGOCHAETA

- Tubificidae
Branchiura sp.
Limnodrilus udekemianus
Limnodrilus angustipenis
Naididae
Dero sp.

Chaetogaster sp.

: INSECTA
Ephemeroptera
Ephemeridae
Ephemera sp.
Ephemerella sp.
Baetidae
Baetis sp.
Caenidae
Caenis sp.
Plecoptera
Nemouridae
Amphinemura sp.
Peitoperlidae
Brachyptear sp. o=

Trichoptera



Family

Family

Order
Family

Family

Order
Family
Subfamily

Subfamily

Family

Hydropsychidae
Hydropsyche sp.
Cheumatopsyche sp.
Rhyacophilidae
Rhyacophila sp.
Coleptera
Ptilodactylidae
Stenocolus sp.
Hydrophilidae
Enochrus sp.
Hydrophifidae (unidentified)
Berosus sp.
Diptera
Chironomidae
Chironominae
Chironomus sp.
Polypedifum sp.
Dicrotendips sp.
Tanypodinae
Tanypus sp.
Coelotanypus sp.
Procladius sp.
Simuliidae

Simulium sp.




D. MOLLUSCA

Mollusca is a large phylum, second only to Arthropod in the number of
species. The Molluscs have colonised every possible habitat and are
dominant in benthic communities of all aquatic ecosystems. The largest
number of moliuscs are found in the marine environment where forms support
valuable shell and pearl fisheries in addition to the lime industry. Species
inhabiting the freshwater ecosystem are few in number.

The fresh water mollusc one of the largest group of limnofauna
constitute a weighty and important part of the benthic organism in almost all
perennial fresh aquatic system play an important ecological role in the
system. Since their evolution they are related with different benthic group of
organisms as they act as scavenger well as good item of many aquatic and
terrestrial animals. The participation of fresh water molluscs in the way of life
of many organisms has made them significant partners in the ecological

communities.
GASTROPODA:

Gastropods are available, most successful interesting and varied forms
that have undergone extensive adaptive radiations and have invaded various
kinds of habitat.

The group gastropoda was represented by 15 taxa belonging to 6
families of two orders namely Mesogastropoda and Basommatophora. The
order Mesogastropoda was represented by 4 families, Viviparidae, Filidae,
Bithymidae and Thiaridae. Viviparidae havir;g three taxa Bellamya
bengalensis (form typical, madiensis and eburnea), Bellamya dissimilis and
Bellamya variata ; Pilidae with single taxon Pila globosa ; Bithyniidae with two
taxa Digoniostoma pulchella, Gabbia orcula and family Thiaridae naming five
taxa namely Thiara Scabra, Thiara tuberculata, Thiara lineate, Thiara requeti
and Thiara paludomoidea. Similarly the order Basommatophora was

represented by two families Lymnaeidae and *Planorbidae. Family



GASTROPODA

1. Bellamya bengalensis (Lamarck} 6. Thiara (Mclanoides) tuberculatus {Muller)

2. B. bengalensis f. typica (Lamarck) 7. Thiara (Tarebia) lineata (Gray)

3. B. dissimilis (Muller) 8. Lymnaea (Pseudosuccinea) acuminata f. typica (Lamarck)
4. Pila globosa (Swainson) 9. L. (Pseudosuccinea) f. rufescens {Gray)

5. Thiara scabra (Mulier)



Lymnaeidae having three taxa Lymnaea accuminata, L. luteola, L.ovalis while

the later having one genera indoplanorbis exustus

GASTROPODA:

Prosobranchia
Mesogastropoda
Viviparidae
1. Bellamya bengalensis
form typica
form mandiensis
form eburnea
2. Bellamya dissimilis

3. Bellamya variata

Pilidae
4. Pila globosa

Bithyniidae
5. Digoniostoma pulchella

6. Gabbia orcula

Thiaridae
7. Thiara scabra
8. Thiara tuberculata
9. Thiara lineata
10. Thiara requeti

11. Thiara paludomoidae

Lamarck
(Lamarck)
(Kobelt)
(Lamarck)
{Mueller)
(Frauenfeld)

(Swainson)

{Benson)
{Frauenfeld)

(Mueller)
(Mueller)’
(Gray)
(Grateloup)
(Nevill)



Palmonata
Basommatophora

Lymnaeidae

12.Lymnaea accumninata (Lamarck)
13.Lymnaea luteola {Lamarck)
14. Lymnaea ovalis (Gray)

Planorbidae

15.Indoplanordis exustus (Deshayes)

BIVALVIA:

Bivalves (having two valves) are recorded in little number in the river
Kharkai represented by 7 taxa belonging to 2 families of one order namely
Unionoida. The order Unionoida was represented by two families Unicnidae

and Corbiculidae. Unionidae having five taxa and Corbiculidae with two taxa.

CLASS 4 BIVALVIA
Subclass : Eulamellibranchiata
Order Unionoida
Family Unionidae

1. Lamellidens marginalis (Lamarck)
2. Lamellidens corrianus (Lea)]
3. Perreysia corrugate (Mueller)
4. Perreysia favidense (Benson)
5. Indonaia coerulea (Lea)
Family Corbiculidae
6. Corbicula occidens (Deshayes)

7. Corbicula striatella (Deshayes)



TAXONOMIC ACCOUNT OF GASTROPODA :

The live shells of Bellamya bengalensis studies from the river Kharkai
were thin shelled having variable and irregular dark bands. The species has
three forms in the river form typical, form mendiensis and form eburnea. All
the forms of B.bengalensis are edible in the form of cooked curry after the
removal of the shell.

The shell of B.dissmifes was broad by ovate with ovate aperture and
with five whorls. Its maximum population was encountered at S..

Bellamya variata had smaller shell in size in contrast to form typical,
ovately shaped aperture, sutures with 5 whorls.

The Pila globosa of the river had 3 or 4 whorls. It was rarely and
scarcely marked where temperature and pH was below 25°C and 7.5
respectively.

Digoniostoma pulchelfa had small thin shell with depressed sutures
having whorls 3-4 in number, convex with spiral striae and weak growth of
lines.

The Gabbia orcula had globesely concical shell with 4 whorls, the body
whorl was considerably swollen, operculum shelly crecentic, concave with a
central nucleus.

Thiara scabra from the river had elongated, ovate thin shell with 7-8
whorls. operculum ovately rounded and horny, small ovate aperture, pale
blackish.

Thiara tuberculata had thin elongated shell with high spire and large
body 8 - 8 whorls having dark red brown dots, ovate opercuium.

Thiara lineata from the river have thin shell which was spirally ridged
with 7-8 whorls, angularly round, operculum ovate, horny dark brown.

Thiara paludomoidae collected from river had conical shell with distinct
suture including 9-10 whorls regularly arranged, opercufum conical yellowish

brown.



GASTROPODA
3 6

4

S 6

e
1. Pila globosa (Swainson) 4. L. {Pseudosuccinea) acuminate patula Trosche
2. Bellamya bengalensis (Lamarck) 5. Thiara scabra (Muller)

3. Lymnaea (Pseudosuccinea} f.rufescens {Gray) 6. Thiara (Melanoides) tuberculatus {Muller)



TAXONOMIC ACCOUNT OF BIVALVES :

Lamellidens marginalis of the river had in equilateral ovate shell,
unbone swollen knob like structure in each shell and the nacreous pearly
white, two large oval scars seen on the inner surface of the shell into which
anterior and posterior adductor musctes remain attached.

Lamelfidens corrianus having inequilateral shell, narrowly ovate with
larger valves. The unbones are slightly elevated and the macreous is pearly
white iridescent.

Perreysia corrugafe had small shell scarcely inequilateral and smooth,
oblique linear ridges, dorsal margin concave whereas the ventral margin is
CONVEX.

Perreysia favidense had thick shell, broad but short in contrast to
lamellidens : shape elliptical to round, cardinal teeth narrow on the inner
surface.

Indonaia courulea had shell elliptical, inequilateral short and rounded
anteriorly, texture thin, irregularly striate, hinge narrow and straight.

Corbicula occidens had small triangular ovate shell with regularly
striated surface. Anterior and posterior margin of the shell are always equally
broad and rounded, ventral margin smoothly curved.

Corbicula striateffa had triangular shell, ovate slightly inequilateral. The

shell surface regularly and closely concentrically striated.



BIVALVIA

5 - 6 - 7

1. Lamellidens marginalis {Lamarck) 5. Parreysia (Parreysia) Var marcens (Benson)
2. L. corriarus {Lea) 6. Corbicula striatella Deshayes
3. Parreysia (Parreysia) favidens {(Benson) 7. Indoplanorbis €xustus Deshayes (Castropoda)

4. Parreysia (Parreysia) Var pinax (Benson)



E. ICHTHYOFAUNA OF THE RIVER KHARKAI AT THREE SAMPLING
STATIONS:

Fishes are the important aquatic animals and have an important role in
aquatic ecosystem and life in one or other ways. They form a rich source of
food of man and many other animals. They serve as an important item of
human diet from time immemorial and are primarily caught for this purpose.
Fish diet provides proteins, fat, vitamin A and D as well as phosphorus and
other elements. They have a good taste and are easily digestible. Many
research works have been carried out on fishes of both the lentic and lotic
water bodies of inland water of the Indian sub-continent by a lot of workers.

The freshwater fish fauna of Kharkai River (Jharkhand) has been
represented in respect of the threatened and endemic freshwater fishes of our
country. At present forty four species belonging to thirty six genera, fifteen
families of freshwater fishes are known to occur in this river. It has been found
that this river contains forty three threatened and one endemic freshwater
fishes of India.

The available published literature on the fishes of river Kharkai and
field study in different fishes resource places of the river are made during this
investigation (March-2012 to February-2014) to prepare the list of vulnerable,
endangered, rare and endemic species of fishes. In this regard opinions of the
fisherman, fish catchers and other rural people who are fond of fishes are
consulted for the present study.

