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OBJECTIVES

1. 70 establish the spatial and temporal variation of the following factors in the Kali
river during the pre-construction period of Kadra dam and pre - operational period of
the Kaiga Atomic Power Plant.

a. Hydrological parameters

b. Sedimentological parameters

2. To record the composition and distribution of the following biotic elements in the
Kali river during the pre-construction period of Kadra dam and pre-operational period
of the Kaiga Atomic Power Plant.

a. Micro organisms of water and sediment

b. Phyto and Zooplankton

¢. Benthic meio and macro fauna

d. Fish fauna

3. To investigate and define the thermal impact on selected riverine biota, b6y way of

bioassaying on selected riverine species.



INTRODUCTION:

Estuaries are common features of our coastline and have been during the last
several thousands of vears. Because of their abundance, their high primary
productivity, the large population of commercially and recreationally important
species of finfish and shelifish they support, and the varied uses makes them a
very important; sometimes even crucial, role in maintaining a well balanced

ecosystem has been attributed to estuaries.

The term estuary has been defined in many ways, the definition most commonly
used by Oceanographers physical and geological is that an estuary is a semi
enclosed coastal body of water which is freely connected with the ocean and
within which sea water is measurably diluted with freshwater from land runoff. All
present day estuaries are very young geologically and were formed during the
most recent rise in sea level, which began about 15000 years ago and approached
their present position and configuration only within the past few thousand years.
Estuaries reached their peak development in number, size and complexicity
approximaterly 3000 - 5000 years ago when the raise of sea level showed
perceptibly and had reached nearly its present height. Since then, sea level
changes may be due primarily to the subsidence of continental margin under the
increased weight of the added overlying water. According to Bioom (1963), local
sea levels change in estuaries and salt marshes may be controlled by the balance
between isostatic adjustment and build up by sedimentation. This isostatic

adjustment is greater where shelves are wider than narrow.



The life span of an estuary is determined primarily by the stability of relative sea
level - the resultant of local sea level changes and the sedimentation rate. Climate
has also a major effect on the rates of weathering of rocks, on sediment yields,
and sediment inputs to estuaries. Streams that drain farm lands frequently carry

more than 10 times as much sediment as streams that drain equivalent areas of

forest land.

Many estuaries are characterised by fine grained sediments, but the sediments
accumulating in others are dominated by sands. Modern estuarine deposits are

typically high in organic matter but extremely variable.

Estuaries are of the very greatest importance, not only to the survival of the
species aspects, the maintainance of the entire marine ecosystem but also to man.
Of all the organisms which use estuaries, man makes the most varied demands on
them. Man is clearly the most estuarine-dependent organism in the biosphere.
The estuarine zone is inhabitated approximately twice as densely populated as the
rest of the nations. Man uses estuaries fot activities which may be, and indeed
frequently, in conflict. He uses them for their extractable resources, both organic
and inorganic; for shipping and transportation; for military activities; as a transient
receiver for his human and industrial waste; as a source of cooling water for power

plants and uses them for recreational purposes.

The Karnataka state being located on the central west coast of India which
comprises of two coastal districts, namely the Uttara Kannada and Dakshina
Kannada with coastal stretch of about 320 km is known for its rich commercially
important fisheries. ~ The Uttara Kannada district comprises four major

riverine/estuarine systems namely, Kali being the northern most system followed



by Gangavali, Aghanashini and at southern part is the Sharavathi system. Due to
the variations in the topography and current patterns of adjacent sea, these

riverine/estuarine systems differ in their sedimentological texture and floral &

faunal composition.

The river Kali which joins the Arabian sea at Karwar, has a unique feature which is
mainly responsible for varied hydrological, sedimentological and biological nature
all along its axis with a diversified habitats, flora and fauna inhabiting in them.
River kali originates in the western ghats, at a place callied Digga in Supa taluka and
after meandering about 184 km drains into Arabian sea, is on.e of the major fishing
centres in central west coast of India. The fish catches of Karwar bay mostly
comprises of pelagic, semi demersal species which predate on pilankton and
plankton feeding fish, crustaceans etc. The amount of planktons and benthos
available may not have direct and immediate effect on the fishery but
undoubtedly influences indirectly on the fish abundance. The larvae, post larvae
and juveniles of the pelagic and even the demersal fishes depend upon the

planktonic organisms for their nourishment (Pillai, 1968 and Naik et al, 1990).

various hydrological and sedimentological significance found to have an impact
on the life and sustenance of biotic organisms in which they inhabit. Among the
many enviro\'nmental factors which affect the life of intertidal organisms, the
texture of the sediment is of paramount importance. The grain size of the

sediment determines the pore space and the amount of interstitial water and also

the concentration of organic content.

Since the Kali is one of the major estuarine systems of Uttara Kannada coast, which

supports vast varieties of finfishes and shell fishes and other flora & fauna



inhabiting in this biotope, which are in turn influenced by several cumulative
factors in establishing their abundance, distribution over space and time scale.
Hence, the study of hydrological and sedimentological features is very much
necessary as it might not only heip to understand the variation in climatic,
weathering patterns in the adjacent land mass and affects the population but also
throw light on the possible changes in the chemistry and minerology of the

materials that are likely to reach the adjacent seas.

The present study was undertaken with a view to determine the hydrological and
sedimentological parameters and their impact on biotic communities of the Kali
river owing to seasonal fluctuations. In the present investigation an emphasis has
been stressed to study hydro-biological and sedimentological aspects together
with thermal bioassay studies on selected residential species of finfish and shellfish

in and around the proposed coolant water discharge site of Kaiga Nuclear Power

Corporation.

The coastal areas and river banks are often chosen for setting up of power stations
because of the large volume of water readily available for use as condensor
coolant. With the setting up of large multi mega watt electric generating systems,
the ecological impact of waste water from power plants has become an area of
considerable scientific interest. It is well known that an ecosystem has a highly
complex structure and a disturbance in one component leads to a number of
interacting effects. Relatively, the rivers and estuaries are prone to be affected to
a greater extent, due to its confined flow through a narrow valley and lack of
dispersion of effuents of any kind.

Kali river is one of such fragile ecotones) originating in the western ghats and

draining into the Arabian Sea at Karwar, on the central West coast of India. Before



draining into the sea, the river has diversified into productive habitats namely -
the main est\L‘Jari}ne axis, backwaters, mangrove swamps, fringing mangroves,
creeks and Gazhani which are put into various use by the human beings. Besides,
the productive lowlying areas serve as nurseries for the young ones of many
economic fish and shell fish species. The post larvae of these organisms migrate to
the estuaries in search of food and shelter, to be nursed upto adulthood befors

they migrate to the sea. Thus the estuary is responsible for the lucrative marine

fishery of the district of Uttara Kannada.

In this context, it is discernible that any interference with tine natural functioning

of the fragile environment would damau2 the fishery of the area, apart from

causing ecological imbalance.

With this rationale, the present study was initiated , keeping in view the possible
impact of tii> atomic power plant being set up at Kaiga, on the left bank of Kali
river. The immediate significance of the study Would be to establish the pre
operational status of riverine ecosystem. However, the study could extend to
operational period as well. Therefore, the outcome of the research would help to

define the iimpact of the power plant if any on the Kali riverine ecosystem. -

The impact of large power stations, nuclear and thermal on aquatic systems -
freshwater, estuarine or marine has been an area of concern to ecologists for over
more than 3 decadr:s now. Several exhaustive studies have been undertaken in
this area particularly in the United States and Europe. Most of these investigations
were based on the s :atistical comparison between pre operational and operational

situations and between the impact areas and control areas with regard to the

main ecosystemnm components.



Impact of the coolant water on the fauna and flora is of major concern, wherever
the power plant is operational. Keeping this in mind, a series of thermal bioassay
tests have been proposed, the results of which would assist in evaluating the
tolerance limits of various faunal groups, as well as deciding the safe level of

temperature to be monitored in the riverine water.

The outcome of the proposed investigation is expected to reveal the nature of the
riverine ecosystem during the pre operational period of the power plant at Kaiga.
This would assist in finding out, whether the power plant has any impact on the
estuarine ecosystem or not. The thermal bioassay tests on different species of

organisms would assist in deciding the safe level of water temperature for

sustenance of life in the river.



MATERIALS AND METHODS

study Area:

The Kali river which originates in Digga village (915 m above MSL) of Supa taluka of
Uttara Kannada District, after meandering about 184 km drains its water into the
Arabian Sea, in Karwar (Figure A). The river is strengfhened by five tributaries
(Figure B), ex: Pandari, Barchi, Thattihalla, Kaneri and vaki rivers at the upper
stretches of the river Kali. The total catchment area of the river is about 4850 sq
km with a major Lalguli falls, and numerous small falls. Some of the main
townships are flanked on either banks of the river Kali are Karwar, Dandeli,
Ganeshgudi, Ambikanagar etc. Castle Rock, syntheri Rock, Cavel caves, supa dam,
Power houses, reservoirs, Lalguli falls, thick forests of Dandeli, Ansi ghats, and
estuary points are some of the places of tourist interest. West coast paper mill,
indian plywood industry, ferrous alloys, manganese fields, backwater fisheries,
brackishwater aquaculturelime industries, timber and sand are some of the
industries seen around river Kali, Kali river‘has a lowlying area of about 1217 acres
in Kanasgiri, Hottegalli, Hankon, Ssunkeri, Kadwad, Siddar and Wailwada-areas with
more than 20 acres of mangrove area in and around Mavinahole creek, Kanasgiri,
Hottegalli, sunkeri and Kadwad backwaters. The river water is mainly tapped for
irrigation and hydel projects (Figure C) for which several dams are being
constructed on the main axis of the river. A nuclear power plant is coming up at
Kaiga would use thié source for cooling purposes and hence envisage the need for
regular water quality monitoring programme, the productivity of the water and
any drastic variation in water temperature profile so as to have improvement in
the control of scaling in coolant water discharge site in future. At this juncture it
was felt that a constant Studv- of the area for its water quality, water temperature
variation, sediment nature, quality and biological production is essential in order

to assess the periodic changes that may occur. Hence to carry out some ecological



observations in the vicinity of the proposed intake and discharge sites, 12 study
stations (Figure D and Plates 1 to 12) were selected and fixed all along the main axis
of the river (including intake and discharge sites) representing various habitats of
the riverine stretch. Station 1, was taken as the reference site, as it is positioned in

the upper stretches of the river away from the coolant water discharge site.

Stations 1 to 9 are located in the fresh water zones, while stations 10 and 11 in
backwater areas and Station 12 In estuarine zone. Station 1 in the upper reaches
of the river about 65 km away from the estuarine point, is located in the northern
bank of the river. it is freshwater zone devoid of any mangrove floral stretch,
bottom is sandy with small pebbles. Station 2 is also freshwater zone, sediment is
silty clayey, no mangroves and is about 15 km downstream from the Station 1.
Station 3 located on the northern bank of the river, freshwater zone where the
salinity is less than 1ppt even during the period of peak pre-monsoon season. No
mangroves and is about 12 km downstream from the Station 2. The 4th Station is
a freshwater zone located just before the Kadra dam site, bottom is rocky and
sandy, no floral stretch of mangroves and the distance between the Station 4 and
3 i§ about 2 \km. Station 5 is situated on the northern bank of the river and the
distance between station 4 and 5 is about 7 km, the sediment is clayey siity in
dominance. The sixth station is also located in freshwater area with a bottom of
silty mud with little percentage of sand and is approximately 7 km from the
Station 5. Both the Stations 7 and 8 are located in the freshwater zone,the former
one on northern bank while the latter on s?uthern bank of the river Kali. A sparse
mangrove floral growth can be seen in these study sites. The bottom is muddy,
wetland and comparatively shallow. Ninth station is fixed on the southern bank
of the river, some species of mangroves are distributed all along, bottom

sediment is silty-clayey in nature and is a tidal mixing area. The next sampling site



(#10) is an intermixing wetland area with a sandy bottom and about 4-6 species of
mangroves are found in this area. Station 11 is located on the southern bank of
the river and are of the most productive areas with respect to fish and shellfish
resources. The sampling station was fixed at mangrove sites where a rich flora of
mangroves existing. It is a backwater area, bottom is muddy entrapped with a rich
amount of nutrient saits. Twelth (#12) station is fixed in the estuarine habitat,
sediment dominated by sand and sparse stretches of selected species of
mangroves are existing. A wide fluctuation of abiotic factors have been noticed in

this sampling site during the present study period .

Field study:

During the study tenure ( three yéars), diurnal samplings were made from stations
2,3,4 & 5 and monthly coliections from 12 study sites were undertaken from
September, 1992 to August, 1995 to collect water, sediment and biotic samples. A
van was made use of for collection purpose, which was equipped with aill sampling
devices, sample coliections and storage facilities. At certain study locales, the river
is relatively deep and wide, and a suitable boat was hired for sampling purposes.

The position of the sampling sites is given in the Figure D.

Analysis of the parameters:

The samples for the present study were collected from the twelve different sites
to analyse various abiotic factors such as hydrological ahd sedimentological
parameters which would subsequently help in understanding the water quality
and substrate suitability for biotic organisms. Water temperature,
salinity,diss?lved oxygen, ph , suspended load (matter, VEC (vVertical extinction
coefficient) and nutrients such as the Phosphate-phosphorus, Nitrite-nitrogen,

nitrate-nitrogen and Silicate-silicon were the major parameters studied under the
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hydrography. The sedimentological parameters studied were of soil temperature,
pH, organic carbon, organic matter, proportions of sand, silt and clay fractions.
Temperature and dissolved oxygen contents were measured in situ. Water
temperature was recorded by using the portable STD meter and the readings were
further confirmed by using the ordinary thermometer. Dissolved oxygen content
in water was estimated using the winkier's method (USEPA, 1983). Water pH was
measured electrometrically using glass calomel electrodes (Systronics mode)) .
suspended matter was determined by filtering 1 litre of the water sample
through pre-weighed millipore (0.45 um) filter paper. The seechi disc was used to
determine the penetration of the sunlight in vertical column of water, while the
VEC was calculated from the seechi disc readings by applying an equation of Atkins
and Poole (1929). The concentration of nutrients such as phosphates, nitrites,
nitrates and silicates were nfeasured spectrophotometrically. Phosphate was
determined by the formation of blue coloured antimony phospho molybdate
complex (USEPA, 1983). while nitrite was determined by diazotisation of
sulphanilamide and nitrate under acid conditions in presence of
N-(1-naphthyh-ethylenediamine dichloride to form reddish-purple colour and
nitrate was reduced to nitrite by passing the water sample through glass column
containing granulated copper cadmium and the amount of nitrite was determined
following the earlier methods (USEPA, 1983). Dissolved silica was analysed after
acidification with oxalic acid and further reaction with molybdate which
eventually reduced silica to intensely coloured silico-molybdenum blue (APHA,
AWWA, WPCF, 1987) . The hydrological parameters were analysed as per the

methods given in the Estuarine Biological methods (Ramrao et al, 1986).
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Sediment samples were collected by using the Petersen's grab from the study
sites. As soon as sediment sample was taken from the river bed, its temperature
was recorded by using the ordinary thermometer at the site of the collection.
sediments collected were brought to the laboratory and the hydrogen ion
concentration (pH), organic matter, organic carbon content in the sediment were
estimated by following standard methods (Holme and Mcintyre, 1971). The
percentage composition of sand, silt and clay was determined by wet sieving the
sediments followed by the pipette analysis (Holme and Mcintyre,1971). The resuits
were plotted on triangle diagrams (Eltringham ,1971; Holme Mcintyre ,1971) and
the sediment texture was obtained.

Plankton samples were collected from surface horizontal haul by operating the
standard plankton net with a flow meter attached having a 35 cm diameter
galvanized iron mouth ring followed by the nylon net having the mesh size of
0.069 mm and was towed with a constant speed of boat ( 1 knot) for a duration of
5 minutes. The samples were preserved in 5% borax buffered formalin for further
analysis. The sample was then divided into' two equal portions by using Folsom's
plankton splitter for quantitative and qualitative analysis of both phyto and
zooplankton. After diluting the sample to known volume an aliquot of 1 ml sub
sample was transferred to Sedgewick's rafter plankton counting chamber and the
phytoplankton were identified and quantified.. Similarly, triplicate sub sampies
were anglysed and a mean was calculated. The total number of plankton in the
sample was expressed as number of cells per cubic meter of water. The
phytoplanktons were identified by referring the earlier reports (Subrahmaniyan,
1947,1971; Scott and Prescot, 1961). The other half portion of the main sample
was used for the analysis of guantitative and qualitative purposes of zooplankton.

After diluting the sample to a known volume, an aliquot of 1 ml sub sample was
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transferred to Sedgewick's rafter plankton éounting chamber and zoopiankton
were identified and quantified. The total number of organisms in the sample
were estimated and the resuits were expressed as number of orgarisms per cubic
meter of water (No/m3) respectively. The biomass of the plankton (displacement

volume method) was determined by following the method as described by

Wickstead, (1965).

Diurnal variation :

Diurnal samples were collected from four fixed stations, of which two stations
were located in the upper Kadra reservoir (#2 & 3) and the remaining two (#4 & 5)
in the middie reaches of the river Kali for the analysis of hydrographical
parameters (temperature, dissolved oxygen, pH and suspended matter ) in
different seasons. Samples were taken at every four hour interval with a haif an
hour gap between each stations starting from 10.00 a.m onwards over a 24 hours
duration . To know about the diurnal variations in each of the season, sampling
was carried out during post, pre and south west monsoon season. The sampling
was carried oht and analysed as per the standard methods. Surface zooplankton
samples were collected from four fixed stations (#2,3,4 & 5) located in the upper
and middle reaches of the river. The zooplankton sampling was done with a
standard plankton net. The zooplankton samples were preserved and analysed as
per the standard procedure. The water samples were also collected for

determination of temperature, salinity, dissolved oxygen and pH parameters.

The benthic organisms were collected along with the sediment with the help of a
modified Petersen's grab (area covered 1020 cm? and biting depth of 15 cm) from
the respective study sites. As soon as the grab was hauled up, the content was

transferred to a plastic trough after careful observation and making sure that the
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sediment sample was undisturbed, a core sample was taken from the center of the
main sample and later transferred to a plastic container and preserved in the rose
bengal solution (a preservative prepared in the buffered sea water with 5%
formalin) for further qualitative and quantitative analysis of benthic organisms In

the laboratory. The samples were sieved using the filtered seawater and the

organisms being collected on the 500p mesh size of the sieve were treated as the
macrobenthos whereas the organisms collected between 62u to 500u mesh size
were considered as meiobenthos respectively (Holme & Mcintyre, 1971). Both meio

and macrobenthos were identified upto the taxa level and the biomass was

determined with the help of electro-micro balance.

Collection and analysis of finfish and shelifish:

A drag nét was used for collection of fin and shell fishes from the study sites. The
length of the net is about 14 ft with a width of 35 ft is rigged with thermocol float
and sinkers at the respective top and bottom salvages. Two bamboo poles have
been tied on both sides to facilitate dragging the net. Mesh size of the net was
5mm and was dragged for about a period of 5 minutes. Cast nets were also used
for collecting the fishes. The fishes coliected from the sampling sites were washed
thoroughly in clean water and transferred to the bottle containing 5% formalin
and were further identified and analysed in the laboratory. The wet weight of the

fishes were noted dOWI’\ and morphometric studies were made and the fishes

were identified upto species level.
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Microbiological analysis:

Sampling of water and sediment:

Water sample was collected in the pre-sterilized sampling bottles avoiding the air
contamination, while the sediment sample was collected by using the Petersen’s
grab. The upper layer of the sediment was transferred to the sterilized steel
container with the help of the sterilized spatula (Coiwell et al, 1982). Later the
samples were brought to the laboratory as early as possible for further analysis.
This is because the number of bacteria in the water sample change rapidly after

coliection, an initial decrease in the number being followed by the rapid increase

(ZoBell, 1946).

Selection of the media:

The media was kept ready before the colliection of the sampie and the choice of
the media was done depending upon the nature of the sample. As the study was
done in the riverine and brackish water area, the media selected for total plate

count was the "Tryptone-Beef extract agar media". The ingredients of the media

was as follows:

Tryptone 509

Beef extract 259
Clucose 109

sodium chloride 65 g
Agar agar 150 g
Distilled water 1000 mi

The pH was adjusted to 7.0 ( + 0.1)
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The media principally used for growth of the coliform is McKonkey agar (Strasdine

& Lyn Dubstz, 1974) and ingredients of the media is given below:

peptone 200 g
Lactose 100 g

Bile salt 509

Sodium chloride 5049
Neutralred 0.075¢9
Agaragar 1209
Distilled water 1000 ml

The pH was adjusted to 7.4

Preparation of the media:

The ingredients of the media was mixed with distilled water and the mixture was
brought siowly to boiling point by heating. Thus all the ingredients were mixed
properly. As the Mckonkey agar media was ready mixed powder, 52 g of the

powder was added in the 100 mi distilled water and boiled slowly to mix well.

§terilization of glassware and media:

it is well known that all the material, the media diluting liquids, glasswares and
other equipments are themselves contaminated by bacteria that is why
sterilization is most necessary in the study of microbiology. The sterilization is
done to keep the equipment free from the external contamination. The
glassware, steel containers, spatula, etc were sterilized in the hot air oven where
the temperature was kept at 160 - 170 degree celcius. At this temperature, the
glasswares were kept for not more than Mo hours . The sterilization of media and

the diluting liquid was done in the autoclave where the temperature and the
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pressure were adjusted to 121 degree celcius and 15 Ib respectively. The time

interval needed for sterilization was 15 - 20 minutes (Rodina, 1972).

Method of estimation:

An estimation of total bacterial load and colliform were done indirectlv'by using
pour plate technigue. As the number of bacteria occurring in the nature is in very
large quantity, it is very difficuit to count it directly . Thus to overcome such
difficulties the dilution technique was followed as described by Rheinheimer
(1977). While preparing dilutions, the sample bottle was agitated vigorously and
the dilution series were prepared by adding 1 ml of water sample in 9 ml of
distilled water. The number of bacteria per mi has now been diluted to 1/10 =

10, This step was repeated with each new sterilized pipettes. Thus five series of

dilution was considered for the study.

Pouring plate tecnnique:

From the above dilution series 1 ml of sample from each dilution was poured into
the plates. The required amount of media was melted in the boiling water bath.
This melted media was poured into the plate after flame sterilizing the edge of
“the container and allowed to solidify (Buck et al, 1977). The plates were then
incubated in the inverted position upto 24 X 48 hours at room temperature, After
48 hours, the plates having colonies of 32 - 300 were selected for counting. These
plates were placed on the colony counter for counting purpose. The number of

colony per ml was calculated by the following equation:

Colonies counted
TPC/M! =

Dilution factor
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For sediment analysis, a known weight (1 @) of sediment was taken in 100 ml of
sterilized distilled water and mixed thoroughly and dilution series were prepared
as stated above. Further analysis was done as that of water sample. For the
analysis of Coliform the dilution series were not prepared and the number was

expressed as the number per 100 mi (No/100 mi).

Preparation of pure culture:
Determination of morphological & physiological characteristics of bacteria is
possibie only after the preparation of pure cuiture i.e, the population of only one

species. The bacteria are isolated on the pure cuiture either on the solid agar slant

or on the petridishes.

In the sterilised test tubes, meited agar media was poured and it was kept in the
slanted position. When the media solidifies, a small portion of the colony was
carefully removed with a sterile platinum loop and a streak over the slant. In case
of petriplates also, the same way of streaking was done. Then it was incubated for
about 24 - 48 hours. This gives the pure culture of bacteria which was used for

further analysis such as identifying whether they are gram negative or gram

positive.

Gram staining of bacteria:

Gram staining can be used to identify different gram negative and gram positive
bacteria, which is actually the basis of the artificial classification of bacteria. Most
useful differential staining procedure of gram involves the staining of given
bacterium with crystal violet solution, followed by gram iodine solution and then
washing with alcohol. Under aseptic condition, the culture loop was transferred on

the slide and dried over the low flame i.e,'heat fixing'. The dried cuiture was
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covered with 2-3 drops of crystal violet and allowed to stand for 30 seconds. The
slide was then washed with distilled water till no stain comes out. Then it was
covered with 2-3 drops of gram iodine and again allowed to stand for 30 seconds.

Washed with water to remove excess of stain and a few drops of alcohol was

added.

In case of gram +ve bacteria, saffranin has no effect and the culture shows violet
colour under the microscope. But, if the culture is gram -ve, addition of saffranin

and washing away the excess stain retains the pinkish colour,



T

o (?A

MAHAR A'SHnggg,srq

? . INDIA_J

- L/
“
R
GOA % A
0
~a. / i
KARWAR @&/ o]
M-

ARABIAN SEA P37  SHIMOGA ]

74° 75° 76°

P AU

PR S ——— —

Figure A. Map showing the location of Uttara Kannada district and its

four riverine sytems joining the Arabian Sea.




Ramnagar e

Pandri river

» Ganeshqgudi
(o]
Diggi
L. o \
Q,f/. \{\'&(\
Anashi e
\ .Kadra codealli
\R e o Kodsalli
K {:{5’-‘«4?",.’ - . Kaiga

ARABIAN . .

* Haliyal

Tattihalla R.

-

Figure B. Map of Kali river - its origin and tributaries.




1 Staqge?d ‘

NagJhari PH. 810 MW (6X135MW)
Supa (G'qudi) PH.100MW (-2X50MW)
Ramnagar

1 Stages ‘ -
- ' Castlerock e
Kodsalli PH. 120 MW (3X40MW )

Kadra PH.165 MW (3X 55 MW)
Dandeli PH. 50MW ( 2X 25 MW)*

e Pandri R.

Supa Resv.