The fish species found in river Kharkai which were recorded vulnerable,

endangered, rare and endemic species are as listéd below:-

A) Vulnerable Species :

Name of Species Family
1. Gudusa chopra (Ham.) Clupeidae
2. Nolopterus notopterus (Pallas) Clupeidae

3. Oxygaster phulo (Ham.) R
Cyprinidae



4. Barilius bola (Ham.)
Cyprinidae
9. Barilivs bendelisis (Ham.)
Cyprinidae
6. Danio acquipinnatus (Mc.Clelland)
7. Chela laubuca (Ham.)
8. Amblypharyngodon microlepis (Bleeker)
9. Cirrhinus reba (Ham.)
10. Garra gotyla gotyla (Gray)
11.Garra mullya (Sykes)
12.Labeo calbasu (Ham.)
13.Labeo gonius (Ham.)
14. Puntius chonchonius (Ham.)
15. Puntius chola (Ham.)
16. Lepidocephalichthyes guntia (Ham.)
17. Noemacheilus rupicola (Mc.Clelland)
18.Rita rita (Hams.)
19. Mystus vittatus {Bloch)
20.Mystuc Oar (Ham.)
21.Mystus seenghala (Sykes)
22.Alia coifa (Ham.)
23.Clupisorna garua (Ham.)
24, Pangasius Pangasius (Ham.)
25.Bagarius bagarius (Ham.)
26. Clarias batrachus (Linn)
27 Heteropneustes fossilis (Bloch)
28.Channa orientalis (Bloch)
29. Rhinomugil corsula (Ham,)

30.Anabas testudineus (Bloch)

Cyprinidae
Cyprinidae
Cyprinidae
Cyprinidae
Cyprinidae
Cyprinidae
Cyprinidae
Cyprinidae
Cyprinidae
Cyprinidae
Cyprinidae
Cyprinidae
Bagridae
Bagridae
Bagridae
Bagridae
Schilbeidae
Schilbeidae
Pangasidae
Sisoridae
Claridae
Heteropneustidae
Channidae
Mugilidae

Anabantidae



B) Endangered Species:-

Name of Species Family

1. Anguila bengalensis (Grey) Anguilidae
2. Amphipnous cuchia (Ham.) Amphipnoidae
3. Noftopterus chitala (Ham.)

Notopteridae
4. Barilius bola (Ham.)

Cyprinidae
5. Tor tor (Ham.)

Cyprinidae
6. Tor puntitora (Ham.) Cyprinidae
7. Ompok bimaculatus (Bloch) Siluridae
8. Ompak pabda (Ham.) Siluridae
9. Glyptothorax neisoni (Ganguli et.al.} Sisoridae

C) Rare Species

Name of Species Family
1. Barilius barna (Ham.) Cyprinidae
2. Puntius clavatus
Cyprinidae
3. Mystus mukherjee (Ganguly and Dutta) Siluridae
4. Glyptothorax coheni (Ganguli et al) Siluridae

D) Endemic Species
Name of Species Family

1. Garra satyendranathi (Ganaguly and Dutta) Cyprinidae



F. DESCRIPTION OF MACROPHYTES:

Macrophytes are rich in Kharkai river because of stony bottom of the
river. The abundant macrophytes are Eichhornia (Water Hyacinth or
Jalkumbhi), Vallisneria, Potamogeton, Hydrilla, etc.

Eichhornia — The free floating hydrophyte that grows in ponds, lakes and
rivers containing fresh water. When the level of water is low, the plants get
rooted in the soil. The stem is offset that grows prostrate below the surface of
water. It is spongy and stores air. The leaves arise at the nodes in cluster.
The petioles of the leaves are inflated that keep the leaves out of water. The
nodes also bear clusters of brown adventitious roots in water. They act as
balancers. The emerged leaves have water proof waxy and cuticular coating
to prevent wetting.?

Vallisneria - It is submerged stoloniferous flowering plants which have seen
mostly in S1 near Baba Kutir Ashram. The stem is reduced, the leaves are
large and ribbon shaped. The leaves lack cuticle and stomata. They do not
provide any resistance to the flow of water. The whole plant is covered with
mucilage.

Pistia — This is a free floating hydrophyte found in both edge of $3, which
were present as dense green belt having offset subaerial stems. The leaves
arise at the node in cluster out of water. The nodes also bear cluster of brown
adventitious roots in water.

Potamogeton — The submerged hydrophytes having spongy, slender,
elongated, and delicate stem. It limps when taken out of water showing that it
does not bear any mechanical tissue. The leaves lack cuticle and stomata.
Hydrilla -~ The submerged hydrophyte found in fresh water river or ponds.
The stem is soft and slender and bears thin and membranous leaves in
whorls of 3 - 8. The leaves are arranged in such a way to provide least

resistance to the flow of water.



G. TEMPORAL CHANGE IN PLANKTONIC FAUNA:

In the present investigation water temperature at each station was
measured once a day at the time the station was visited. Several workers
after studying the temperature variation over a streich of streams found that
the diumal cycles are superimposed upon seasonal change. So many
discussion of temperature involve the method of measurement. Thus accurate
comparison of temperature at different seasons and at different stations could
not be made. From the observation it arises that the water temperature of the
Kharkai river showed distinct seasonal variations and was recorded to be
fairly low during December to February. With the onset of spring, March
onward it tended to increase and attained appreciably high values during April
to October.

The partial Comrelation between temperature and Zooplankton density
was found to be very less. It suggests that the number of Zooplankton has in
inverse correlation with the increase in water temperature. In fact temperature
is the main factor that regulates the seasonal pattern of development and
densities of plankton. The three groups of Zoo-plankton showed their period
of maximum density in different months which may be due to their different
optimal thermal requirement

Bottrel (1975) in the laboratory conditions has demonstrated the
dependence of densities on temperature. This is a good support to our
findings in the present work. Global rise in temperature is to create havoc in
the days to come.

Higher temperature increased growth and rhultiplication of both phyto
and zooplankton. Occurrence of rich micro fauna in a water body proved high
polluted water and high temperature. So in stations-3 (S-3) no. of
phytoplankton diversity is comparatively more than S-1 and S-2. Because this
site got more poliuted water from major parts of Jamshedpur and Adityapur
town. (Table-12.). In this site shallow water reacts quickly to the change of

atmospheric temperature.



Phytoplankion produce asexually and keep population number up.
These are most abundant in areas with a high intensity of light and high range

of temperature as they can convert Light energy into Chemical energy.
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RESULTS AND DISCUSSION

A. PHYSICO-CHEMICAL PARAMETERS

NATURE OF SUBSTRATE:

From the foregoing observation it appeared that the river bed was
basically muddy along the upper course of the river but sandy along the lower
course. Substrate was muddy with patches of coarse sand and sparsely
scattered gravels and thick layer of silts at Si. Besides muddy area with silt
was also present on the fine sandy bed of Sy and S..

fn the present investigation,sandy substrate of S, and S; was provided
with boulders and chips. Rocks, boulders, pebbles and chips provide surface
for the growth of algae and mosses (Hynes, 1979), which act as potential food
base for the organisms. Hynes (1979) also proposes that mean particle size
decreases in downstream direction and there is thus a correlation between
the particle size and the slope. Many factors, such as composition of particles,
its exposure to weathering, turbulence and current speed, combined together
to make it probable that the further down a river, the smaller is the general
size of particles on the river bed. Larger particles, pebbles, stones and chips,
etc provide shelter to smaller ones and protect them from being entrained.
Consequently a mixture of coarse and fine particles co- exists at certain areas
of a river (Hynes, 1979).

Next important point arising from the observation is that the bottom of
headwater stations (S, and S;) were basically muddy and downstream station
(S3) was sandy. Besides this, the upstream sites were devoid of silts (S; and
S») but the amount of silts gradually increased further downstream and there
was a thick layer of silts at Sa. This may be attributed to the current speed,
nature of flow and nature of substrate. According to Hynes (1979), fine

materials like silts and mud would settle 20 cm/sec. The current speed of the



Kharkai river throughout the period of observations remained tow enough to
justify the sandy bed of the river. The mean current speed ranged between
9.25 cm/sec to 37 cm/sec during summer and rainy season respectively (Fig
16). The river bed is almost infinitely adjustable complex of inter-relation
between discharge, width ,depth, rate of flow, bed resistance and sediment
transport.

The nature of substrate in a stream influences the benthic fauna both
directly and indirectly. Stream bed is the source of friction to the water and
hence alter the current speed. Stream bed provided with obstruction cause
turbulence which effect gaseous exchange, grinding of particles and erosion
etc. It has long being known that habitat heterogeneity is responsible for the
distribution and abundance of certain taxa. Different type of substratum
harbour different communities or crganisms. Varied nature of substratum
contributes to river zonation. Fairly distinct benthic fauna are associated with
particular type of substrate. The large area of sand, mud, clay, etc. each have
their own characteristics fauna (Berg. et.al. 1948). In the present investigation
as would be seen later, substrate played but little role in change community
structure of benthic macro invertebrates along the proposed stretch of the
Kharkai River.

Water Depth and Current Speed.

The water depth of the river at the three sampling stations varied with
the seasons, being maximum in monscon months and minimum in summer
months. Similarly the current speed was found to be highest in monscon
months, lowest in summer months and moderate in winter months at all
sampling stations. This fact is attributed to the ecoclimatic condition and
geographical location of the study area. Next important point is that
continuous flow of water is maintained in channel of Kharkai river even during
summer months because the river is also fed with ground water, the amount
of ground water is being minimum in summer, maximum in monsoon and in

between in winter months.



Next important point arising from the observations is that the current
speed at the sampling stations remained fairly low throughout the period of
observations. The mean current speed during the seasons of highest flow
(monsoon) ranged between 35.33 cm/sec to 45 cm/sec. while during the
period of lowest flows (summer) ranged between 5.75 cm/sec to 20.75 cm/sec
at the sampling sites. The observed current speed is suitable for settlement of
fine suspended materials and for occurrence of sandy or muddy bed (Hynes,
1979). The observed current speed was not high enough to erode the river
bed. According to Hynes (1979) current speed above 200 cm/sec begins to
enlarge the river bed by erosion, unless they are harmed by rocks or mud
made structure. Einsele (1960) suggests the mean rate of flow is, of course,
related to discharge, width, depth and roughness of the stream bed but even
at times of flood it rarely exceeds 300 cm/sec.

Water discharge is of little direct interest in most ecological studies.
Usually, biologists are interested in most ecological studies. Usuaily,
biologists are interested in current speed of water where the organisms
actually live. The current speed has great effect on distribution and
abundance of organisms as it influences many organisms directly. The current
speed is inversely proportional to the logarithm of depth. The rate of flow
decreases rapidly at the bottom and there is a boundry layer right on the bed
in which it declines very rapidly to zero (Shukla, 1995).

pH:

In the present investigation the pH value revealed no significant
temporal or longitudinal change and remained neutral to slightly alkaline in
reaction with a range of 7.0 to 7.2 at all sampling stations throughout the
course of study, where occasionally acidic tendency (pH 6.9) was observed
(Table 4) in monsoon month. The acidic pH value of 6.9 was recorded in the
months of July and Aug'12 and May to Aug’13 at S;. This might be attributed
to high temperature and heavy organic load at this station which has
enhanced the rate of decomposition producing more Go, and consequently

reducing the pH to acidic zone.