» Haliyal

Ganeshgudi

AR~
2

Diggi @~

il Stage 3 Tattihal Resv.

Kaneri:PH. 110 MW ( 2X55MW)

| Subme rged area

- Kodsalll Proposed
=) submerged area

KALI RIVER,
&5 ® Kaiga

ARABZIAN
SEA

ad}
B
#
I

Fiure C. Kalinadi and the hydro-electric projects.



[—

M ZYHEI Y

r———
——

Sampling Sites:
# 1 : Kodsalli # S: Hotegali # 9 : siddar
# 2 : Devkar # 6 : Balni #10 : Kinnar
# 3 : Marad # 7 : Halga #11 : sunkeri
# 4 : Kadra # 8 : Kherwadi #12 3 Kodibag 4#
Fig, D. Map showing the location of study sites
along the river KALI. _;j




&) S

St.2

o

4 «
i e

Sk



- L e







St.7







St.11

B
R aa e o




19
RESULTS AND DISCUSSION

Hydrography:

The hydrological parameters were analysed as per the methods given in the
Estuarine Biological Methods (Ramrao et al, 1986). It is well known that the
hydrographical parameters play an important roie in the sustenance of the
organisms in nature providing food to the higher levels in the food chain. As
these factors ultimately control the processes taking place in the biotic
environment, the abiotic influence is felt throughout the biological organization
starting from protoplasm through community and ecosystem. Either it is in a
biotope like mangrove swamp or a ecotone like estarine complex, in all these
system biological processes of both autotropic and heterotropic components are
under the great influence of these hydrological characters. These biotic influence
is felt right from the primary producers through the different components of the
intricate food pyramid affecting the abundance and production at varying
degrees. The influence of these environmental entities found to influence the
biotic components both spatially and temporally which uitimately decide either
the sustenence and propagation or ecologica!l disaster which underlines the need
to study the environmental parameters in depth. Hence, keeping these points in
view, a comprehensive study was made at twelve different study sites in the river

Kali for a period of three years from September, 1992 to August, 1995,

Wwater temperature:

It is one among the most important abiotic parameters controliing the survivai of
the living components of an aguatic medium comprising the flora and fauna. It is
absolutely necessary for the synthesis of food in the case of plants and for the

biochemical as well as reproductive functions of animals. Although it is considered
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that the thermal structure of the estuarine waters are controlled fundamentally
by the temperature of the sea and run off water, it holds good only for the

estuarine systems which are short and have little development of sand and

mudflats (Day, 1950).

The difference in the temperature values between the stations located at Kali river
was primarily due to different timings at which the parameter was recorded.
However, there was marked difference between the seasons. in general, all the
study sites recorded higher temperature values during the pre-monsoon period
with a rahge of 25.3 - 30.79C, whereas the lower range was observed during the
monsoon period (23.69C - 29.50C) with a fall in temperature during pre monsoon
to south west monsoon. Hence a variation of 5.4 0C and 5.9 Oc in temperature was
noticed during the pre monsoon and monsoon seasosns. However, during the
three year period of study (September, 1992 to August, 1995), the yearly average
water temperature varied comparatively less recording 25.86 - 29.160 C (Table 1

and Figure 1); 26.63 - 28.810 C (Table 11 and Figure 11); 27.18 - 29.20° C (Table 21 and

Figure 21) respectively.

A two way analysis of variance for temperature (Table 21A) between the seasons
and stations found to be significant at 0.5% level in the former and an insignifant
relation in the case of latter. it shows that the variance in the occurence of

temperature can be quite significant in an area likely to be prone to

anthropogenic activities.

Salinity:

Salinity is one of the most significant parameters whose effect is much felt on

stenohaline forms. It is known that salinity not only has influence on the
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physiological behaviour of estuarine organisms but also controis the abundance,
distribution and dispersion of planktonic ,benthic and nektonic forms. During the
present study the hypersaline tidal water effect was observed from Station 8 to
12, with a salinity range of 20 - 35 ppt. Obviously the highest values were recorded
in the stations which are in the close vicinity of river mouth (Figure A). It is quite
evident from the resuits (Tables 2,12 & 22 ) that the salinity was a highly
dependable parameter on the precipitation and land drainage during southwest
monsoon period. The hypersaline condition was observed in the stations which are
located in the vicinity of the estaurine mouth and during the monsoon period
even the stations 11 and 12 which were proximal to estuarine mouth had
experienced low saline conditions. During tﬁe present study, the hypersaline tidal
water effect was -noticed at stations 11 and 12 with a range of 24.8 - 34.7 ppt
during the pre monsoon and 3.26 - 23.24 ppt during monsoon season. During this
monsoon period the stations (9 to 12) located in the lower reaches of the river
have experienced the lowest saline conditions. In general, the salinity tends to
decline with increasing distance from the estuarine mouth. It is evident from the
results that (Figure 2, 12 & 22), the salinity structure of Kali riverine system is
altogether under the total influence of variations in the amount of runoff from
land and precipitation received during monsoon period. Among the three seasons,
a maximum salinity in riverine water was recorded during the pre monsoon and
minimum in south west monsoon, while a moderate salinity regime was
established during the post monsoon season from all the study sites, As salinity is a
dependent parameter mainly on temperature other than the factors mentioned
above, any fluctuation in the radiation reflects in the variation of salinity regime,

moreso during the pre and post monsoon seasons.



Dissoived Oxygen:

The parameter studied was quite appreciable which never recorded below 2 ml/|
and the values of the parameter showed 100% oxygen saturation. It has been
established that under natural conditions, the running waters typically contain a
relatively high concentration of dissolved oxygen tending towards saturation. It is
surmised from the tables 3,13 & 23 that the concentration of dissoived oxygen
was considerably varied in all study sites during the three seasons and among
these seasons, the higher content of dissolved oxygen was recorded during south
west monsoon and low during pre and post monsoon seasons. Stations located at
upstream have experienced a moderately higher oxygen content and it was also
noticed that none of the sampling sites were designated as oxygen depleted ones
and saturation of this indicates an ideal condition to carry out the biological
processes in the water body. it is clear from the illustrations (Figures 3,13 & 23) that
the oxygen content remained well above 4.5 ml/!l irrespectve of the seasons. The
monsoonal periods (June to September) recorded the highest concentration (5.0 -
6.5 ml/l) followed by the post monsoon (4.5 - 5.5 mi/l) and pre monsoon 4.2 - 5.2
mi/l). The lowering of temperature and salinity during the south West monsoon are
the main factors attributing to the super saturation in the oxygen content as a
consequence of high precipitation during the period of monsoon which also
coincides with a low production rate of phytoplankton and other biotic
components. It is also clear from the table - 23A, that the oxygen content varied
considerably between the stations and the variation is found to be statistically
significant.‘However, there was a marked significant variation in the occurrence of
oxygen between the months owing to the seasonsal effect both physical and
biological. As shown in the figures 3, 13 & 23, the oxygen values showed a similar
trend in all the stations. The lower values at stations 9 to 12, were due to

hypersaline water influx. The autotrophs i.e, primarily phytoplankton would
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contrib‘ute to the variations in the oxygen levels as they produce oxygen during
carbon assimilation which resulted in a wide variation recorded in different
stations and during different seasons with a range of 4.5 mi/i to 7.5 ml/i.

It can be seen that the oxygen content (Table 23A) varied significantly both
between the stations and seasons at 1% and 5% levels respectively. But, there
was a marked significance in the occurrence of oxygen between the seasons

owing much to the seasonal effects, both physical and chemical.

bH:

pH of a water body is a factor giving an idea about the amount of precipitation
and solubility of different saits dissolved in water. The pH varied between 7.26 and
8.31 during the three seasons (Tables 4,14 & 24) and there was no marked variation
noticed between the seasons but a slight osciilation was recorded between the
stations. Nevertheless, lower values during monsoon and moderately high values
during pre and post monsoon. were discernible in all the study sites. It was
reported that, a range of 6.7 - 9.2 (Perkins, 1976) is an indication of normal and
unpolluted conditions of coastal waters. An alkaline range (Figures 4,14 & 24)
throughout the Kali river may be a clear indication that these sampling sites are

totally devoid of any sort of pollution.

Statistically pH varied significantly (Table 24A) only between the seasons and the
values between the stations was found to be insignificant. The pH remained
alkaline throughout the study period and the analysis shows that it varied very

littie between the stations implying of a pure and normal condition of water.



suspended load:

An amount of suspended load in water body is of paramount importance as it
affects the primary production by way of obstructing light penetration so
essential in the food preparation and also as a source of diet in the form of
organic matter, for entour of the filter feeding organisms. Hence, the availability
of suspended load in a balanced degree is known to enhance the fertility of water
bodies. An upwelling phenomenon in the west coast during the monsoon season
and land drainage foliowing incessant rain are the main factors responsible for
enhanced levels of suspended load in the Kali esturary. Consequently the
upstream stations (#1,2,& 3) and those with closer proximity to the estuarine
mouth (#11 & 12) recorded high concentration of suspended load during the
monsoon season. A maximum load of 1.99 g/l at station 12 and a minimum of 0.02
g/l at station 7 during the south west monsoon in the months of June and
September was recorded respectively (Table 515 & 25). During the three
conspicous seasons, the suspended load varied considerably with a low suspended
matter during post monsoon and high during south west monsoon (Figures 5, 15
& 25) with a moderate values in pre monsoon season. The suspended load varied
between 0.02 g/l to 1.62 g/l during the period September, 1992 to August 1993;
0.02 g/l to 1.99 g/i during the same period of 1993 - 1994 whereas during the period
of 1994 - 1995 it varied between 0.32 g/l and 1.88 g/l. In general, it is observed that
the suspended load showed a gradual increasing trend from upper reaches to

lower reaches of the river with a concomitant vyearly increase in the average

values.

An analysis of variance (Table 25A) vaiidates the above observed general trend. The

values for suspended load varied significantly over the seasons at 5% level which
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undoubtedly is a consequence of land drainage following precipitation, mixing

and incursion of turbid coastal waters.

Vertical Extinction Coefficient:

It is a derived: parameter which depends upon the depth of light penetration and
the amount of suspended matter in the water column. It is a point of light
attenuation which found to be minimum during the monsoon and maximum
during the post monsoon season. The VEC values ranged between 0.03 to 0.77
during the first year; 0.12 to 0.83 during the second year and 0..08 to 0.24 during
the third year of the study period (Tables 6, 16 & 26). It is deduced from the figures
6,16 & 26 that the values for VEC during the three year period of study inversely
corresponds with the values obtained for the suspended matter in all the stations.
The values for VEC varied significantly (Table 26A) both over the seasons and
between the stations at 1% and 5% levels respectively which is undoubtedly is a

consequence of land drainage following precipitation, mixing and incursion of

turbid coastal waters.

Nutrients:

Nutrients play an important role in the life of plants and animais for their
development and also as an important éonstituent of body fluids. in the present
study nutrients have exhibited a marked seasonal variation among the different
constituents namely phosphate - phosphorus; nitrate - nitrogen; nitrite - nitrogen
and silicate - silicon. The nutrients have showed marked seasonal and temporal
variations during the tenure of observation.

Phosphate-Phosphorus:

A close examination of the results reveal that concentration of Pog-P at stations

located at the upper reaches of the river is higher than at the stations of



downstream of the river Kali. The concentration of Pog-P during the post monsoon
was found to be high as compared to the other two seasons with the stations at
upper (# 1 - 5\) and lower reaches (# 9 - 12) of the river accounting for an elevated
values (Tables 7,17 & 27). The figures 7,17 & 27 reveal a gradual tendency of

decrease in the values from post monsoon through pre monsoons to south west

monsoon seasons. Temporally it varied from 0.05 - 7.40 pg at /l; 0.72 - 2.43 pg at/l
and 1.16 - 9.81 ng at/l respectively during the three year period of study.

There is a significant variation in the values of Phosphate - P both over the seasons

and between the stations at 1% level (Table 27A).

Nitrate-Nitrogen:

Nitrate -nitrogen recorded the highest values during south west monsoon
followed closely by pre and post monsoon seasons during the first two years of
study whereas a reverse trend is discernible in the third year of study period
(Figures 8,18 & 28). There was not much difference in the concentration of this

nutrient salt at diffrent stations both during the pre monsoon and monsoon

seasons. A minimum and maximum concentration of 0.04 - 2.88 pg at/l; 0.24 - 2.89
pg at/l and 2.90 - 12.35 pg at/l respectively were recorded during the three year
tenure of study (Tables 8,18 & 28). It is clear from the figures that a more or less
uniform distribution of nitrate - nitrogen was noticed in all the study sites during
the respective seasons. However, statistically it is found to vary significantiy both

between the stations as well as over the seasons (Table 28A) at 1% significance.

Nitrite - nitrogen:
The lower reaches of the river recorded comparatively {ess of nitrite-nitrogen than

the stations in the upper regions of the river (Figures 9,19 & 29) with a range of

0.04 - 2.71 pg atl and 0.6 - 1.69 ng at/l during the two year period of 1992 - 1994
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whereas higher values were recorded during the third year with values ranging
0.11 - 1.38 pg avl (Figure 29). It is surmised from the tables 9,19 & 29 that the
nitrite value didnot vary much between the stations whereas a significant .

variation was noticed between the seasons (Table 29A) at 5% level.

Silicate-silicon:

During the present study period it was quite evident that the silicate content was
comparatively more in the upper reaches of the river and the vaiues showed
decreasing trend towards the lower reaches of the river (Tables 10,20 &30). It is also
evident from the figures 10,20 & 30 that the maximum concentration recorded in
all the study sampling sites was during the south west monsoon period. However,
more or less a uniform trend was established between the stations during the
three seasons. Similar to the significant variation in the availability of other
nhutrients, silicate-silicon too found to vary significantly at 5% level only over the

seasonss and varied insignificantly between the stations which can be seen from

the table 30A. '

Thus it is clear from the tables 27A to 30A, the significant variation in the
availability of different
constituents of nutrients not oniy over the months but also between the stations

which definitely contributes much to the sustained ecological continuance of

organisms at different biotopes of the river.

Sedimentology:
The study of the sediment along with the hydrography is equally important and

also essential in understanding the principles operative in any ecosystem.

Sediment characteristics play an important role in the survival, growth and



sustenance of the organisms harbouring therein and hence attain much
importance in.its study over a period of time and space. Sediment also plays an
important roie in the storage and release of nutrients into the water column, the
mineralisation of organic bottom deposits by various kinds of microbes aiso
provides a two dimensional substrate to sustain benthic life and not to mention of
its importance as 'bed’ for the growth of algal pasture in shallow area. In all, soil
characters either directly or indirectly reflect the productivity of the system as a

whole through parameters such as texture, compaosition, organic matter, etc.

It is known that a whole set of benthic organisms depend directly or indirectly on
the nature and texture of bottom sediments in which they live in or on. The
organisms which live wholly within the sediments belong to the former category
and those organisms which depend on the sediments only for the purpose of
support to the latter. Whether the correlation or association is direct or indirect,
it is beyond doubt that the distribution and abundance of these organisms owe
much to the characteristics of sediments such as temperature, pH,organic matter

and sediment texture.

The temperature of the sediment, its pH, the availability of organic matter and
texture is a determinant factor for the survival, growth and propagation of the
benthic o'rganisms, especially infauna in an aquatic environment. Thus, it is
important to study these parameters which ultimately decides the sustenance of
the benthic flora and fauna. It is td be remembered that any change in the
interactions of the various factors such as period of time likely to bring about a
substantial shift in the sediment characteristics ultimately dislodging the
organisms harbouring therein. Thus it is important to study the temperature

variations as it affects the biological processes such as feeding, metabolism,
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growth etc. It not only controls the chemical reactions of living organisms but also
controls the quality of water which is the primary source of all organic production.

Hence, a sudden change in water or sediment temperature often bring about
mass Mortality of flora and fauna in certain regions.

Sediment temperature:

Sediment temperature recorded in the different stations found to closely follow
the variation in water temperature . The range in temperature varied between
26.0 June) - 30.840 C (May) in 1992- 1993; 24.80 (December) - 31.400C (April) during
1993- 94 and 24.10 (December) - 29.900C (May) in 1994 - 95. The variation in
temperature (tables 31, 39 & 47) within the stations in each of the seasons largely
owes to the difference in the time of the sampling rather than the actual
prevalence. Generally the monsoonal months (Figures 31, 39 & 47) recorded low
temperature followed by post and pre monsoon season following the pattern of
variation in water temperature. The annual mean values during the three year
period of study ranged from 26.27 O C (#2) - 28.58 O C (#3); 26.189C (#1) - 28.65°C
(#12) and 26.340C (#1) - 27.679C (#11) respectively.

Statistically the sediment temperature found to be not varying significantly

neither over the seasons nor between the stations (Table 47A).

sediment pH:

Although the sediment remained alkaline throughout the study period,
considerable degree of variation was observed between the stations during the
monsoon and post monsoon seasons. During the pre monsoon , however, the ph
found unchanged between 7.0 - 7.5. During the third year (1994-95) of the study
period pH was found to fluctuate widely but was within the alkaline zone (Figures

32, 40 & 48). Tables 32, 40 & 48 gives an account of the variation in ph during the
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different months which ranged from 6.31 (September) - 8.87 (July) in 1992 - 93; 6.81
(December) - 8.81 (october) during 1993 -94 and 7.0 (November) - 8.45 (October) in
1994 -95 . At the same time, the annual average ranged from 7.62 - 8.31; 7.18 - 7.80

and 7.35 - 7.80 for the three years respectively.

Sediment pH too did not show any significance in its occurence both over the

seasons and between the stations (Table 48A).

sediment Organic matter:

Downstream stations (# 8 to 12) showed more of sediment organic matter during
the post monsoon and monsoon seasons (Figures 33, 41 & 49) than the upstreanﬁ
stations. In fact few of the stations, viz., # 4, 5, 8, 11 & 12 recorded more than
4.0% of organic matter and proportionally higher values for organic carbon
(Figures 34, 42 & 50). Stations having higher percentage of sand composition

exhibited less percentage of organic matter and vice versa.

The percentage of organic matter (Tables 33, 41 & 49) during different months
ranged from 0.57 (Augush) - 6.65 (May); 2.17 (April) - 4.91 (May) and 2.02 (October) -
5.0 (August) respectively during the three year period of research study. The
annual averages were found to fluctuate from 2.60 (1) - 5.10 (4 8) ; 2.71(# 1) - 4.63 (#
8) and 2.81 (# 1) - 413 (# 8 respectively during the three years.

Statistically sediment organic matter too did not show any singificance in its

occurrence contrary to the expectation of significant variation over the seasons

(Table 49A). |

sediment organic carbon:

Sediment organic carbon did not vary much within the stations and seasons but

showed elevated percentages during the monsoon season especially in the



downstream stations. Monthwise it varied (Tables 34, 42 & 50) from 0.48 (April) -
3.92% (May) during 1992 -93; 1.26 (October) - 2.85% (September) during 1993 -94 and
1.10 (September) - 3.85% (November) during the third year of study. Figures 34, 42
& 50 clearly show the percentage variation of this important parameter during
differrent months of the year and at stations which is indirectly linked with the
fertility of any water body so much vital for the organisms to sustain themselves.
Sediment organic carbon also found not' to vary significantly both over the
seasons and between the stations (Table 50A) as the results obtained for other

sediment parameters discussed above.

Sediment moisture:

The degree of sediment moisture depends upon the percentage proportion of
sand , silt and clay materials. The finer fractions of the sediment such as silt and
clay can retain more of water than the coarser fractions of the sediment resuiting
in high percentage of moisture content. The downstream stations (# 7 to 12)
showed more percentage (>40%) of sediment moisture in each of the year than

the rest of the upstream stations (# 1 to 6) recording <35 percent (Figures 35, 43 &

51).

The monthly maximum and minimum percentage of sediment moisture recorded
in each of the year were 11.50 (May) - 48.10% (January); 10.20 (May) - 42.50%
(November) and 11.10 (May) - 42.0% (June) respectively. Tables 35, 43 and 51 show
the variation in percentage of sediment moisture during different months and
annual percentage during the three year period in each of the stations. Annually
it varied from 12.28 (#1) - 40.68% (#8) ; 12.18 (#1) - 40.48% (8) and 12.80 (#1) - 39.57%

(#7) during the three year period of september,1992 to August,1995.
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Sand:

The percentage composition of sand in differrent stations during the three year
period of study can be seen in the tables 36, 44 & 52 and it is surmised that the
bottom remained more or less sandy throughout the year in all the stations except
at # 7, 8 & 9 particularly during the months of March, April and May. Maximum
percentage of 91.20% (September) was observed at # 12 and minimum of 16.59%
(August) at # 2 during 1992 - 93; 82.5% (March) at # 4 & 19.45% (May) during the year
1993 - 94 and 81.8% (September) at # 12 & a mihimum of 20.50% (May) at # 8 during
the third vear Qf 1994 - 95 respectively. The wide variation in the percentage of
this sediment fraction may be clearly seen in tables 36, 44 and 52 which also shows

somewhat higher % of sand during the pre and post monsoon season irrespective

of the stations.

Silt:

Very low percentage of silt (<30%) is observed during the months of September
to February (Figures 37, 45 &53) in each of the year irrespective of the upstream
and downstream stations. During the rest of the months from March to August,
the percentdge composition of this fraction increased considerably and recorded
> 40% in each of the station. Stations 2, 3 & 5 in the downstream stretch and 7,8,9
and 11 in the upstream stretch of the river recorded more than 70% of silt during
the months from March to August. Tables 37, 45 & 53 show the minimum and
maximum percentage of silt to be 7.20 (Septemben - 74.10% (December) during
the year 1992 - 93; 5.71 (September) - 74.28% (August) during 1993 -94 and 6.80
(September) - 72.50% (July) during the last \}ear of 1994 -95 respectively. During the
same period the annual averages for the three year duration were 10.92 (#4) -

41.15% (#2); 16.30 (# 9) - 38.39% (# 3) and 17.13 (# 10) - 39.03% (# 2) respectively.
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Generally the percentage of silt encountered was more during the monsoonal

months in the downstream stations.

Clay:

Almost a reverse trend is discernible for the percentage composition of clay
particle compared with the silt composition (Figures 38, 46 & 54). Clay showed
decreased percentage of its composition during the months from March to August
in contrary to the high percentage of silt observed during these months of the
year. Likewise, it showed higﬁ percentage during the months of September to
February as opposed to thé low percentage composition of Silt during these
months. Tables 38, 46 & 54 show the maximum and minimum percentage
composition of this fraction during the period September, 1992 to August, 1995. It
recorded a minimum of 2.60 (September) - 45.40% (October) in 1992 - 93; 4.0
(September) - 44.20% (December) during 1993 -94 and 5.40 (January) - 36.30% (June)
during the year 1994 -95 respectively. At the same time the average annuai
percentage was calculated to be 10.05 (#1) - 23.49% (# 3); 12.69 (#1) - 25.66% (#3)

and 13.68 (# 6) - 26.30% (#3) respectively during the three years of 1992 -1995.

It is surmised from the above results that, there is a noticeable change in the
sedimentological parameters over the space and time. However, maximum
variation is observed in the texture of the sediment fractions in terms of
percentage composition of sand, silt and clay fragments.

|
Biotic components:
Distribution and abundance of the biotic components was also studied both over

space and time together with the abiotic components mentioned above. The
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components studied include planktons (phyto and zooplankton), benthos (meio

and macrobehthos), water and soil microbes and nektons (fish, crustaceans).

Phytoplankton:

The broductivitv of an ecosystem depends on the quality and quantity of the
plankton biomass production. As the phytoplankton occupy the bottom rung of
the food chain in the aquatic biotope, their fluctuation in density and the biomass
directly affects the entire _biotic structure\of the ecosystem. It is known that
success of fishing industry is dependent to a great extent on the availability of
adequate phyto and zooplankton production. Besides serving as an important
component of biotic community in determining the productivity of an ecosystem,
they are equally helpful in setting up the culture of planktivore and detritivore
species of fish. The zooplankton acts as the ‘intermediate link' between the
primary producers (phytoplankton) and the nekton (fish), because of their role in
transferring energy from phytoplankton to the higher trophic level. Hence, the
study of phytoplankton becomes indispensable while the study of secondary
producer (zooplankton) is necessary to know the amount of energy derived from
the primary producers and in turn the transfer of its energy to the different rungs
of the aquatic trophic food chain. In the present investigation, the pattern of
distribution, and the density of plankton throughout the season is carried out in
relation to the environmental parameters, so that the information could be useful
in predicting potential productiveness of the areas. Variability is a characteristic
feature of the plankton distribution and to a certain extent reflect upon the
prevailing environmental parameters which causes spatial difference in the

abundance and diversity of plankton community (Vijayalakshmi et al, 1983).



Phytoplankton occupies the base of the food chain in an aquatic biotope and their
fluctuation in\'densitv and the biomass directly affects the biotic community. The
sustenance of all other organisms including zooplankton upto the giant whales of
the great Oceans is dependent upon the trend in the production of

phytoplanktons and hence attains a great significance in its study.

The common forms of the phytoplankton are the Coscinodiscus, Chaetoceros
}
decipiens, Nitzschia closterium, Ceratium sp. whereas Rhizosolenia stolterfothii,

Bigulphia sp., Peridinium sp., Noctiluca sp. and Pyrocystis sp. were occasionally
found. It was interesting to note that, the blue green algae (Irichodesmium
erythraeum) was only found in the lower reaches of the river (# 11 & 12) during the
pre monsoon season and was completely absent in the monsoon samples, whereas

the green algae were found in the upper reaches of the river.