Temperature:

In the present investigation water {emperature at each station
measured once a day at the time the station was visited. From the
observation it is observed that the water temperature of the Kharkai river
showed dislinct seasonal variation and was recorded to be fairly low during
December to February (18.6°C to 19.5°C). With the onset of spring, March
onward it tended to increase and attained appreciably high values during April
to October. Temperature is of course intimately related to latitude, altitude and
season (Hynes, 1979).

Next important point arising from the observation is that the range of
annual variations in temperature was maximum at S (18.5°C to 35.2°C) and
S, (18.6°C to 36.0°C) and minimum at S {18.5°C to 36.9°C). This fact may be
attributed to the water depth which was very low at S84 and S, but significantly
high at Sa. It is well known that shallow water reacts quickly to the change of
atmospheric temperature. Hynes (1979) also suggests that the temperature of
streams and rivers vary much more rapidly than lakes but the variation is over
a much wide range in shallow water than in deep water.

Temperature is a very important factor in stream ecology and this is
shown particularly well where it changes suddenly along the course of a river
{Dad, 1281). The seasonal fluctuation of temperature is reported to control the
rhythm of life histories of many animals. Low water temperature may slow
down growth rate.

It is well known that the number of Zooplankton has in inverse
correlation with the increase in water temperature. In fact temperature is the
main factor that regulates the seasonal pattern of development and densities
of plankton. The three groups of zooplankton showed their period of maximum
density in different menths which may be due to their different optimal thermal
requirement.

Botirel (1975) in the laboratory conditions has demonstrated the
dependence of densities to our findings in the present work. Global rise in

temperature is to create a havoc in the days to come. .-



Free Carbon Dioxide:
Variation of free carbon dioxide in Kharkai river has been shown in the
Table-6. The minimum value of free carbon dioxide was recorded as 0.036

mg/l at site S4 and maximum value was 0.042 mg/l at site S,

Chloride:
The monthly variation of Chloride in the water of the river has been
shown in Table-7. The minimum value was 40 mg/l at S in the month of July

and maximum 118 mg/l at Sz in the month of September.

Calcium:

Calcium concentration of the river water has been shown in the Table-
8. Calcium hardness varies from 94.00 to 246.00 mg/l. The minimum value
was recorded at the site Sz in the month of June and maximum value

observed in the month of September.

Iron:

Monthly variation of iron in the river water has been shown in the
Table-9. The minimum value of lron is 0.10 mg/i in the month of May and
maximum value 0.86 mg/l in the month of November. The low concentration
of iron is not created health hazards. But high quantity creates digestive
problems (Singh D.K and Singh A.K, 1985). WHO, 1971 suggested maximum

permissible limited of iron as 1.0 mg/l for Drinking Water.

INTERRELATIONSHIP OF. SOME
PHYSICO-CHEMICAL FACTORS
In the case of transparency, it was seen that transparency of the water
decreases as the concentration of solid particles in the water increase. Thus
an inverse correlation was observed between these two parameters. In the
rainy season naturally hardness of water washed away, which influences the

zooplankton and phytoplankton density. .



In the case of pH and Chloride of the water, it reveals that pH has a
positive correlation with the Chloride. As per Zusti (1978), the pH of the water
appears to be dependent much more on the relative quantities of Calcium
carbonates and bicarbonates, but poorly dependent on Chlorides. The
findings of the present work thus support the earier Zusti (1978). The
inconsistent increase in Chioride content during different periods particularly
in summer season may be due to the incoming organic wastes of human
activity with domestic water and low water level in the river. But the value
increases in rainy season.

The interrelation of pH and alkalinity show positive correlation. This
point should be noted that the monthly values of pH of the river water showed
no significant difference during the study period. Values of alkalinity in the
present study were much higher to the values reported for river water by
Saxena (1997), Sharma (1986). The lower alkalinity values during rainy
seasons months show a reduction in the degree of pollution of the river water
at all the three sites.

The nearly constant concentration in Calcium and also magnesium
during Winter and Summer may be attributed to the study state of hardening
of water due to evaporation of the surface water and addition of Calcium and
magnesium salts from detergents and soaps released from houses and
workshop with washing water. Shukla (1995), Sharma ef.al. (1995) have

arnved at a similar conclusion.



B. PLANKTON

Plankton (Gr. Plankton Drifting), drift passively or swim so weakly that
even modest current push them around. They are microscopic organisms that
live suspended in the water environment and form a very important part of the
fresh water community. They are small animals and plants less than 5 mm
long.

Phytoplankfon are microscopic plants which obtain their energy via
photosynthesis. They require 400 x magnifications to see Bacteria Plankton,
Proto Plankton and most phytoplankton.

Zooplankton are mainly crustaceans larva, Rotifiers and Copepods,

Cladocerans. They are larger than phytoplankton.

PHYTOPLANKTON GROUP:

The main species found in the present work belongs to family Cyano-
phyceae, Chlorophyceae, Euglenoenophyceae and Bacillariophyceae. The
phytoplankton occupies the first position in the aquatic food chain. The effect
of some elements like Pb, Cd, etc show striking changes, even reduction of
cell volume in phytoplankton. Quality parameters play very important role. The
poliuted water was found to have altered water quality like Co,, pH,
temperature alkalinity, nitrate, phosphate, food material, all collectively control
phyto and zooplankton populations.

The main concern of the present work was to gain clear information
about plankton. It is estimated that over 90% of the world oxygen is produced
by four groups of plankion (Soil and water conservation society of Metro
Halifa, 2008). ’

Phytoplankton are more abundant in areas with high intensity of light,
as they convert this light energy into chemical energy. Higher temperature
increase growth and multiplication of the both phytoplankton and zooplankton.

Phytoplankton species have mixed nutritional modes (some feed on
other algae) in addition to synthesizing their food. When pollution increased

as in the site Ss, their density decreased due to adverse situation to large



scale climatic periodicity. Ulothrix Sp. Were relatively tolerant to Pb.
Oedogonium is sensitive to Pb. (Bryan. G W.-1971),

The work of Adhikary.S (1996), shows that physical parameters
interfere with the bloom forming — cyanobacteria (J.S.Industrial Research, 55
(8, 9) 732-732. According to Saxena.A (1997) seasonal variation of
phytoplankion productivity of Sagar Lake, {Sagar, M.P.) suggests that
summer is the most favourable seasons for phytoplankton productivity. Winter
was unfavourable. Ahmad Shamim, Nayak.P. Hussain M.A. found diurnal
variation of phytoplankton were influenced by pH, DO, Co,, Coz2 HCos™" and
temperature [Kef.J.Fresh water Biol.7 (1), (1995), 41 - 44].

Phytoplankton density depends upon transparency, temperature and
sun shine as observed by Joshi, B.D (1995).

Phytoplankton of river Koshi was studies by Pandey B.N. et.al. (2005).
Chlorophyceae and myxophyceae were abundant during summer,
Bacillariophyceae and Euglenophyceae were abundant in winter. pH,
hardness, Phophate concentration and toxixity due to Cd, Pb cause variable
life histories [Cloern J.E. and Dufford R. (2005)]

In the light of above findings by different authors, the present work
‘Limnologistcal studies of river Kharkai at river's meet (Domohani) and
Adityapur, Jamshedpur (Jharkhand)”, has given important informations on
Zooplankton and Phytoplankton.



ZOOPLANKTON GROUPS:

Investigation into the groups of Zooplankton and phytoplankton has
been the theme of the present work. In the study of zooplankton we have
centred the attention on only three prominent groups of micro invertebrates.
These are Rotifera, Copepoda and Cladocera. Gupta (2005), stated that
planktonic organisms very quantitatively with the depth site, time and the
seasons of the collection. Since very little is known about the planktonic
diversity, particularly the zooplankton of different fresh waters are assorted
and incomplete, hence the present investigation was intended to understand
the seasonal variation, periodicity and population dynamics of zooplankton

groups in relation to the physic-chemical factors.

PROTOZOA

Among the protozoans, only rhizopods by few species such as Arcella
discoides, Centropyxis ecornis, Diffugia oblonga were present in all the three
sites. It formed only about 3.13 to 3.68% of the total zooplankton of the 54 and
S; and 2.3 to 2.95% of the site Sa (Plate - 5). The S, site had its maximum
density of rhizopods in the month of August as 21 U/L and minimum density of
2 U/L in the month of March / April 2012-13 and 27 U/L in September and 2
U/L in February / March during 2013-14. They were absent during October,
November, April and May during 2012-13 and November, December during
2013-14. The S; site had its maximum density of 18 U/L and 30 U/L in
September during 2012-13 and 2013-14 respectively and minimum value of 4
U/L in February 2012-13 and 2 U/L in Pecember 2013-14.

ROTIFERA ’

Among the observed species of Rotifera Branchionus plicatilis was
available not only in all sites throughout the year, but this species also
available in minimum number, compared to the other species. The other two
species occurring throughout the year were Keratella kellicathia and sp.
Keratell tropica was captured in minimum number.

Quantitatively, only three species occurred throughout the year at all

the three sites. Synchacta pecitinate could not be captured during later half of



the summer season and early half of the rainy season. Four species of
Rotifera (Keratella tropica, Polyarthra vulgaria, Filinia longiseta and Hexarthra
mira) could not be recorded during the months July and August. Moreover
Synchacta sp. and Rotifera vivipara were available in the samples of site S,
but these species could not be recorded at Sy and S;. Like wise Rotaria
tridens was recorded only at Site S3, but never found in water samples from
site S and S,. Likewise Kerafella sp., Kellicathia sp., Synchacta sp., Fillinia
fongiseta, Rotaria tridens and R. vivipera were not found in the samples of
Site Sy in any months during the study period.

Summing up the whole, it can hence be said that out of the 10 species
of Rotifers in the present study, three were recorded at all the three study
sites and in all the months, two species Synchacta pecitinata and Roteria
vivipera were available only at site Sy, Rotaria fridens was recorded only at
Site Ss.

Six species (Keratella, kellicathia Synchacta, Roftaria tridens and
R.vivipera) were not recorded at Site S;. Species of Synchacfa was not
recorded between later half of summer and early half of rainy seasons and
four species (K.tropica, Polyarthra vulgaria, Filinia longiseta and Hexarthra
mira) were not available in the early half of rainy season

Previous Table No - 13 shows that Rotifers were available throughout
the year. They were found in maximum numbers between February to May.
There minimum numbers was recorded in month of August. Such a trend in
the distribution of rotifers has been earlier reported by Goving (1963) and

Gophen (1972} in their studies on river and lake system respectively.