During the present period of investigation a total of 55 species of phytoplankton
(Table 55A) were recorded from 12 stations spread over a period of 3 years. Of
these 37 species belong to the class Bacillariophyceae (Diatoms); 11 species to
Dinophyceae (Dinoflagellates); 6 species to class Chiorophyceae (green algae) and 1
species to the class Cyanophyceae (blue green algae). Among these, the first three
groups were quite abundant accounting for greater density. Tables 55, 61 and 67
show the variability in the density with minimum and maximum values (NO X
10/ m3)

of 550 (uly) - 34286 (September) during 1992 -93 ; 1074 (April) - 28211 (September)
during 1993 - 94 and 158 (May) - 24481 (September) during the year 1994 -95
respectively. Figures 55, 61 and 67 clearly show the wide variation in the
availability of the phytplankton density in various months and in different

stations. Incidentally the lower stations of the riverine stretch (# 7 to 12) showed
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higher percentage of density compared to the rest of the stations in each of the
year. Aiso, the monsoonal months recorded low density to be followed by
enhancement in the number during the post monsoon season.

Table 67A shows the statistical values for the variation in the prevalence of
phytoplankton during the three year period of study. It varied only over the

seasons at 1% significance and showed insignificance values for the stations.

Zooplankton:
A total of 45 zooplankton species (Table 56A) were encountered during the
present period of study. The common groups of zooplanktons found throughout

the study tenure were Protozoa, copepoda, cladocerans, larval forms, fish eggs,
etc. Among these groups, the crustacean alone constituted approximately 60% of

the zooplankton population in their abundance in all the study sites.

The common groups of zooplankton found during the present study were

protozoa (Tintinopsis sp., Globigerina sp., Favella sp.), Coelenterata (Hydromedusae

sp.), Copepods (Acrocalanus sp., Paracalanus sp., Centropages sp.,

v

Pseudodiaptomus sp., Acartia sp., Qithona sp.). The cladoceron (Penilia sp. and
Evadne sp.) were only found in the plankton sample collected from the station 12

which is located near the estuarine mouth. Other zooplankton forms were larval
forms of crustaceans, fish eggs and larvae. The pre monsoon (March to May) was

the period of higher abundance of zooplankton. Crustacean spcecies like

Acrocalanus, Paracalanus, Lucifer, Peni/ia}and Evadne have been found to be
maximum during the pre monsoon and were reduced considerably during the
south west monson. During the pre monsoon period, the diversified groups
representing maximum number of species were observed in the study stations

which are located in the proximity to the estuarine mouth.
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The primary and secondary maximum peak was noticed during the post and pre
monsoon seasons while a steep decline in their density was noticed during the
south west monsoon season ( Tables 56, 62 & 68). Zooplankton density was found
to be slightly high at stations 10, 11 and 12 when compared to stations located in
the upstream of the river. In upstream freshwater zone, there are some sites
which accounted for more zooplankton density contributed by mainly freshwater
species. Throughout the study period,  copepods dominated the zooplankton
population although the bulk of the zooplankton in sampling sites were
constituted by copepods, cladocerans, larval forms, fish eggs and larvae were also
recorded. Carnivores like hydromedusae, ctenophores, and chaetognaths were
numerous during pre and post monsoon seasons in samples collected at the close
vicinity of estuarine zone. Their relationship with salinity is direct, appearing
when high salinity regime established but was dwindling and disappearing with
low salinity values. During the three year period of study, the zooplankton density
(No/m?) rangéd between 178 (September) - 9898 (May); 812 (July) - 9894 (November)
and 891 (JUly) - 7321 (Novemben) respectively. The annual average (No/m?) ranged
between 1329 (# 2) - 3188 (# 12) during 1992 -93; 1270 (# 6) - 4629 (# 11) during 1993

-94 and 1321 (# 6) - 4425 (# 11) during the third year of 1994 -95.

Among the three seasons, post and pre rr\wnsoon were registered with higher
concentration of zooplankton popuiation. At lower stations, the zooplankton
density was found to be higher when compared to that of the stations situated in
the upper reaches of the river during the study tenure. Figure 56, 62 & 68 show a
general trend in zooplanktonic biomass at different locales during the period of

three year study. As in the case of phytoplankton, the two way analysis of variance



(Table 68A) showed significance values for zoopianktons only over the seasons and

varied insignificantly between the stations.

Benthos:

Benthos is a collective term referred to the organisms living in or associated with
aquatic sediments comprising plants, animals derived from almost all phyla. The
benthic existence itself reflects the cycle of energy more or less in a complete
manner, connoting that benthos form an absolute ecosystem instead of being a
part of one. The important groups in this trophic network of benthic
environment is meiobenthos. The role of meiofauna in the benthic environment
in terms of supply of energy to higher trophic levels have been hypothesized by
several workers and they also suggested that the function of meiobenthos in the
benthic communities is either nutrient remineralisaton or competition with
macrofauna. |

However, in the present study, an emphasis is given oniy to quanitfy the
meiobenthos and macrobenthos of river Kali in terms of density and biomass. it
was mentioned earlier that the information obtained on benthic density and
biomass can be conveniently utilised in assessing the productivity of the study
locales. the meio and macrobenthic population were not homogeneous in the
sense that the components varied both over space and time. Temporo-spatial

variation of meiobenthos and macrobenthos in different seasons are shown in

Figures 57B & 58B respectively.

Meiobenthos:
A total of 15 taxa (Table 57A) are reported during the present investigation, with
the meiobenthic density (N0/10 cm?) varying between 30 (September) - 5812 (May)

during the first year of 1992 -93; 9 (September) - 2345 (April) during 1993 -94 and 32
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(September) - 1925 (March) during 1994 -95 reaspectively. It is surmised from the
tables 57, 63 & 69 that the annual average of meiobenthic density (No/10 cm?)
varied between 228 (11) - 1258 (# 12); 279 (# 2) - 1380 (# 12) and 122 (# 1) - 541 (# 12)

during the three year duration between 1992 - 1995.

in the present study, high densities of nematodes, diatoms were noticed in the
upper reaches of the river during March to August months whereas herpecticoids
and foraminiferans were found to be dominant in the lower stretches of the river
(# 11 &12). It is also surmised from the results that the density was considerably
reduced during the south west monsoon season in all study locales. it is also
evident from the results that meiobenthic taxa had exhibited a definite pattern of
pre monsoonal stability in their community structure. There was a consistency in
total density and also in the density of ircclividual taxa during pre monsoon
followed by an enormous faunal elimination during the monsoonal months. High
dénsities of total meiofauna, nematodes and polychaetes were observed in sandy
silt sediments. The fine sand and mud with large amounts of detritus are known
to support rich meiofaunal densities as it contains lot of organic matter and
nutrients In the form of minute particles which these organisms devour. In the
present study, more meiobenthic population was encountered during the pre
monsoon months when a sandy siit regime was established and during monson
the density was lowered down considerably, consequently on the change in the
substratum into dominant silty sand proportion. The elimination of faunal
assemblage during the monsoon was soon to be followed by a recolonisation
process whererin most of the species recolonised during the post monsoon
season. The structure of meiofauna community depends on environmental
variations in the salinity and sediment distribution which brings natural changes

in the abundance and diversity of meiobenthic organisms. Table 69A gives the
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values of statistical analysis of meiobenthos which was found to vary significantly

only over the seasons at 5% level and insignificantly between the stations.

Macrobenthos:

Among macrobenthos 12 taxa (Table 58A) were observed and their density is given
in tables 58, 64 & 70 for the three year period of investigation. The density
(No/m?) varied between 15 (Septembern - 3628 (Aprid during 1992 -93: 10
(September) - GZO (July) during 1993 -94 and 25 (September) - 415 (April) during the
year 1994 -95 respectively. An annual average (No/m?) values during the same
period were of 88 (§#2) - 819 (# 7); 79 (2) - 306 (#11) and 62 (# 1) - 273 (4 12)
respectively during the three year period of 1992 -95. The figures 58, 64 and 70
show the density in each of the stations during the period of 1992 -95. It can be
seen that the downstream stations (# 7 to 12) recorded h.igher densities during the

post monsoon seasons except in the year 1992 -93 and less of density in upstream

stations during each of the seasons.

It was noticed that the dominant species were found to be absent or depleted
during the south west monsoon with a initial colonisation during the post
monsoon season followed by a secondary colonisation, growth and structural
development during the pre monsoonal months.  Polychaeta, the dominant
macrobenthic group was found to prefer siity sand substratum as they were found
in maximum numbers. Such deposit feeder§ that live on organic matter, make up
majority of the fauna in finer sediments where feeble currents allow organic
matter to settle out, thus providing an adequate source of nutrition for large
numbers of deposit feeders (Sanders, 1958). Bivalves were next in numerical

abundance and were found to prefer higher salinity (Meretrix meretrix, M. casta,

Paphia malabarica) while Villorita cyprinoides preferred a low salinity regime (in
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upper reachés of the river) and sandy substratum as evident from the density.
Salinity and nature of substratum are the maost significant environmental factors
that are affecting the distribution of benthic fauna. A similar findings were
noticed by several workers (Parulekar et al, 1980; Harkantra, 1975 & 1976:
Sudarshana, 1983; Bhat, 1985 and ICAR repoft 1986). Both macro and meiobenthos
undoubtedly found to reign the bottom sediment providing the much needed
nutrition to the benthic organisms and demersal fishes. The environmental
characteristics of this coast fluctuate periodically depending on three seasons.
The benthos have a tendency to recolonise themselves in the post monsoon
period after overcoming the unfavourable season of monsoon mainly due to the
instability of the bottom substratum. From the results of the present study, it is
evident that monsoon is the season of faunal elimination which can be attributed
to heavy runoff of freshwater during this period while the post & pre monsoon
are the season of faunal recolonisation and abundance in all the study locales. A
similar pattern has been expressed by Parulekar et al (1980) who stated that the
greater environmental stress prevailing in the coastal estuarine environment
results in distinct seasonal changes in the distribution of dominant species
characterised by total depletion during south west monsoon season, with a initial
colohisation during post monsoon, foliowed by secondary colonisation. The faunal
depletion that occurs during each monsoon season causes the cycle to repeat
annually (Parulekar et al, 1980) and similar results have been noticed by several
workers in the Kali estuary. It is surmised from the table 70A, a significant
variation in the occurrence of macrobenthos both over the seasons and between

the stations at 1% and 5% levels respectively.
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Microbiology:

The study of unicellular organisms with no complicit organisation between animal

and plants which include all of the unicellular organisms like algae, bacteria, fungi,
viruses and even unicellular protozoans can be termed as ‘microbiology’. Based on
the presence or absence of nuclear membrane, the microbes are classified as

eucaryotes (eg. algae, fungi and protozoa) and procaryotes (bacteria and viruses).

The development, growth and sustenance of microbes, be it in water or sediment
depends upon the different abiotic factors like, temperature,salinity, oxygen, pH,
pressure, organic matter, etc. Depending on the tolerance to withstand
temperature, they are aiso classified as Psychrophilic (can withstand temperature
of 00C to 200C); Mesophilic (can withstand temperature of 200C to 459C) and
thermophilic (can withstand temperature of 459C - 90°C). Usually the microbes
prefer a pH range of 6.5 to 7.5 except certain special variety of bacteria which can
withstand either acidic or alkaline conditions. Depending on the basis of oxygen
requirement, they may be termed as aerobes which require oxygen for their
growth and facultative anaerobes, which thrive without oxygen content in the
media. It is known that most of the estuarine variety of bacteria belong to the
mesophilic category and often devoured as source of food by many of the
estuarine invertebrates. They also help in remineralisation of organic matter in
the estaurine systems by way of breaking down the dead and decaying part of the
plant and animal matter thereby making available simpler particles as nutritional
matter for the fauna and flora in the area. In the sediments, their population is
seen to be high in areas of higher density of benthic organisms and less in
polluted zones. However, presence of coliform type of bacteria indicates the
pollution of the area, be it water or sediment zone. In aquaculture, the study of

pathogens is very much necessary as they affect the growth and production of
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fish and crustaceans of both capture and recently booming culture systems. The
main aim of the present study was to have a general idea about the totai microbial
population in the riverine and estaurine areas of study sites and to establish the

relation between water and sediment microbial population.

Thus the study of bacteria is very much important and relevant under the present
circumstances, 'as the presence or its absence due to the impact of anthropogenic
activities is likely to have an impact on the ecosystem as a whole and on the

fishery resources of a region in particular.

Microbes in water and sediment:

Quantitative aspects:

The total bacterial load of ‘water and sediment from 12 study sites of Kali river
during the period of three years (1992 - 1995) is given in the tables 59, 65 & 71 for
water microbial samples and 60, 66 & 72 for sediment microbial samples. The
bacterial population (No x 103/ml during the period of 1992 - 93 ranged from
0 (March) - 347 Uuly); 0O (September) - 896 (July) and 0 (September) - 486 (July) in
water whereas 0.7 (March) - 4522 (August); 3 (September) - 2490 (uly) and 2
(Septembern) - 432 (July) in sediment (No X 10%/g). This is in agreement with other
workers such as Rao (1981) who reported bacterial load in the range of 8.0 x 104/ml
to 1.24 x 109/ml from Zuary riverine system. Similarly, Polombo & Ferguson (1978)
noticed bacterial density in the range of 1.95 x 10° to 1.89 x 108/mi. in general,
sediment showed higher bacterial population than that of water samples. This is
in concurrence with the findings of Meyer-Riel et al, (1978), Nair and Lokbharathy
(1982). According to Okpokwasili and Alapiki (1990), the bacterial population of

sediment was 200 times more than that of the water column.
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Qualitative aspects:

The bacterlal genera encountered In all the stations were the same with the
difference in the density. The bacterial genera noticed were of Bacillus,
Micrococcus, Pseudomonas, Alkaligenes, Enterobacter, Elavobacter, Acinatobacter,

Corynebacterium, Moraxella and Vibrio. It is interesting to note that here is marked

diference in the bacterial genera from the estauarine stations to the riverine
stations. Water samples from the riverine stations contained species of Bacillus,
Micrococcus, Alcaligenes and Corynebacterium and sediment samples of,
Micrococcus, Bacilus and Corynehacterium. However, estaurine samples contained
more of Vibrio, Moraxella, Acinobacter, Micrococcus Pseudomonas, and Flavobacter

in water and in sediment dominated by Vibrio, Pseudomonas, Moraxella and

Acinetobacter. In general, water and sediment samples from riverine stations

were dominated by gram +ve bacteria predominently Micrococcus, Bacillus and
Corynebacterium followed by gram -ve Dbacteria, namely Alcaligenes,

pseudomonas, Enterobacter. Whereas those of estuarine stations were
predominated by gram -ve bacteria such as Vibrio, Moraxella, Acinetobacter
followed by Micrococcus and Pseudomonas. This is in agreement with the results
of VenuGopalan et al (1985) who reported Bacillus as a predominant genus in water
and sediment samples whereas, Okpokwasili and Alapki (1990) recorded 93.3%
gram +ve bacteria from water (Bacilius, Staphyiococcus & Micrococcus) and 100%
of gram +ve in sediment (Bacillus, Lactobacillus, Streptococch from freshwater
culture pond. According to Nair and Lokbharathy (1982) Pseudomonas was the

major genera followed by Acinetobacter, Alcaligenes and Bacillus.

The distribution of bactrial genera varied with the season which was due to the
effect of various physiological, chemical and meteorological factors. During

monsoon months no sharp demarkation could be noticed between riverine and
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estauarine stations mostly due to freshwater run off. Temperature and salinity are
the two important factors which influence the generic distribution of bacteria
both in water and sediment (Morita, 1974). According to Shewan and Hobbs (1967)
seasonal difference in the relative proportion of the bacterial genera are related
to temperature preference of various bacterial groups. Thus in the present study
the gram +ve (mesophilic groups like Bacillus, Micrococcus and Corynebacterium)
and Vibrio were more during the months of March - May whereas Pseudomonas
was more during July and August. Changes in the salinity caused by heavy rainfall
during monsoons may contribute to variation in qualitative composition of the

flora. High percentage of Alcaligenes, Bacillus, Micrococcus and corynebacterium

(freshwater forms) during July to August could be due to this reason. Similarly

marine forms like Vibrio, Moraxella and Acinetobacter were in more number

during March- April period.

It could be inferred from the present study that the quantitative and qualitative
distribution of bacteria in water and sediment from different stations has
characteristics of its own which is influenced by the complex process such as
temperature, salinity, pH, sedimenf organic matter, grain size and rainfali to which
it is exposed. Microbes, both in water and sediment sampies varied significantly
both over the seasons and between the stations (except for water) at different
significancé levels. While it varied significantly at 1% level for water samples over
the seasons and insignificantly between the stations, a significance at 1% both
over the seasons and between the stations is discernible in the case of sediment
microbial population. The statistical vaiues for both types of microbes inhabiting

in different biotopes can be seen in tables 71A and 72A respectively.
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Nekton:

The term nekton includes all organisms capable of moving actively from one place
to another. In view of the motility of the fish, the quantitative and qualitative
sampling that is possible with planktons and benthos is scarcely feasible in the
sampling of fi\sh; since some of them likely to escape the gear used. Furthermore,
one must be aware of the fact that chance plays an important part in the sampling
which perhaps limits the significance ofathe sampling. However, the survey is very
much useful when carried out over a long period of time, since it gives us an idea
about the population density, distribution pattern so that the accumulated data
serves as a bench mark in future about the change in population structure of fish
in areas suspected to be afflicted with anthropogenic activities. Keeping these
points in the background and its relevance under the present circumstances, a

survey was undertaken to know about the density and species compaosition of

finfishes under this project work.

Among the finfishes, 27 species of fish encountered include both the freshwater
as well as brackishwater forms. Table 73 depicts the species composition of
finfishes at different study sites during the period of 1992 - 1995. Temporo spatial
variation in total density and incidence of percentage composition of different
species of finfishes collected from the study sites during the period of 1992 -1995
are given in tables 74 and 75 respectively. puntius sp., Parluciosoma daniconius,
Osteobrama dayi are the important freshwater forms encountered in sufficient
numbers in the upstream stations. The density was found to be higher during
post monsoon followed by the pre monsoon season in all the stations. Among the
brackishwater forms, Stenogobius sp., Ambassis commersoni, Cyanogiossus

punticeps and Mugil cephalus occured in sufficient numbers. Tables 76 to 85
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represent the seasonal variation and abundance of nektonic species at different

study locales for the three year period of observation (1992 -95).

However, except for few species majority of the fishes found to occur in more
than one type of biotope which reflects their habit of moving up and down the
riverine stretch depending on the season in search of favourable environmental
conditions. Hence, the qualitative analysis rather than the quantitative study of
these species of fish is much more meaningful to know about the shift in

population structure over a period of time.

Crustaceans:

Table 86 shows stationwise composition, while the seasonal abundance and
distribution of the crustacean species are shown in the tables 87 to 96 for the
period of 1992 -95. Among the crustaceans, few of the species found to occur in
the upper reaches of the river Kali such as Scylla serrata, Metapenaeus dohsoni and
Carridean prawns. It is evident as majority of the crustaceans show the tendency
to spend atleast part of their lifecycle in different biotopes in estuarine stretch
from hyper saline to hypo saline water conditions. EXcept Penaeus monodon,
majority of the crustaceans had a wide distribution from station 1 to station 12
representing the lower and upper limits of the salinity regime. P. monodon found
to occur only at the stations downstream near the confluence zone of river and

sea. S. serrata, Carridean prawns, M. dobsoni, Metapenaeus monoceros,

Metapenaeus affinis, P. merguiensis found to have a wide distribution all along the
riverine stretch. Maximum density of prawns occured during the post and pre
monsoon seasons and less in the monsoonal months. while M. dobsoni and §.
serrata found to contribute maximum density in the upper reaches, P. merguiensis

and M. monoceros dominate the lower reaches of the river.
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The foregone account clearly indicates the prevalence of different species of
finfish and shellfish of a relatively wide and rich variety found sparsed both in the
fresh as well as brackish water environments. While few of them are stenohaline
in nature, eg. Puntius sp., P. monodon, majority of the species of fish in the
riverine stretch of Kali from the estuarine mouth to the upper reaches at Kodasalii

found to be euryhaline varieties.
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Diurnal variation:

The diurnal water and zooplankton samples were collected from 4 fixed stations of
which two stations (# 2& 3) were located in the upper Kadra reservoir and the
remaining two (# 4 & 5 in the middle reaches of river Kali. For the analysis of
hydrographic parameters, such as water temperature, dissolved oxygen, pH and
suspended load, the water samples were collected along with the zooplankton
samples from the respective sites during different seasons for the period of three
years. To know about the diurnal variation in each of the season, sampling was
carried out during post, pre as well as south west monsoon seasons. The diel

variations in the physico-chemical parameters and zooplanktonic density are

shown in tables 97 to 103.

Temperature:

It is evident from the results (Table 97) that the water temperature showed clear
demarkation in its seasonal variations among the stations. An uniform pattern in
temperature oséillation was visible during day hours in all the stations followed by
decreased trend which again increased from dawn hours to noon. But during
south west monsoon period it was comparatively low and a steep fall from day to
night hours was recorded.

During the pre monsoon, the temperature ranged between 26 - 29°9C while during
the south west monsoon period the mercury level dipped to 23.50C and oscillated
tween23.50C to 259C. In both the seasons the trend of variation of this parameter
was h10re or fess uniform. As typical of tropical river waters, the temperature
readings ranged from about 23.09C to 309C. A small variation between the values
of the various sources was mainly a reflection of the time of sampling. Water

temperature was always lesser by 10C t0 3.09C than the atmospheric temperature.



Salinity (Table 98) did not show any marked fluctuations in its variation among the

stations and between the hours and seasons as it was completely fresnwater zone.

Dissolved Oxygen:

This parameter too showed more or less uniform pattern of variations in all the
study sites during pre monsoon and south west monsoon period (Table 99). The
dissolved oxygen concentration was comparatively low during the south west
monsoon than the pre monsoon period. ' The parameter studied was quite
appreciable in this case, which never recorded below 3.0 ml/i and the values of the
parameter reflected cent percent oxygen saturation. it has been established that
under natural conditions, the running waters typically contain a relatively high
concentration of dissolved oxygen tending towards saturation (Shyamsunder,
1988). Relatively higher concentration of dissolved oxygen found during day hours

{about '3.0 - 6.9 mi/h than night @bout 3.2 - 5.9 m{/l) was probably because of lack
of photosynthetic activity during night hours.

pH:

The pH values recorded during the study period ranged from 6.8 to 8.3, which is
typical of most of the Indian rivers (Mitra, 1987). Most of the natural waters tend to
be generally alkaline due to the presence of carbonates and bicarbonates. The pH

values did not vary much between the hours of the day during the pre monsoon

and south west monsoon periods (Table 100).

suspended load:
The diel (diurnal) variation in the suspended load is shown in table 101 with little
difference in the values between the stations both during day and night hours.

However, considerable variation was noticed between the seasons with the
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monsoon recording higher values in ali the stations which is mainly due to rainfall
and consequent fand runoff. The values varied between 0.12 g/l (#2) to 0.41 (43)
during post monsoon; 0.11 g/l (#4) to 0.29 g/i(45) during pre monsoon and 0.19 g/l

(#3) to 0.38 g/l (#2) in south west monsoon season.

V.E.C: |

The variation in V.E.C values also did not vary much between the stations but
varied significantly between the seasons. The south west monsoon recorded the
lowest values for V.E.C followed by the pre monsoon season. These values can be

seen in table 102 with minimum and maximum values of 0.11 (#4&5) to 0.49 (#3)

respectively.

Zooplankton (Biomass and population):

The diurnal variation in the zooplankton biomass and popuiation is given in the
table 103. it was observed that the zooplanktonv biomass was high during the
night time than day'eventhough peak values were obtained during the day hours.

Zooplankton volume varied from 1.1 to 12.2 mi/m3 during the different seasons.

The population density of zooplankton varied from 432 (#5) - 12784/m3 (#3) with
minimum and maximum recorded at 10.00 and 02.00 hours respectively. The
major peak in zooplankton was represented by copepods (over 61%) followed by
decapods, lamellibranchiates, gastropods and other groups. The maximum group
diversity was found at 05.30 hours. Among the four study stations, the
zooplankton did not show any marked variation and was more or less uniformiy
distributed during different hours of sampling during the pre monsoon and south
west monsoon periods. Day and night variability in the incidence of some species

was also observed. Among the 12 species of copepods recorded from the area,



53

seven species were found exclusively during day while five species were limited to
the night hours, primarily due to the vertical and horizontal migratory habit
shown by these species in search of food in general and avoidance of predators in
particular. In general, the relatively higher species diversity and limited variation
in the zooplankton biomass over the 24 hours during pre monsoon and south west

monsoon periods at study stations indicate a congenial environment for the

continuance of the species.



54

SUMMARY:

The present investigaton was carried out along the Kali river for a period of three
years from September 1992 to August 1995}35 a part of the baseline study of Kali
river/estuary, in view of the establishment of the Kaiga atomic power plant. After
a preliminary survey of river Kali, 12 study sites were selected and fixed in
different biotopes such as freshwater area (upper reaches of the river), backwater,
estuarine water etc. The station 1 (Kadasalld), station 2 (Devkar), station 3 (Marad),
station 4 (Kadra) station 5 (Gotegalli), station 6 (Balini), station 7 (Kerwadi), station 8
(Halga), station 9 (Siddar), station 10 (Kinnar), station 11 (Sunkeri) and station 12
(Kodibag); among these, station 1 located at upstream of river kali was followed by
series of study locales towards the downstream of the river, while the station 12
was fixed at the estuarine point to evaluate the variation of different

hydrographic and sedimentological and biological features.