COPEPODA

In the Kharkai river only five species from Copepod group were
recorded during the study period. These were Neodiaformus strigilipes,
Paracyclops fimbriatus, Heliodioptornus viduus, Pseudodiaptomous lobipes
and Encyclop sps. It can be seen from the Table No — 13 that out of the five
recorded species, Neodiaptomous strigilips was captured in maximum

number in comparison to others. This species was also available throughout



the sampling period and at almost all the sites, except in the month of June.
Paracyclops timbriatus and Eucyclops sps. were not found in the peak
summer months such as May and June. Psendodiaptormous fobipes was not
available almost the entire summer months.

In the present work Copepodes occured maximum during the months
from July till October. They were recorded in peak number during September.
Contrastingly, they were recorded in minimum numbers in the months of May
and June which were also the hottest months of the year. Yusuf and Quadri
(1985) have found a bimodal pattern of fluctuations in the Copepods number
in their findings on Lake Manosbal, Kashmir. They have reported at peaks of

modes in the month of late summer and early spring

CLADOCERA

Present work exhibits the occumrence of Cladocera in the three stations
of the Kharkai river. Only five species of this group of Cladocera were found in
the samples. These were Scapholeberis sp., Bunops sps. Daphnia sps.,
Chydorus phaericus and Hycryptus sordidus. Qut of them Hycryptus sordidus
oceurred in almost all the samples, at all the three sides throughout the
greatest number amongst all the Cladocerans. Other four species were not
available throughout the year. Thus, Scapholeberis sp. was not found in the
months of January and August. Bunops sps. and Chydorus sps. were similarly
not found in July. At site S; none of the above species could occur in the
months January, February, June, July and August.

Cladocerans were maximally recorded in October and April. There
minimum number was recorded in the months like other two groups of
zooplankton. Cladocerans also occurred throughout the year at one or the
other or at all the sites of study.

Data of table also lead us to say that among the three groups of
zooplankton, Rofifers community comprised of the largest number of
individuals, in general and in most of the months. The Copepods occurred at
second position and the Cladocerans comprise of the. minimum number of

individuals amongst the entire zooplankton community, under investigation.



The consolidated and percentage of captured data given in the Table-
17 further suggest that the population of Zooplankton comprised maximum
number of individuals at study sites S, minimum number of individuals at site
S3. Number of Copepods captured are shown in the Table-17.

The concern over deterioration of water quality to poliution has
attracted wider attention. This stimulated studies on limnology of the water
bodies like lakes, rivers and oceans. Recently Winter (1954), Capland (1970)
and Dickson (1971) reported the benthic macroinvertebrates, communities
along with species diversity indices to compare changes in aquatic
communities caused by environment stress in Europe. iImportant studies on
the seasonal variations of zooplankton and phytoplankton from other parts of
the world are those of Davis (1954), Cloem J.E. et.al. (2005), Hopkins W.A.,
et.al. (2004).

Cerlin 1943 correlated the seasonal changes of zooplankton with the
changes in Calcium and pH values. Welch (1962) has mentioned light, food,
factors for various patterns of distribution of zooplankton and phytoplankton.

Importance of studies of seasonal variations in fresh water of India was
recognized by different workers systematic studies started only lately. Ganpati
(1972) contributed much on the environmental factors as they effect the
dynamics of a aquatic system. Michel (1980) Prasad and Singh (1980)
reviewed the status of knowledge in Indian Hydrobiology.

In the light of above facts it was felt desirable to study the hydrobiology
of polluted Kharkai river water and its principal eifects on the zooplankton and

phytoplankton density in water.

PHYSICO-CHEMICAL CHARACTERISTICS OF WATER AND
ZOOPLANKTON DENSITY:

So far it is known, all natural bodies of water, irrespective of latitude,
longitude, altitude and physic-chemical characters in the vast majority of

localities support plankton, one of the main feature concerning horizontal



distribution of plankton is its irregularity, when any area of aqualtic
environment is considered.

Welch (1962) has mentioned light, food, dissolved gases, temperature,
gravity and wind as possible factor for various patterns of zooplankton
distribution.

Dorris (1978) stated that polluted waters have low diversity indices
because of the fact that pollution sensitive species are eliminated and few
pollution tolerant species ftourish well in absence of competition.

Harrel and Doris (1978), Rao etfal (1981) have inferred that
macroinvertebrate diversity tend to increase with increasing self-purification
on polluted rivers.

Coming to the reference of present study about the zooplankton
structure and their dynamics in the Kharkai river water, basically as already
reported (Chapter-3} investigation was limited to 3 taxanomic categories of
zooplankton. viz. the Rotifers, the Copepods and Cladocera. Among the three
taxonomic groups the Rotifer was represented by 14 species, the Copepod
was represented by 7 species and the Cladocera by 5 species. Thus from
species diversity point of view Rotifera constituted the most prevalent groups.
Among the zooplankton, Copepods occupy second place and cladocera the
third.

Pertaining occurrence of the zooplankton in the river water was found
that almost all the three categories were available throughout the study period
(March, 2012 to February, 2014). However further observation revaeled that
not all the species from any taxonomic groups could always be available in
the water. Thus only 3 species Asplanchnopus mulficeps, were available at all
the sides of the study period. Among Copepods, only species viz.
Neodiaptornus strigilipes and Heliodiaptomus viduus could be captured in
almost all the months and among Cladoceran only one species viz. Hycryptus
sordidus was found to remain present in the three stations site of river water
around the year.

The numerial dominance of Rotifers were found-over Copepods and

Cladoceran groups round the year. As exhibited by Table-17 the average



density of Rotifers as 120.00 + 54.81, that of Copepods 73.50 + 58.06, and
Cladoceran 19.41 + 10.89 of water. Percentage of the three groups further
reveals that in the zooplankton community of river water rotifers population
comprised 57.93 + 24.14%, whereas Copepods comprised of 33.38 + 24.90%
and Cladoceran comprised of only 8.66 + 3.37%. The main peak of rotifers as
observed in April, that of Copepods in with two peaks in the study period. The
first peak was recorded in the month of October and the second peak in April.
Choubey (1990) has reported a single peak for rotifers in the month of March,
for Copepods in the month of July and September. They too have stated that
Cladoceran in zooplankton community was scanty, but had two peaks, a
bigger peak in October and a smaller peak in July.

The concentration of zooplankton as seen in Table-13 suggested that
from amongst three stations (study sites) the maximum number was always

recorded at site S and minimum number at site S;.

Water temperature:- The number of zooplankton has in inverse co-relation
with the increase in water temperature. In fact temperature is the main factor
that regulates the seasonal pattern of development and densities of plankton.
The three groups of zooplankton showed their period of maximum density in
different months/season which may be due to their different optimal thermal
requirement. The rich growth of zooplankton was noticed during the winter
months with highest range and lowest range in monsoon months in respective
years of the study. Rotifera was the most dominant group. The Copepods
contributed the second position with the total density. The maximum density
of Rotifers observed in summer months in both the years. The minimum
densily was observed in monsoon months. Highest density of Cladocerans
was noticed in summer months and lowest density in the monsoon months.
Among the Cladoceran group, Dhapnia sps. was dominated throughout the
study period. The maximum density of Copepods was recorded in winter
months and minimum density was recorded in monsoon months. Among the

Copepods Cyclops was dominating during the study period. In Ostracods,



Cypris was the only species present in the water during post monsoon

months.

Alkalinity:- Study indicates that growth, survival and increase in number of

planktons is influence by the alkalinity of the water.

Nitrate and Phosphate:- The role of nitrate and phosphate in the metabolism
of the river water and sewage water draw an unprecedented attention due to
its importance in eutrophication. The increase in concentration of nitrate
during summer season is due to evaporation of water in the river water and
domestic sewage water, thereby increasing the concentration. Occurrence of
fewer nutrients during the other seasons may be due to its utilization in
macrophytic growth. Release of nutrients due to decomposition and rising
summer temperature also increase the nitrate concentration of water. The
increased nitrate concentration favoured the growth of Rotifer population in
water during this period. The optimal nutrient requirement vary from species

to species.

Turbidity:- Turbidity of water and zooplankton density was found to be weak
and negative. It suggests that zooplankton are not affected by turbidity level of
the water in the present findings. Trivedi and Goyal (1 986) have reported that
turbidity of a water body is associated with reduced microbial growth.

From the study it was found that Rotifers density was lowest in the
rainy season, high in winter season and highest in summer season. The
Copepod population was highest in summer season, high in winter season
and lowest in rainy season. During early rainy season most of the Rotifers
were not available. Likewise most of the Copepods were not available during
late summer season; while Cladocerans showed a great irregularity in their

distribution.



PHYSICO-CHEMICAL CHARACTERISTICS OF WATER AND
PHYTOPLANKTON DENSITY:

A perusal of the data obtained on the density and composition of
phytoplankton revealed that Bacillariophyceae and Cyanophyceae density
were comparatively high during summer season and the density of
Chlorophyceae was high during winter season but Roy (2007), Bhowmick and
Singh (1985) reported that the density of these phytoplankton were always
high during summer season. Singh and Srivastava (1988) have opined that
Chlorophysean algae proliferate in moderate alkaline aquatic medium
associated with low temperature while Munawar (1970) have suggested that
water with high alkalinity support Volvocaceae. The present study showed
that green algae form exhibited close affinity for high value of transparency,
dissolved oxygen and alkalinity and was also indicative the fact that polluted
water are unsuitable for multiplication of the green algal forms. The present
study also revealed that the members of Cyanophyceae behave differently
towards the phosphate and nitrate of the river. It is also suggested that silicate
is always more where the growth and concentration of diatom is less in water
and a temperature of 28-30°C to be the most suitable for Cyanophyceae
growth.

The present work was consistent with the finding of Bilgrami and Dutta
Munshi (1985), Singh and Srivastava (1988), Sinha (1992), Chakravarty and
Moitra (1993), Das and Sinha (1994), Roy (2007).

Thus the year round study revealed density of phytoplankton during
monsoon season in the river (Study Sites) was scanty and almost negligible
because of very fast water current. Massive inflow of pollutant, less
penetration of light, variation of physic-chemical properties in comparison to
summer and winter season.

The physic-chemical characters showed that the river water always
carried various physico-chemical substances in high concentration which
suggest that the water is qualitatively impure. In the present study, it is

observed that phytoplankton and zooplankton occurred throughout the year at



.\

all the sites in water in faily good numbers. It can be said that apart from the
Rotifers, Copepods and Cladocerans, many more categories of micro and
macro invertebrates thrive in the water. It therefore, leads the author to infer
that the domestic sewage, in here contaminate the river water, which cannot
be safe for health of those inhabiting on its banks.

It is said that the disorderness of the system {eutropy) of the universe
is increasing. There are many contributory factors like global warming,
depletion in ozone layer due to chlorofluorocarbans, oxide of nitrogen and
other chemicals of the volatile nature. Anthropogenic activities contribute
more to the global pollution. So river, rivulates and domestic sewage water
show high degree of pollution. The net effect is depletion of the important

zooplanktonic and phytoplanktonic species.
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PLATE - 1ICYANOPHYCEAE

A. Oscillatoriachalybea
B.
C.
D.
E.
F.
G

. Scytonema stuposum

O.curviceps

Nostoc commune
Nostoc paluasum
Anabaena sphaerica
Anabaena oryzae



PLATE-2CHLOROPHYCEAE

A.Ulothrix zonata B. Cladophora fracta C.Pithophora varia

D. C.elegans E. Coleochate irregularis F.Zygnema majus
G. Spirogyra brunea H. Oedogonium pussilum

l. Spirogyra microspora J.Spirogyra lylina



PLATE-3EUGLENOPHYCEAE

A.Euglena acus

B.Euglena acus varrigida
C. Euglena viridis
D. Phacuscurvicaudo

E. Volvox globater



PLATE-4BACILLARIOPHYCEAE

A.Synedra capitata
B. Navicula viridula
C. Navicula pupula
D.Pinnularia braunii

E.Pinnularia tabellaria
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PLATE-5 ROTIFERA

A. Asplanchnopus multiceps B. B.angularis C. B.caudatus

D. Brachionus sp. E. Filinia longiseta
F. Hexarthra mira G. KellicathiaH. K.tropica

I. Monostyla bulla ). Rotaria tridents
K. Rotaria viviparal.. Polyarthra vulgaris

M. Synohaeta pectinata



PLATE-6COPEPOD A
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A. Cyclopes sp.

B. Heliodiaptomus viduus
C. Heliodiaptomus pulchur
D. Neodiaptomus strigilipes
E. Pseudodiaptomus lobipes
F. Eucyclops sp.

G. Paracyclops fimbriatus



PLATE-7 CLADOCER &

A. Bunops sp.
B Chydorus phaericus
C Daphnia sp.
D.Hycryptus sordidus

E.Scapholeberis sp.



PLATE-8 GASTROPODA

Fresh water Gastropods of the river ;-
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PLATE - 12 : CRUSTACEANS, CLADOCERONS, COPEPODS AND
OSTRACODS
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CHAPTER - 05

SUMMARY

The Kharkai river arises in Mayurbhanj District, Odhisa on the north
slope of Darbarmela Parwat and the Western slopes of Tungru Pahar flows
touching Rairangpur, Saraikela zones and lastly enters the Subarnarekha
river in North Western part of Jamshedpur. The present study was undertaken
to test and substantiate the prediction of abiotic and biotic factors, quantitative
and qualitative analysis of phytoplankton and zooplankton at seasonal levels,
benthic fauna such as insects, fishes and molluscs of the river water and their
systematic account. Three stations were opted for collection of water
samples. The total distance of successive sites was about 7.5 km stretch of
the river Kharkai. The three sites taken were Babakutir Ashram (S1), near
Jayprakash Udyan (8,) and rivers' meet Domohani (Ss). Photographs are
shown at the end of the first chapter.

Investigation was done for a period of two years (March, 2012 to
February, 2014). The temperature of the water ranged between 18.5°C to
36.9°C at the three sites.

The turbidity value was found on the average to be lowest at site 1 and
highest at site 3 due mixing of varieties of effluents from the houses and
workshops on way. The transparency of the water naturally got affected and it
was maximum of S3 and less at S1. Maximum transparency was observed in
January. In the remaining months the transparency of the river water was
found to undergoe depression

Little variation as observed in the value of pH in the water of the three
study sites. Concentration of dissolved oxygen was less during the summer
months and remarkably low at rainy season. Calcium, magnesium and iron all
three contribute to the total hardness of any water body. The minimum value

of free Co, was recorded as 0 036 mg/l and site S; and maximum value was



0.042 mg/t at site Ss.Heavy metals like Zinc, Cadmium, Nickel and Lead
observed mainly at Site3,found in low amount at other two sites.

Continuous addition of treated and untreated wastes change the water
quality. Analysis of water samples were also done for water quality
parameters like to toxic heavy metals concentrations like Zn, Cd, Pb. Gills,
muscles and fins of fishes are analysed for Mo, Zn, Cd, Co and Pb. These
elements ultimately reach the human body. Zooplankton and other micro
benthos serve as food source to fishes. Toxic metals or trace elements or
heavy metals influence the population of zooplankton and cause sharp
decline in the micro and macro zoo-benthos colonies.

Investigation into zooplankion was centered on only four taxonomic
categories viz. Rotifera, Copepoda, Cladocera, Ostracoda and some
Protozoa. Among the Rotifers, in all, fourteen different species were recorded
in the river water. Copepods were represented by seven species. Among
Cladocerans only five species were recorded in the water. Ostracoda was
only one species that is Cypris sp. All the four categories of zooplankton were
found at all three study sites. Rotifers were found in maximum numbers
between February to May and minimum numbers was recorded in the month
of August. Copepods occurred maximum during the months from July till
October. Cladocerans were maximally recorded in October and April.

Phytoplankton are microscopic plants which obtain their energy via
photosynthesis. They assist in recycling elements such as Carbon and
Sulphur. They produce asexually and keep population number up. These are
most abundant in areas with a high intensity of light as they can convert light
energy to chemical energy. ’

During the course investigations four families of Phytoplankton were
recorded for example Cyanophyceae, Chlorophyceae, Euglenophyceae and
Bacillariophyceae. There was 7 species of Cyanophyceae, 12 species of
Chlorophyceae, 5 species of Euglenophyceae and 5 species of
Bacilariophyceae recorded in Table-12.

Higher temperature increased growth and multiplication of both

phytoplankton and zooplankton. Phytoplankton density depends upon



transparency, temperature and sunshine as observed by Joshi, B.D {1995).
Chlorophyceae was abundant during summer. In the rainy season naturalty
hardness of water washed away which influences the zooplankton and
phytoplankton density.

The member of Cyanophyceae behave differently fowards the
phosphate and nitrate of the river water. Thus the year round study revealed
that density of phytoplankton during monsoon season in Kharkai river was
scanty because of very fast water cument, massive inflow of pollutant, less
penetration of light.

The group gastropoda was represented by 15 taxa belonging to six
families of two orders namely Mesogastropoda and Basommatophora. Both
orders include 15 species.

The fish species found in river Kharkai during March 2012 to February
2014 were recorded thirty species as vulnerable species, nine as endangered
species four as rare species and one as Endemic species.

Macrophytes are rich in Kharkai river because of stony botfom of the river.
The abundant macrophytes are Eichhornia (Water Hyacinth or Jalkumbhi),

Vallisneria, Potamogeton, Hydrilla, etc.

Occurrence of microfauna in a water body is not the character of the
good quality of water. The presence of poor number of zooplankton and
phytoplankton in the water leads us to infer that the water of the river is
qualitatively polluted. Poor number of zooplankton and phytoplankton show
less dissolved Os. Finally it is concluded that physico-chemical parameters of
water of the river Kharkai as compared to a potaple water is poor. Therefore
conservation of alt living species in the river Kharkai is very essential to
maintain the eco balancing of the river. The conservation can be undertaken
through stopping direct discharge of sewage and industrial effluents from the

industries.
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ABSTRACT

To evaluate the zoopfankton diversity of river Kharkai (Jharkhand State) in relation to the prevailing
environmental conditions three stations-Baba Kulir Ashram_ Jayprakash Udyan and Domohani (River
meet) were identified from upstream fo downstream along the course of river in Jamshedpur. DO was fow
on many occasions at all the stations except Baba Kutir Ashram and COD values were high There was a
gradual increase in mean nitrite and phosphate values from up fo downstream Plankionic density was
poor. Copepoda and Cladocera were the most pre-dominant grotps followed by rolifers. plankfonic
oligochates. dipteral, ostracoda, protozoa and Hydra at aif stations. Refatively low density of zooplankton in
spite of ugh niitrients budget may be a function of great infestation of water quality. Seasonally high density
was reposted during monsoon whife fow in post-monsoon. Increasing number of rotifers nexi to copepods
and cfadocerans indicate an aquatic regime with substantiatload of organic matter Planktonic diversity was
pocr Abundance of a particular group of organism in a deferiorated and polfuted environment may not
eliminate the energy at higher tropic level Filthy condition with foul smell through the fength of the river
coupled with poor water quality and appearance of indicator organism was marked.

Key words: Environmental condition, Planktonic Density
INTRODUCTION:

The disposal of wasles inlo the aquatic environmenl has long been an accepted fact but it is being
done without considering the possible consequences it may pase. The aguatic environment has a good
deal of assimilation capacity bul when the waste load exceed absorbing capacity pollution becomes a
serious problem Today aquatic pollulion assumes a major challenge to man because the living resources
form an essential source of animal protsin The rivers have become seriously vulnerable to pollution in
industrialized cities leading to serious limitations to our harvesting the food from the polluted environmenls
Jamshedpur city 1s an example of the condilions posed by increasing urbanization and industrialization
The qualily of domestic sewage and industnial waste produced in Jamshedpur Town is aboul 325mld {Jal
Nigam, 1983} Atpresentthereis only one treatment plant of 42 mld capacity localed at Bislupurio treat the
sewage from Jugsalai, Bistupur, C H Area Bhalia Park and TISCO Therefore a major portion of the
sewage is discharged unlreated at various places In the river Kharkai. Usefulness of Zooplankton in
pollution moniloring programme to ascertain the river health environment is well established
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MATERIALS AND METHODS

Three sampling stations were identified along the course of river in Jamshedpur The selection of
two sampling stations was made in specific discharge dominated areas while one station (Baba-Kulir
Ashram} in upstream presuming a stress free unpolluted environment

Baba Kutir Ashram (22°46'N 85'05'E) 1s selected as the first study site Bottorn of (he river in this
site is rocky and sandy. This stalion is situated in the upstream of river Kharkal besides Baba Ashram Cn
this side the widlh of the riveris less and comparatively the depth is mare The site is lhe bast for study of
zooplankton and phytoplankton