The hydrological parameters studied were water temperature, salinity, dissolved
oxygen, pH, suspended load, V.E.C., nutrients, etc. These parameters have been
found to be under the influence of different seasons and were more or less
comparatively stable between the sampling sites. The water temperature
increased during pre monsoon and decreased during sw monsoon and increased
thereaffer gradually during the post monsoon period. A slight change in the

mercury level has been naoticed between the stations which could be due to the

change in sampling time,

Salinity values were found to be maximum during pre monsoon but drastically
declined during the sw monsoon period when heavy precipitation was

experienced especially in the stations located at downstream of the river.
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The concentration of dissolved oxygen did not vary much between the stations
though moderately higher values were observed during the post and monsoon
season. The 'oxygen content was comparatively more in the water sampie
collected from the upstream stations and it was noticed during the study period

that none of the stations could be designated as oxygen depleted ones.

A decline in hydrogen ion concentration during the pre monsgon period and
increasing trend during the monsoon periods may be due to the land runoff

which contains ot of terrigenous material.

Among the three seasons , higher values of suspended load was nhoticed during
the sw monsoon period in all the study sites and there was an appreciable

difference noticed between the upsrtream and downstream stations.
\

The vertical extinction coefficient values showed a remarkable range mainly
depending upon the depth, turbulence, transperancy and seasons. Usually the
monsoonal months showed less of VEC and more during the following seasons

due to the reasons as mentioned above.

Nutrients have exhibited seasonal variations in the study sites but their
concentration was found more or less uniform in all the sampling sites. A low value
of phosphate was noticed during the pre monsoon while a slight increase
observed during the monsoon season. The concentration of this salt was found
more near the estuarine areas and less in the upper reaches of the river. This
may be due to the flushing effect of river water which contain less of phosphate
content. fhere was no marked difference in the distribution of ni’trite and nitrate
content between the stations and seasons. Silicate-silicon recorded high

concentration during sw monsoon season with its peak in July/August months.



The concentration of this nutrient element was found to be more in the upper
reaches of the river than the stations near the backwaters and estuarine areas.

This may be due to influx of land drainage and fresh water from upper stretches

which contains more quantum of this salt.

The sediment temperature showed an increasing trend during pre monsoon and
decrease in sw monsoon seasons. This variation in the temperature was attributed
mainly to the differential depth in each station. The pH of sediment did not

show any marked variation between the stations and seasons.

The organic carbon and organic matter were found to be maximum during the sw
monsoon with a slight fluctuation during the preceding and following seasons.
This might be due to the change in sediment texture in different seasons, while

the moisture content remained stable in all study stations except for a slight

seasonal fluctutation.

The stations were dominated by sandy bottoms but, the proportion of sand, silt
clay varied with the respective seasons. Silt and clay proportion was high during

the monsoon season while the sand dominated during the other seasons.

The peak production of phytoplankton noticed during August to September in sw
monsoon season was probably due to the optimum conditions ih water attained
at this time through the abundance of nutrients which was due to the land
drainage and upwelling and aiso a fall in temperature and salinity. A decrease in
standing crop in the following months may be due to the depletion in the level of

nutrients. A total of 55 species of phytoplankton was recorded during the study

period.
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Zooplankton are considered to be ecological indicators of water bodies. The
zooplankton density in Kali river is quite rich with maxima during pre and post
monsoon season and minimum during sw monsoon period. it is evident that all
these study sites are‘comparatively productive regions with an abundance of
zooplanktons (45 species) as well as planktonic farvae which in turn support a very

good fishery resources of commerciaily important species in this coat.

The magnitude of variation in benthos (meio and macrobenthos) density was
found to be influenced by sediment characters and hydrology of the study sites.
The commaon macrobenthic forms encountered were foraminifera, polychaeta,
gastropoda, bivalvia, herpecticoid, cumacean, tenaéidaceae, decapod etc. The
benthic production was comparatively more during the post monsoon while the

pre monsoon was the recolonisation phase and sw monsoon was the faunal

elimination period.

The total load of bacterial count varied both over space and time and between
water and sediment samples. Usually sediment samples recorded more of
microbial density than water in all the stations, with the monsoonal months
dominating in the availability of number of species as well as in quantity. This is
due to the favourable conditions available during this season with more of organic
matter and carbon which are used for the purpose of assimilation. Usually the
stations (# 9 -12) towards the estuarine mouth region recorded higher densities of
microbes than the upstream stations which may be attributed mainly to the
differential grain size of the sediments. A marked variation in the availability of
dominant species of microbes from estuarine stations to upstream stations and

during different seasons is also recorded. The riverine water and sediment samples

contained more of gram -ve bacteria, namely, Alcalligenes, Pseudomonas whereas
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the estuarine station samptes harboured more of gram +ve bacteria like Vibrio,
Moraxella, etc. Thus it could be inferred that the quantitative and qualitative
distribution of bacteria in water and sediment from different stations has
characteristics of its own influenéed by the complex process like temperature,

salinity, pH, organic matter, organic carbon, grain size and rainfall to which they

are constantly exposed.

About 27 species of fish were identified and their density varied according to
seasons. The size of the fish that were collected during the study period ranged
from 16mm - 350 mm and it is surmised from the present study that small sized
fishes were found in monsoon season and large during post and pre monsoon
season. The abundance of finfish varied drastically from station 1 to 12 because
some of the stations were located closer to the dam site and few far away from
the site of dam construction. Besides this, even the environmental parameters
also contributed much to the variation in the species occurrence either directly or
indirectly. Among the crustaceans, M. dobsoni accounting for >35% followed by
Carrideans were the major species. Most of the species found to have a wide
distribution all along the riverine stretch comprising both the upstream and
downstream stations except‘ few species such as P. monodon. The foregone
account clearly indicates the prevalence of different species of finfish and shellfish
of relatively wide and rich variety found sparsed both in the fresh as well as
brackish water environments. Whlie few of them are stenohaline in nature, for eg.
Puntius ps. and P. monodon majority of the species of fish in the riverine stretch

of Kali from the estuarine mouth to upper reaches at Kodsalli found to be of

euryhaline varieties.

The diel variation of hydrological parameters studied were temperature , salinity,

dissolved oxygen, pH, suspended load and vertical extinction coefficient. The
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impact of three seasons on the diel cycle of water temperature was clearly visible
with @ maximum in post monsoon, minimum in sw monsoon with a moderate
values during pre monsoon seasons. There was no significant variations in salinity
and its maximum values were noticed during post and pre -monsoon seasons.
Dissoived oxygen varied maximum on diurnal scale in pre monsoon and post
monsoon. Usually the night hours recorded less of oxygen content as expected
due to the lesser metabolic activities of the organisms with relatively higher values
found between 10.00 and 18.00 hrs. Not much of difference was noticed in the

values of suspended load, V.E.C and the pH except during the sw-monsoon

periods.

The zooplankton samples were analysed for evaluating the diurnal variation
thereby knowing the composition, distribution and abundance of the species. The
groups that showed diel variation at four stations were of Protozoa, Coelenterata,
Ctenophore, Crustaceans, Cladocerans, Amphipoda and larval forms of
invertabrates and vertebrates. in all the stations during three seasons Copepods
varied much on diel cyclie among the zooplanktons both in terms of numerical
abundance and species diversity. Totally 21 species of Copepods were identified.
Spatially all the seasons showed abundance in zooplankton biomass with a bimodal
peak in their density one in post monsoon and another in pre monsoon. Usually
night samples showed higher diel variability than the day samples. The maximum
population was observed at station 2 during post monsoon season at night hours.
Thus it is concluded that the study sites fixed at Kali riverine system show a well

defined diurnal variation and the area is_biologically very productive with a variety

of micro as well as macrofauna.
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Table 1. Monthly variation in water temperature (oC) at the study sites during Sept.92-Aug.93

Months
Stations

Sept.92

28.10
27.80
28.20
27.20
30.10
28.50
29.50
28.20
28.40
10 28.50
11 28.10
12 28.00

OO ~NOO b WN =

Oct.

26.20
26.10
27.10
27.30
30.20
28.00
27.50
28.00
29.00
28.40
30.20
28.50

Nov.

25.30
25.20
25.30
25.20
27.20
25.20
28.00
28.10
28.00
27.90
28.00
27.50

Dec. Jan.93 Feb

24 .60
2540
25.60
25.50
27.00
26.80
28.50
26.20
25.50
24 60
27.40
27.80

24 30
25.80
25.10
24 .30
26.80
27.20
25.00
25.10
25.80
26.80
28.00
28.00

24.00
2520
26.50
26.80
27.00
28.50
27.20
25.00
28.30
28.10
30.20
29.20

March

28.70
27.40
26.50
27.00
28.00
30.50
28.60
27.25
29.80
32.00
34.00
31.50

April

23.50
27.90
28.70
28.60
29.50
30.20
29.90
27.90
30.30
30.10
30.70
28.30

May

27.50
27.80
27.20
27.90
28.00
29.30
29.30
25.50
27.60
29.90
30.20
29.50

Table 2. Monthly variation in salinity (%o0) at the study sites during Sept. 92-Aug,93

Months
Stations

Sept'92

0.27
0.24
0.29
0.28
0.24
0.27
4.00
410
0.28
1.20
11 2130
12 26.20

=N
CWO~NOOOOWN =

Oct

0.35
0.35
0.36
0.35
0.16
0.36
0.20
0.82
0.32
5.00
21.10
27.30

Nov.

0.29
0.30
0.17
0.17
0.40
0.17
4.80
19.80
17.60
30.20
26.75
29.28

Dec.

0.17
0.23
0.12
0.22
0.20
0.22
0.22
7.40
18.40
0.50
27.95
31.19

an.'g

0.18
0.17
0.19
0.20
0.18
0.25
0.40
2.80
2.40
0.40
28.00
32.19

FEb.

048
0.14
0.20
0.18
0.22
0.23
2.28
3.40
5.60
7.20
28.75
33.25

March.

1.30
0.89
1.30
0.89
0.89
1.30
1.30
1.30
0.89
1.30
29.10
33.95

April

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.30
30.15
34.25

May

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.10
0.10
0.10
31.11
34.86

June

27.80
27.10
27.40
26.90
28.70
28.10
29.30
28.70
29.10
29.40
31.60
30.10

June

0.00
0.00
0.01
0.00
0.10
0.10
0.10
0.20
0.10
0.40
4.13
12.15"

July

2470
24.40
24.80
2480
25.00
29.20
23.70
28.50
24.40
25.80
25.20
25.50

July

0.30
0.30
0.10
0.10
0.20
0.30
0.10
0.10
0.30
0.40
1.20
487

Aug.

25.60
26.70
26.50
26.80
25.90
26.50
27.10
28.00
26.50
26.50
26.30
29.50

Aug.

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
4.90
9.45

means"

25.86
26.40
26.58
26.53
27.78
28.17
27.80
27.20
27.73
28.17
29.16
28.62

means"

0.25
0.22
0.23
0.20
0.22
0.27
1.12
3.34
3.83
3.92
21.20
2575



gL L 6S L VAR LG*8 ¢8° 1 t1°L (TR ue'8 uve's 0i*8 0¢°L ouvL 0L Fa
9L L TLL Iy L iL'8 16°L LAY 0%°8 vo*g  ugL UL vFL 8l vl b
Lé'8 56° ) vé” L vu'g 1’2 ) s L (VRN o'y 09'sy 08°8 0¢'6 vVU'G vB°y i
66°L Loy ug* L 06° 4 vl 0Ll ulr‘sg vyY*8 ovr'g Us'8 Ud"L uv6'8 V'Y i
9L L vg ‘'L TLL 8L L Ge¢* L oL L (VR S UYL VYL U8*L Q9°L UZ°6 0v'8 i
6L uL'L REVANR 99°L 1L°L U8° L vl L vo*8 V'8 OV'8 09°8 UZ°6 VL'Y L
tL'L s ° L ob L (VA £9° L Vo' L vy 8 uB°L 08°'L U6°L UW0'8 0e'8 ou*'y 4
¢ L 06°* L VL' L g89°L 9¢° L 0g° L (V11 vy*'8 Yu°'s VI8 QU8 VL8 VY'Y U
s8° . 04°L 0 ° L V) V'8 (VR ) V'L vU*'8 U6l 0e'8g - au'g8 0L 05y ¥
vy L 0yt L [} vt L 1d° L VL Ye'L V8 ULy V'8 UL VE'L vl t
84" L vy L 66" L 8L L 9¢* L GOl vé' L vb's 0e*8 ol*8 ol*L 0o0*L 0¢'L ¢
sv*L 49" L FO° L TL L ¢l L VYA 3L Ué'L uUL*L UF*L ug°L V4L vl i

SUs L)y
duy Ang aun Avy {vady  nqoaupy o gg,uer *oaq AON 190 26 1dos sy puupy

.