Jayprakash Udyan (22°48'N 85°07'E} is a spot on lha river Kharkai in downslream in the out skirt of
the city Jamshedpur. A Toll Bridge is conslructed on the river |t gives a beautiful architectural view Both lhe
side of the river banks are thickly rocky

The 3" station is Domohani (22°51'N 85°10'E) lhe interesling sile, because both the river
Subemarekha and Kharkai meet in this place This part is always busy wilh boating and fishing. This site
gives beautiful archilectural view On the side of the riverbank, there is Shiva Temple, Marine Drive Road
with beauliful lookout, This stalion has been identified as a recovery zone in downslream

Samples were collected maonthly for assessment of environmenlal parameters (water and soil)
and biological paramelers Waler sample include temperature (air and water) pH, DO,, CQO,, alkalinity
hardness and nutrients (NO,, NO, & PO,) Temperature pH CO, and DO, were analyzed immediate in the
field itself, while for rest of the parameter the water samples were collected in half itre narrow mouth
polylhene botile and were analyzed fellowing the standard methods (APHA, 1988)

Zooplankton the micrescopic free floaling animal component of aguatic syslem are endowed with
many remarkable fealures and are often armored with species, which hamper lheir predation by higher
organtsms The ability of movement not only provide them an effective defense measure but also enable
lhem lo actively search and feed upon the phytoplankton. Their high and rapid rate of parlhenogenetic
reproduction usually overcomes the predation losses and enables them to exploit algal hlooms These
constilute an important link between primary producers and consumers of higher orderin aguatic food web

The zooplanklon samples collected following the standard methods (APHA, 1998) The samples
thus collecled were preserved in 5% formaline Identification of Ihe zooplankton in the sample were done In
laboratory using keys & manographs and then proceeded for qualitative and quanlitalive analysis (AFHA,
1998: Edmondson, 1959; Needham & Needham, 1962)

RESULTS AND DISCUSSION

The mean pH shows a gradual decrease from upstream to downstream stations except Baba Kutir
Ashram with exceptionally low value {7 20} DO were low at both sewage dominated {Jayprakash Udyan)
and industrial waste dominaled (Domohani) siations Perhaps the high organic load might have causes the
depletion of oxygen There was a gradual increase of CQ. from upstream to downstream High mean
alkalinity (266 96 mg/l} at Jayprakash Udyan and hardness (288 98 mg/l) at Domohani were observed
Mean values of phosphale and nitrate show increasing trend from upstream to downstream Higher mean
nitrate was noticed at Jayprakash Udyan and Domohani may be because of high arganic load, Increasing
trend of CO,, Po.and No, from upstream lo downstream as well as poor Do values represents the poor river
conditian due 1o influx of sewage and industrial effluents The water quality of the river indicates that the
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riveris under severe pollution stress both but sewage as well as industrial wastes

AlBaba Kutir Ashram protozoa was represented by only one genus | & Polytorna The two genera
Cypris and Cyprinotus belong to order Ostracoda Qrder Rolifer has Branchionus and Keratella The
genera belong to the order Cladocera were Daphnia. Monodaphnia and some unidentified forms. The
genera Cyclops and Diaptomusrepresentthe Copepoda, Dioptram insects were also reported

In Jayprakash Udyan Ostracoda were represented by lwo genera Cypris and Cyprinotlus The
genera belongs lo Rotifer were Testudinefla. Brachionus, Monostyla, Trichocera The Cladocerans were
Dhapnia, Monodaphnia, Ceridodaphnia and some unidentified forms. The genera Cyclops and Diaptomiis
belong to Copepoda. Worms were Tubifex and Chironomus larvae Maximum populalion densily was
observed in April'13 and July'13. Seasonally higher values for density were noticed during monsoon
followed by pre-monsoon & post mensoon

In Domohani protuzoa represented by three genera Eugfena. Vorticella and Polvtoma The Cypris
and Cyprinolus were the candidate genera belong to Ostracoda The genera belong to Rolifer were Fitinia
Testudinetla Branchionus, Trichocera. Monostyla The order Cladocera has Daphnia, Monodaphnia,
Ceridodaphnia, Moina and some unidentified forms The copepod was Cyclops Mesocyclops,
Paracyclops The dominant and common genera encounlered at this slation were Daphnia. Monodaphnia,
Cyclops. Maximum population density was noticed in July'13 and August'13

Highest number of rotifer genera were encountered at Jayprakash Udyan while lower in Babha
Kutir Ashram. The population of zooplanktan 1s comparatively low as compared to phytopiankton
Increasing number of rotifer next to Copepods and Cladocerans indicates an aquatic regime with
substantial load of organic matlers (Baruah, 1993). Relatively low abundance of zooplankion could be
eitributed to less availability of energy for their growth probably in a populaled environment. Higher values
of autrients coincide with high population density of phyloplankton and benthos during pre-monscon
{Varshney, 2008} Relatively low abundance of plankton popuialion and biomass nspile of high nulrient
budget of the system was a function of great infestation of water quality by pollutants which ndicale extreme
slate of deterioration of water quality leading to un-conduclive ecological regime for fisheries development

Mean maxima for zooplankton at all the three stations was observed during mensoan while
minimum density was recorded during post-monseoon
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ABSTRACT : Water is a prerequisite for (he existence of life Water badics arc important
ecological habitats, high in productivity as well as biodiversity Warer has become an issuc of
a majot concern and countrics, stales, regions; groups arc locked in conflict over access fo
watcr. Water is the most entical limiting factor for many aspects of life. such as economic
growth, environmenta] stabiliry, biodiversity conversation, food security and health care The
main thrust 1s not a sacred reverence for water but a material interest in the water as a source
and 1equirement for livelthood, not so much a concern with the rights of other species and of’
further generation. As a conseguence to these problems the biodiversity and the Tivelihood
will be aftecled severcly. These may in near fumire extends to a war. Even thongh there are
legal protections, they are violated by a great extent. This paper is an attempt to protect the
grave problems with existing legal aspcects and the problem suggestion.

Key words: Water Management, Biodiversity, sustainable, livelihood

INTRODUCTION

Water is perceived by different people in differcnt contexts in different ways; as a
comnodity, as commeon as a basic right and as a sacred resource of divinity. Now it can be
termed as an environmental issue. The main thrust is not a sacred reverence for water but a
material interest in the water as a source and requirement for livelihood, not so much a
concern with the rights of other species and of fufure generattons. All these perceptions are
valid and they are partial. What is true of one of the multiple dimensions or aspects of wailer

may not hold for another.

Perceptions of water:

Water as commodity: Let us see some contexts where water is created as 2 commodity:
Use of water for irmigation in commercial agriculture, Use of water for cooling or steam
generalion o indusirial processes, Luxury uses by the afflueni like in saunas, swimnuing

pools, yardening and so on, Use of watcr in hotels for keeping its operations like kiichen,
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bathrooms, toilcts, laundry, swirming pools, gardening and other recreational facilities. For
all these uses they may enter into contracts with supplymng agencies for bulk water supplies

for a regular basis. To many of us the notion of water as a commodity seems unacceptable,

Water as commons: This view of water as commons or as a common pool resource is
strongly advocated. Here two points are Lo be noted on the notion of comunons. The first is
that in the contexl of a small lake or pond or tank or other watet body on commen land, water
can be treated as owned by conmmunity and its application is easy.lts application is difficult in
larger watcr bodies, streams and rivers, urban water supply systems where an agency, thal
may be public or private, supplics water to cilizens by a network of pipelines from its
storages. Sceond point is that the community is cofleclivity and the idea of comumunity
management of common pool resource docs not nmply any individual rights to water. The
rights of individoals will be thal arc agreed upon by the comnmmnily or conferred by civil

society instmiions instead of being gianted by the state or arising from contacts

Water as a basic right: Water sustains life and it is a basic need and a right The
fundamentat right to live is held to include the right to drinking water. We need to go beyond
human beings and recognize the tights of other species, whether livesiock ot wildlife, to

walcr,

Water as a sacred resource: Water supports lifc and it is a part of the namsal
cnviroument, sustaming it, and m m being sustained by it, leads to its being regarded as

sacred. In Indian tradition rivers have always been regarded as divinities

Water as an economic good: 1t argues that it is best left to market forces. I property
tights in water were defined and trading allowed, water markets would emerge, prices would
be established, resource conservation would take place, sustainability would be taken care of,
cquity would be cnsured and conflicts would automatically resolved by market forces, When
it 1s used for industry or agriculture, it becomes an econamic good. When warer it is used for

sanilation or in hospiials or for [irefighting, it becames social good,

Water as on environmental issue: This perspective emerges from a concern to protect

the natural environment from human depredations in pursuit of what goes by the name of
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development. That concern give assertion of the rights of aquatic life, the rights of the river
and-the rights of the natural environment. These 1ssues may be mamly on dams and
privatization of wafer services. All these are partial perspectives. That does not imply a
questioning of their validity or relevance. All are required also. The assignment of centrality

to some perspectives 1s problematic.

Problems of water:

Undoubtedly we can staic that the projects and schemes undertaken in the past have
contributed to an increase m food production, added to Hydropower capacity, provided water
for domestic, municipal and indusmal uses and helped in tload moderation. There are some

negative aspects which atfect the eco systems and human beings are:

Dvinking water: scarcity of water in rual areas is a burden of fetching water from distant
sources falls on women including girl children and yet women who are providers and
managers of walet 1 die houscholds have litlle voice in walcr resource planning in our
country. Most of the large cities are chromcally short of water, Some states like Tamil Nadu,

Kamataka, and Delhi have to depend on ncighborine states for water.

Drought- prone areas: There arc many arid zones and drought-prone areas in the country
like; Rajasthan, Gujarat, Maharashtra, Kamataka, Andhra Pradesh and Tamii Nadu. Droughts
are recurring features in these a areas. This causes much misery to human beings and the eco-

systemn. They may often result in large scale raigration

Floods: The mintal response to flood damage was to oy to control floods by seructural
means such as dams or embankments which found ineffeciive or even harmful. Large dams
are not often planned with the primary aim to flood moderation. Dams may moderate flood
flows to some extent under normal conditions. They may aggravaie the position il water has
to be suddenly released m the interest of the salety of structures, For embankments they have

L0 be repeatedly rebuilt at great cost and may fail in major [eod.

Irrigation: The benefits of irrigation arc evident but the channels used for irrigation are not
clfective. Injudicious canal-irrigation regardless to soil conditions, ever-applicalion of waler,
the failure to take the ground water table into account and inadequatg attention to drainage

3



have led 1o the emergence of conditions of water logging and salinity in many arcas. This will
result in valuable agricultural land going out of use. The reclamation of land thus lost is

possible only with large investments.

Conflicts: Disputes over river waters are becoming intraciable and the constitutional
conflict resolution mechanisms do not secm to be working well. Conflicts could aise arisc
between uscrs, between areas and berween classes. There 1s also possibility of conllicts

between the people and the state

Groundwater: There has been over exiraction (mining) of wround waler leading (o
depletion in several areas and salinity ingress in some coastal zones There are serious equity
issucs n the context of power- driven extraction of ground water through tibe wells and bore
wells and sand mining. There are also serious problems of pollution and contarmination of

ground water and there are no such mechanism 1o regulate or enforce the law and order.

Water pollution: 1t can be defined as the concentrations of particular pollutants in water
for sufficient periods of time io causc certain ellccs. If the effects are health related, caused
by pathogenic bacterial intrusion, the tenn contamination 1s appropriate. Effects of limttations
pn water availability due certain water quality requirements related to usage can serve as
basis for defining a condition of water pollution. Nuisance refers to displeasing effects

crealed by oils, or other floating materials

Large Dams and its impacits:
Dams have two main functions; the first is to store water to compensate for fluctuations in
river flow or in demand for water and cnergy. The impacls can be classified into two;

environmental and human tmpact

Environmental Impact: can again be grouped under (i) Impacts due to existence of
dams and reservair. Upsiream change from river valley Lo reservoir. Change in downstream
marphology of river bed and banks, delta, estuary and coast line due to altered sediment ioad
Change in downstream waltcer quality, temperature, nutrients, turbidity, dissolved gases, heavy

melals and minerals. Reduction of bio-diversity due 1o the blocking of the movement of
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organisms. (7i) Impacts due to pattern of dam operation include: Change in downstream
hydrology, Change 1n total flows., Change In seasonal uming of flows., Short-term
fluctuations i flows, Change in extreme high and low flows, Change in downstream
morphology caused by altered flow pattern, Change in downstream water quality caused by
altered flow pattern, Reduction in ripanian / flood, plain habitat diversity, especially because

of elimination of floods

Human Impacts: In mosl cascs lhere are varying degrees of displacement of human
scttlernent with the attendant problems ot resettiement and rchatilitation. This impact often
falls on poor and disadvantaged sections, particularly tribal communities. There are inherent
difficulties in it like - Lack of knowledge of the numbers und categories of people likely to be
affected, Separation of communities from the nawral resource basc on which they are
dependant, [nadequacy of land for land based rehabilitanon, Scattermg of well-kut
communities, Resettlement in distant and unfamiliar areas, Difficulties with the host
comummities  the resettlement areas, Major transformation in ways of living, Loss of old
coping capabifities and the need to leamn new skills and ways of living. As a consequence to

these problems the bio-diversity and the livelihood will be affected severely.

Laws relating to the water include :-

Constitutional provisions: Under the Indian Constitution water is a State subjcct. There-
18 a tendency to teke this proposition to proceed to further propositions and arguments, This
can be in two directions: one is to assert that water is nghtly a State subject, this must be
accepted and the Centre must refrain from encroaching into this area. The other is to deplore
that water is a State subject, and to argue that the Centre needs to play an umportant role in
regard to this precious resource In order to facilitate this water should be transferred to the
Concurrent list. Article 262 of the Constitution provides for parliamentary legislation for the
adjudication of inter- state river water disputes, and for barring the jurisdiction of the courts

including the Supreme Courl 1n such cascs.

The Water (prevention and Control of Pollution) Act, 1974- 73" &74*

Amendments: The Eleventh and Twelfth Schedules (o the Constitution lay down lists of
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subjects to be devolved to the Panchayaths and Nagarpalikas. The lists include, inter alia,

drinking water, water management, watershed development and sanitation

Inter- State Water Dispute Act 1956, Amendment to ISWD Act 2002 and
Recommendations of Sarkaria Commission Nuational Warer Policy 1987 and

2002: This does not talk about the environmenl, ccology, sustainability, equity, social
justice, conservation, participation, role of women, involvement of stakeholders and so on.
Even though above these acts and policies are in application we do not have proper

safeguards to protcet watcr and there by sustamable livelihood

Suggestions for Improvement:

Ensure access to safe drinking walcr for all, Availability of water for agriculture, industry
and wrban centers with due regard for clficiency, economy and equity, Appropriate conlro]
and managemenl measures o drought-prone arcas, Creation ol consclousness on water
scarcity, Promotion of conservalion and minimizing waste, Improvement of water quality,
Control of pollution, Protection of water resources, T'roper watcr techarge measures,
Protection and preservation of cco-systems, Rain water harvesting, Preservation of integrity
of rivers, Ensuring equity-between groups, generations and species, Reduction in women'’s
burden , Giviug voice to women in water planning and management, Minmizing conflicts
and hardships, Provision for resolution and redress, Development of coping strategies in
floods, Minimizing damage in flood, Proper implementation of law and order, Formulation
and effective implementanion of state water policy. By carrying out these in a proper way will

ensure a sustainable livelihood in future’
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STATUS OF WATER QUALITY OF SUBARNAREKHA RIVER AT JAMSHEDPUR (JHARKHAND)

8. R, Pal', Anjall Srivastava®, D. Raha, Sujata Dutta Pandey*, Anita Shukla®, Bijan Bala®,
P. N. Pandey™

1De‘!:ut. of Zaology, 8.P Callege, Jamshedpur
28488048 1o e hedpur Women's College, Jamshedpur
‘Renchl University, Ranchi
E-Mail: satyaranjan _pal@yahoo.com

Abstract
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Weter Is ane of the most unusual natural compounds found on our earih and it is aisa ane of
the most and main component for the survival of any living being since life on earth was Legan in the
seas. Rivers are the most imporant resources in the workd and in India in particular. The rivers are
belng polluted by Indlscriminate dispass! of sewage and many other wasles of huran activities. All
watar bodles ars normally papulsted by oroanism and it s almost impossible to find 2 body of water
that |s entiraly free of iife, Any undesirebia change in the Physico-chemical characteristies of water
brings about water paliution. This change Is mainly dus ta human activity such as rapid urbanizatian
and industrialization coupled with Injudicious exploltations of natural resources. The discharge of
domestic sawage and industrial effluents into natural water resources results primerily In slternation of
thelr physical and chemical properties which in tumn influences adversely ihe biological papulation. The
Subammarekha River ariginates from South of the village Nagri (23"13' N and 85%' E} 15 Kms away an
South West Cormer of Ranchi Town (capital of Jharkhand). The data revealed that 17 parameters of
Subarmarakhs River water gt Jamshedpur. The results indicated that the analysis of physsco-chemical
perameters of the Subarnarekha River at Jamshedpur (Jharkhand) during the Summer (April 2012 &
2013), Monsoon (July 2012 & 2013), Post Maonsoon (Oct. 2012 & 2013) and Winter (Jan. 2012 &
2013). In the present study of the Subamarskha River its physico-chemical characteristies viz
lemperature, transparency, pH, dissalved exygen, biological oxygen demand, conducivity, lotal
dissolved sofids, turbidity, chioride, hardness. frea-C0;. alkalinity, nitrite, nitrate, phosphate, iron and
sulphate

Introduction:

In the |otic systern, the significance af physical and chemical dats for the assessmant of water
quelity has been recognized. The Studies consider waler quality usually involve physical. chamical
and blological vanebles. The Subamarakha River originates fram South of the village Magri {23_."13' L]

Km. long Joumey before Iaining the Bay of Bengal, The Subamarekhg fiows through the thres states
Jharkhand, W.B and Oddlsha, Directiong of the flow of river is from West to East

Jamshedpur (& a fown in East Singhbhum district of Jharkhand. The Jamshedpur town lies on
Northarn and Southem bank of the Subamarekhe River. There are several bething ghats and
somesiic sewage drains from where waste watar reaches the river, The Tata Iron and Stesi Company

Numbers of workers have carisd out thieir work on water quality of different rivers. Khanna
D.R. (1883), Dhindsa and Bhargava (1982) studied the physico-chemical characteristics of river
Chambal, But no study has been canducted fo mssass the water quality of river Subarnarekha at
Jamshadpur.

Materlals and Methods:

In inls shudy, limnolegical status of river Subamarekha at Jamshedpur was observed for a
period of two successive yaars, During the study period a particular mont of the season was selected
for sampiing The study pericd was from April, 2012 1o January, 2014. Physico-chemical
charactsristics of the water samples were detarminad following APHA (1898), Adoni, {1985) and
Galterman {1980). T



Table & Graph:

SEASONAL VARIATION IN PHYSICO-CHEMICAL PAAMETERS AT JAMSHEDPUR

| 0013
)

Post Post
sl Summer | Monsoon Winter | Summer | Monsoon Winter
N Parameters Monsaon . 1 Monsoon Max Min
0
Apr, 12 Jul, 12 Oct, 12 | Jan, 13 | Apr, 13 Jul, 13 Oct, 13 Jan, 14
{A) Physical
Parameters
Water
1 | Temperature 26 25 26 22 27 26 22 22 27 22
°c)
Saceni Trans-
2 32 10.8 325 585 §52.9 10,8 352 600 600 100
parency {em)
{B) Chemlcal
Parameters
3 pH 8.5 7.64 831 825 818 8.14 az21 843 85 764
4 DO (mgil) 122 84 g2 96 142 6.2 82 84 14.4 62
5 BOO (mg/) 68 B 38 45 76 138 49 45 76 36
Conauctivity
B 0236 0.294 0285 0257 0228 0346 0.289 0229 0.346 0228
{msicm)
7 TS (mg/l) 143 98 179 34 173 85 15677 139.08 211.06 176.29 139569 21186 139,08
Turnicity
3] (man) 118 4200 1550 78 104 4500 3000 54 4500 78
mg
Chloride
9 45 54 48 at 39 &6 43 az 66 32
{mg/l}
Tolal
10 Hardness 168 218 188 152 166 224 208 178 224 152
(mg/l)
Free = Co,
11 48 22 14 1.2 14.4 7.2 13 36 14 4 12
(ma/l)
Alkalinity
12 120 138 122 114 130 110- 124 92 138 92
(mg/)
13 Nitrite {mg/1) 0016 0014 0008 0.005 0.007 0,009 0.007 0.005 006 5 005
14 Nitrata {mag/l) 2519 5742 6 348 2636 3541 4 248 3.874 2,754 6.348 2519
Phosphate
15 1174 1.248 1.664 1.248 1.847 2842 1.994 1678 2842 1.174
(mag/l) :
Sulphate
16 45 52 g &80 48 52 40 46 60 38
{mg/l)
17 Iron {mg{1) 0024 0.032 0,041 2015 D0.008 D011 0013 0.041

0.000 |
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Result & Discusslon:

The water samples were collected seasonally from the bathing ghats of Jamshedpur. The
water receives discharge from several drainages of Jamshedpur Town.

This investigation was done during the period from April, 2012 to January, 2014. In this
connection various parameters of water quality ware analyzed following the method sugoested by
APHA (1288). This study Indicated that the temperature range of river water is 22-27°C, transparancy
10.8 - 60.0 cm, pH 784 — 8.5, dissolved oxygen 8.2 - 14.4 mg/l, biological oxygen demand 36 - 7.6
mg/l, conductivity 0.22 — 0.348 malom, total dissaived solids 139.8 — 211,08 mg/l, turbidity 78 — 4500
mg/l, chloride 32 — 66 mg/l, total hardness 152 — 224 mgfl, free CO,1.2 — 13 mg/l, alkalinity 92 — 138
mg/l, nitrite 0,005 — 0.016 mg/, nitrate 2.519 — 6,348 mg/, phosphate 1.174 — 2,842 mgfl, sulphate 38
— 60 mg/l and iron 0.008 = 0.041 mg/l at sampling point.

The fluctuation in water temperature has relationship with the air temperature. Similar
fluctuations are reported by Khanna D R. (1893) Maximum values of the studied parameters were
observed during summer season and shock load of first rain in rainy seasorm except DO and maximum
values of these parameters obtained during winter, while higher values of dissolved oxygen were
observed during rainy period at sampling point which may be due to dilution in rainy period and super
saturation of oxygen at lower ambient temperature and less human activities like bathing / washing
etc, in winter, After winter period as temperature of the environment rises bathing, washing and other

human activities are also increased which gradually deteriorates the water quality of Subarnarekha
, River {(Jamshedpur)



During the study pariod we found that pH variation lies mastly within the afgline range and
toncuctivity values support the fact rver is very productive (Rao 1683). Turbidity and transparency
are also quite favarable of water rangsd between 10.8 and 80.0 om during the course of study and
nad a negative cometation with turbidty Similsr results are reported by Dagaonkar and Saxena
(1992}

The dissolved oxygen ranged from 6.2 to 142 mgh having moderste fluctuation, The
presence of free CO,ls due to incomplate utilzation |n photosynthesis and respiratory activity, Free
CO,and dissolved oxygen showed inverse relationship to one another as similar to Waich 1852
Hutchinson 1857 and Hynes 1970. Chloride was law indicating no arganic pollution in river. Chioride
canceniration was recorded from 32 to 66 mg/l showed & decreasing frend during the study but In the
maathJuly it increased up to a comparatively higher laval,

Chlorice and hamdness showed a positive refationship. Hardness and alkalinity showed

nagatve ralationghip o one ancther and their range are quite favorable for fish life as indicated by
Trivedi of.al. {1986)

Conclusion:

It is the dutes of concerned authorities as well as people of the area to protect such
contaminations and bathing / washing by soaps becsuse Subarnarekha River is the most important
rver of this Industrisl bulld of Jamshedpur Public awareness |s most essential especially for those
who ars respansible to poliute the natural weter quality of fiver Subamarekha.

The values of various parameters obtained in the present study is found to be higher than the

normal permissible limit. Hance the water |= gradually becoming polluted and it is not advisable to use
for drinking purpose unless it s well treated
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Abstruet :[he freshwatér fish fawna of Kharkai River (fharkhand) has been reviewed in respect of the threatened and
endenic freshwater fishes of our countiy, At present furry four species belonging to thirty six genera, filleen families of
freshwater {ishes are known 1o occur in (his civer Tt has heen found that his 1iver conains farty thiee threalened and one
cndeinic [Teshwater fishes of India Since Tor severad reasons a large number of freshwater fishes of owr country has been
desionated as the threatened species | it is therelore, thelr conservation measures should be Immediately adopted to
pretect tien. & number of thcters are tespensibic o the present pesition of the [teshwaler fishes, of our country

causing concern for thenr exislence and swvival Same of the factor we like vverlishing . paslution

delorestalion .

Tiapiar alternanon primarily dee o cepstruction of Jam acioss tvers, itensive aquactliure, competition frum the exotic

epecies cte, Some consen ation mensules have been described in this paper.

IKey words: [reshwater - Fish, Threatened . Endemic. Conseryation

ZNTRODUCTION

Ihe tiver Kharkai originates from Mayurbhanj disuict
ol Orissa near Badampabar region. [t comes [rom plaleau
tand as small narrow canals. then take wide shape gradually
and meet the Subarmarckha river at Domahant (River Mect)
near Sonard, Jamshedpur river tnibutars Khatkai is the main
tributary ol the river Subarnarekha Discharge from many
small and medium scale industries of Jamshedpur ate seen
to flow into Kharkai which empties into Subarmekha at
Domahani, The river spate duting rainy season. [ houses
many kinds of limnofauna One of the most important
group of these limnofauna is the {ishes. The account is of
the fishes of the river are found in the work of Bose of of
icat (1974-76) Mahata & Goral (1976-77) Mishta (1978}
The detall account of fishes found inriver s still wanting
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Phone
L-mail

and therelore a threugh investigation in this aspect is
vequired . Ilowever in the present paper the works of the
above workers have been teviewed as well as also studied
fish resowee places like fisl markets of nearby places of
the river Alist ol vulnerable . endangered | rare and endemic
species of Inclia found in the river Kharkal is prepared for
infurmation and knowledge of all concerned

MATERIALSAND METHODS

The available published licerature on the fishes of
river Kharkai and field study in difTerent fishes resource
places of the river are wade during this investigation
(February 2011-January 2012) to prepare the list of
vulnerable, endangered. vare and endemic species of fishes,
In this tegard opinions of the [isherman, fish catchers
and other rural people who are [ond of fishes are consulted
for the present study,

OBSERVATION

The fish species found in river Kharkal which were
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recorded vulnerable, endangered , rare and endemic species are as listed below:-

Table L: The fish species found in river Kharkai

A) Vulnerable Species :
Name of Species Family
| Gudusa chapra (Ham ) Clupeidue
2. Notopterus notopici us (Palias) Clupeidag
3 Oxvgasier phulo (Ham.) Cvprinidae
4. Bariiius bolu (Ham.} Cyprinidae
5. Barifivs bendelisis (Ham.) ______Eyprinidae
6. Danio acqupinnatus (Mc Clelland) _ Cyprinjdae
7. Chela lahica (Ham ) Cyprinldae
8. Amblvpharyngodon mecroleprs (Bleeker) Cyprinidae
9. Cirrhinus reba(Ham ) Cyprinfdae
10, Garra gotyle gonda {(Grav) Cvprinidae
L1 Garra mullva (Sykes) Cyprinidae
12, Labeo calbast (Ham ) =~ Cyprinidac
13, Laheo gonius (lam) Cyprin|dae
14, Puniius chonchonius (Ham) Cyprinidae
15 Puntius ¢cheda (Ham ) Cyprinidae

| 6 Lepidocephalichthves guntia {(Ham.) Cyprinidae
| 7. Noemacheilus rupicola (_Mc Clellandy Cyprinidae
18, Rife riter (Hams.) Bagridae
19 AMystus vitratus (Bloch) Bagridae
20, Mystue Oar (Ham ) Ba gl_'id_'c}e
21 Mysrus seenghalu (Sykes) Bagridae
22 Alig coilu (Hanw) Schilbeidae
23, Clupisoma garua (Ham) Schilbeidae
24, Pangasius Pangastus (Ham) Pangasidae
25, Bavarius bagarius {Ham ) Sisoridae
26, Clarias batrachus (Linn) Claridae

7. Heteropneusies fossilis (Bloch) Heteropneustidae
28. Channa orienralis (Bloch) Channidae
29. Rhinamugil corsula (Ham,) Mugilidae
30, Anabuas testudineus (Bloch) Anabantidae

e =y

A) Endangered Species:-
Name of Species Family
V. dagnila hengalensiy (Grey) Anguilidae
2. Amphipnous cuchia (Ham) Amphipnelidae
3. Notopterus chitala (Ham)) Notopteridae
4. Barilius bola (Ham)) Cvprinidae
5. Torfor (Ham.) Cyprinidae
6. Torpuntitora (llam.) Cyprinidae
7. Ompok himaculatus (Bloch) - Siluridae
8. Ompak pabda (Ham,) Siluridae
9, Glyptothorax nelsoni (Ganguli ef al) Sisoridae




Srivastava & Singh: Threatened and endemic ichthyofauna of the river Kharkai, Jharkhand with

suggestion {or their conservation

CONSERVATION STATEGIES
The problems of protection and conservation of the

fishes of river Kharkal are very similar to that of other

rivers of the stale Jharkhand as well as of the country

The fish population of this river and fowing water level

alilis day by day decicasing on. Indiscriminate {ishing in

the river, deforestation of lurest an the hanks of both side
of the river and dischaige of elfluerus from various
sources has decreased the fish population of the river,

Considering these [uclors some suggestion for pretection

and conservations of the fishes are [urnished below -

1) Delorestation along the course of the river should
further be aveided because it causes soil Instability
that incteases turbidity of the water bodies 1t also
incleases the temperatute ol the breeding ground as
well as also increases Wic Tood availability of the fishes
Replantation is needed on both sides of the bank of
the river, where vegelation has been destioyed, ro avoid
the soil eroston, o mainlain the clear water and to
maintain the required temperature of the spawning
ground of the fishes as well as sufficient availabilicy
of {ood to fishes

23 Pesticides and agricultwal fertilizers along the water
courses should be used vory carctully, The fisherman
and local people employved in fishing should be ady ised
o use only rapidly degradable wypes of pestcides

2
R

ElMuents [rom industries should be teleased o the
river systems after proper treatment to remove toxic
materials, [t is necessary for flourishing wiowth of
plankions and {o increase oxygen content ol the 1iver’s
water which are very essential for [ish population and
many other limno fauna

4} Indiscriminate harvesting of fishes is another meanse
to the whaole fish population. his should be controlled

or monitored during e spawning period. Immature
species should be protected by banning the use of
very small mesh sized nets so that juveniles are nol
captured

‘The vulnerable, endangered, rare and endemic fishes
should not be captuted while fishing the fishes the
viver for food purposes. The knowledge on the aspecls
should be conveved 1o the fishermen and local people
who usually capture fishes fiom the river for food
and commercial purposes and this could be denc
through public awaireness programme by the state
fishery development concerned
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