aSuvour,

o

€6, 8ny-26,°1dag Buranp say1s Apnys ayy je gd U1 uorjeiaea AIIUol *t cqyeg

LYY v*9 L'l 0g*¢ ve'¥d gy VR Ut w6l ug*'t oLt 09t v o
g9t e v oty e+t ug ' ¢ ve (VAR & or t vyt VSt 09t VBt us'v |
Loy L'y (VR I ¢ ¢ (AN 099 Ve VLY uu°s U6t V6P U9'Y vyt Ul
1 SR v9°y vy ¥ vyt (R Ug° Yy vy g UV Y | AR ™ Vg*Y VIS VE*'Y ULy 3
LE'Y 0L'S VoL 09*¢ (R AN 09"y (VNI [V VAR ¥ ug*9Y U8°L U8t oub'y f
Lu*g 06°¢S vo°*9 0L ¢ 08¢ 69 Vo' u'S UYL'Y urF*Fr OF'Y UGV vyt L
6¢°¢§ 1R Y 0g° L 09°¢ (V] 2 ob°9 VY'Y U2°'% vg'v UB'S VU'S U89 YUy i
Ivty 06°¢ 09° L uy°¢ VL 4 ub°y (VRIS 4 UL'S 06t V49 V8t 0y*'s pg*v v
g8°'¢ 09°'¢ ov° L oL ¢ g0*g 09°y ug'y VI'S JUu'y U9 U8°'Y 8L 0ltL t
By oy 'y v L et okt AR TRHRRH vt ortr 08°Y  OF°Y 0oL oLy ¢
8¢y oY’y 0 * L oL ¢ oVt oLty ov v vyt P Uuty OL*Y 08V uy'y yg'y Py
.

vi*g 0y ¢ oL ¢ ve‘'eg vy 0L 9 oLt vé't  us VDO 0L gy ve°s {

ATEVR IR N TN BN
ddy  qoadp tqogl g, mepr *ooyg CAUN 100 26,1 day s uop

O

L Suuoum s auy Aing aunp Al {

€6, ' Buy-26,*1das Juraup sa)Is Apujs ay) Pe(L/1m) woddxg poafussi( U1 wuljuraga A1) o

B MERLEEYLIN R



vv o
1€°0
8¢°0V
vt'o
AN
8¢'0
fe o
(VRN
v o
uL°u
82°'0
B8é°0

LSueauw

0s*0
¢¢0
L'
i¢* 0
(S S V)
6l*0
A\
Iv*o
el o
L1*0
1 AR V)
gt'v

WSuvam,

€6, *9nv-26, *1dag Duranp sayrs Apuys ayy

GI'o
AU
g§0°0
Fl1*u
Fiuy
GO0
to*o
LAV}
NIV
tutu
90°'0
to°o

uny

A
Ig°0
v o
290
gvo
oY v
290
(VR V]
YA
A
St*u
(VRURY)

, cany

460
G0'0
Ly
tutu
BAVARY)
gU' O
vo*o
BU'V
LUV
VlL°u
SAVARY
% B V)

Alne

¢6, *dnvV-24¢, ")

1 A |
¢V u
8¢*0
Yvroo
yéiu
'R A |
(XA
g1
SI°0
1¢°0
ge‘ o
‘v u

Ang

¢l°v
yo'u
90" 0
0V
vt o
Luo*u
50°0
SAVAMY
uE'u
AN
yt'u
‘L0

AN

¢t
8¢ 0
gtu
Be*v
A
8t°u

T0*1

gu°0
AR
F9°u
IT'o
vuo*1i

aunp

90° 0
900
Z1'0
Yoo
800
GQ* 0
120
H1'0
8¢ U
9§ o
2gt 0
920

AVI

dog Jutaup sa)

vv*o
vi‘y
Ieo
7 I V)
AUV
vl*u
600
y0°*uy
vo‘o
AV )
00U
VL*u

- Rel

<

AMMY
¢1u
g0 0
60
800
A Y
g0y
LAVRY)
[AVRNY)
¢0°0
tu°u
geeo

frady

ER A
Be U
Sv°u
tv'u
tr o
800
¢lu
RV
80" 0
¢’y
1y
¢ttu

yodew

s Apnu)

L8 MR V]
84°0
vito
sV0°0
Lutv
LU0
VRV
LUy
fo°v
¢0'u
tuy
Sv'o

Hqodepw

gLy
AN
[TV
e U
uL*u
190
ov o
gr-u
A
PN
¢9°0
(U RH}]

HaJ

60y
AV
oL°o
LAY
Lo
01y
tuo'u
Fr o
800
[ Y
BU' 0
[V

AL

(1/s5md)peo]

¢L Y iv'o
[AN V) gtv°u
8bv*v sv'o
st £V
G50 8¥*0
[AYAN Y} Ge*u
460 (VR 2V
Uy *u Be'u
[A ] ig*u

U 6¢°0
VSR 6¢°v
[ATRRV RNRRY

cguel .owf,

e fotHtA ut

Yoo 800
6V 0 ul°o
si*o ANV
A ) 9ico
LU ti*o
OE*y 8U° 0
800 60V
AV lo*v
A BV [
00 A
to'v [A Y
LRV Yyl

ma..::. uad

paopuodsnyg ul

0s*0  t£9°'u
tu'0 8L
60°0 ¢€¢'v
S9°0 Lyt
(XY

ty-u
VR ) IV
§7'0 950
14°0 0y*o
¢ 6do
L'y s¢'u
6¢°0 oUg'u
010 yvi‘'o

AU 100

LL'O
6y U
860
RV
o
PANEY
$F'u
gy 'y
I
(VR MR )
8¢
AN
s

26 1das

uvtlerdeas Apgjpuoly c

00 60°0
S LV VR VRV R}
Lo 80°v
Lo Goto
ul*o BO'U
10 Lu*u
IE*0 or‘o
0 VL'V
U Vi‘u
09l
o Gl
U véu

*AUN *you

[T a0
vl*oy
L0 O
010
Y10
$0° 0
o1y
6" v
Li'ou
v1°0
gi°0
té v
S

46, 1dag

uorjetdes A{juupy -u

ol
i1
ul

FaP R ol

—

vlyv)s
S UON

a _._a,.r

e I SO A
——

o

|
vtlels
Ry puop

I{yel



Table 7. Monthly variation in phosphate (ug at/l) at tk‘y"study sﬁes durlng Sept 92-Aug.93

Months
Stations

OOO~NDOHA WN -

Tebie 8. Monthly variation in nitrate (ug atl) at the study sites during Sept.92-Aug.93

Months
Stations

—
COWoO~NOOPA~WN =

- -
N =

Sept.92

0.56
0.82
0.05
0.38
1.20
0.38
0.21
0.75
0.22
0.25
0.50
1.20

Sept.'92

1.00
4.60
0.62
0.58
0.32
1.86
0.23
1.92
1.05
0.37
0.04
0.03

Oct.

0.22
0.80
0.20
0.34
048
0.30
0.34
0.05
0.10
0.10
0.10
0.70

Oct.

0.25
4.32
0.53
0.17
0.25
0.11
0.48
3.81
3.25
2.08
0.65
1.54

Nov.

0.12
0.78
0.30
6.10
0.06
0.05
0.62
1.00
0.07
0.45
0.05
0.92

Nov

0.50
0.48
0.08
10.41
0.06
0.03
0.42
0.68
0.05
0.70
0.55
2.10

Dec. Jan.93 Feb“} Ma%h

1.00
0.96
3.20
6.00
4.10
2.50
4.21
6.41
6.10
5.12
5.10
7.40

0.96
0.92
2.40
5.20
3.80
2.00
3.20
3.42
3.45
2.54
3.10
3.50

3.21
0.24
0.38
4.80
3.20
0.25
3.10
0.01
2.50
0.35
0.80

Dec. Jan'93 Feb.

8.01
8.65
10.82
10.52
10.02
9.45
1.43
2.23
2.72
1.90
0.95
1.01

1.92
8.55
4.57
0.91
112
1.52
0.75
0.45
0.86
0.25
0.02
0.06

0.45
7.89
0.06
0.03
0.12
0.15
0.23
0.31
0.63
0.08
0.28
0.07

')11

1.20
1.62
1.25
1.00
0.97
1.07
1.40
1.60
1.57
1.35
1.20
1.40

March

15.60
20.80
16.10
17.20
20.02
17.60
13.20
14.00
13.60
13.58
13.20
17.60

April

1.50
2.05
1.00
1.00
0.90
0.95
1.72
1.95
1.58
1.72
1.55
1.55

April

13.20
12.81
12.08
12.00
12.00
11.20
10.40
6.80
5.60
9.60
6.00
12.04

May

1.55
1.30
0.05
0.94
0.80
1.00
1.27
1.45
1.87
1.42
0.97
1.65

May.

8.21
8.81
8.02
8.01
8.00
8.02
8.80
8.80
8.82
7.60
8.01
8.40

June

0.70
1.00
1.01
1.05
0.75
0.87
0.65
0.90
1.35
0.72
0.62
0.90

June.

20.40

2091 .

21.20
20.00
21.10
21.04
20.08
20.40
19.60
19.71
18.41
19.60

July

1.05
1.82
1.07
0.70
0.65
0.92
0.95
1.30
0.80
1.20
0.70
1.22

July.

28.80
28.00
28.00
28.60
28.20
27.91
24.40
24.00
24.40
27.20
15.60
23.60

Aug.

1.12
1.72
1.30
0.90
0.82
0.77
0.82
1.45
0.87
1.80
0.87
117

Aug.

16.80
16.00
16.40
16.00
16.22
16.80
15.60
156.60
15.61
16.00
16.40
16.45

means"

1.10
1.17
1.09
2.37
148
1.08
1.30
1.95
1.50
1.60
1.26
1.87

means”

9.60
11.82
9.87
10.37
9.79
9.64
8.00
8.25
8.02
8.26
6.68
8.54
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Tabhle 15, Manthly variation in Snspended load (gms/1) at the study sites during Sept,'93-Aug,'94

Months Sept
Stations

‘93

i 0,21
v 0,17
}] 0,14
4 0.18
! 0,10
£ 0,006
7 0,02
i 0,17
¥ .12
16 0,08
11 0,13
12 0,160
Table |

Month=: SEP
Staticns

1 QO
0

} 0

4 0

) 0

O

{ 0

5 0
4 0
16 0
1 1\
17 0

.03

A8
MR
.37
<41
.54
<40
3?2
R
ERE
.3
.69
12

Oct,

0,22
0.19
n.17
0,14
0,80
0.08
0,13
0n.09
0,08
0.09
0,12
0,12

A, Manlhly var

nC’l‘

0,18
0.30
0.15
n.27
0.48
0,56
0,41
0.43
0.40
0,36
0,417
0.65

Nnv,

0,15
nN,16
0,12
0,09
0,09
0,10
0,17
0,12
0.06
n,13
0,06
0,14

iation
NOV

0,12
N.32
0.18
0,31
0,14
0N.15
0.31
N.18
0,62
0.24
Nn,12
0,601

Dec., Jan'94
0.11 0,06
0.12 0,05
0.12 0,045
0,11 0.13
0,04 0,410
0.07 0,07
0.09 0,10
0,13 0,07
0,117 0.14
0.158 0,18
0.19 0,12
0,09 0.07
V.E.C, at the
0n.39 0,56
0,31 0,52
0.19 0,61
0.31 0.5
0.32 0,49
0,41 YA
0,38 0,h?2
0n.4? n,64
0,34 0,55
0.46 0,51
0.51 0.50
0,54 0,68

IFeh, March
0,08 n.035
0,06 0,03
0.11 0,04
0.04h 0,01
0,14 0,07
Nn,04 0.06
0,14 0,07
0.08 0,07
0.156 0,08
0,11 0.14
0,10 0.15
0.13 0,32
study sites
FEB MAR
0,48 0,12
0,61 0.10
0,32 0,12
0,413 0,09
0,41 0,07
0,15 0,14
0,50 0,11
0,67 0,53
0H.44 n.133
0,63 0,51
0,45 0,39
0,71 n,21

April

0,
0.
o,
0.
0
0.
0,
0.
0,
0,
0
0,

duri

04
03
a3}
0?

<32

017
16
07
18
06

12

34

ng

APR

0o,
0,
0.
0,
0
0
0
0,
]
0,
0
0

73
83
17
48

.63
.59
. 61

59

.61

19

.51

.54

" May

0,08
0,09
0,06
0,04
0,04
0.06
0.07
0,08
0,086
0,12
0,14
0,54

June

0,13
0,14
0,64
0,44
0.10
0,11
0,38
0.33
.32
0,29
0,38
1.99

Sept.'93-Ang.

MAY

n.213
0,31
0.37
n,31
n,2?2
n,35
0,017
0,10
0,08
.11
0,08
n.08

JUN

0.38
0.36
0.30
0.32
9,06
0,09
0,09
0.11
0.07
0.06
0,06
0.15

Inly.

0.

=22

P

SV -

N

1
?
1
1

-

1.08

0.
0,
0.
0,
0,
n,
1.

'94

38
14
36
33
31
40
84

JUT,

0.
.12
0,
0.
S
0,
0,
0,
0,
0,
0,
0,

0

0

06

i1
15

N7
11
06
05
06
ne
29

&'Aug.

0.62
0.43
0.34
n,n1
0,92
0.86
0.58
.54
0.37
0,36
0,902
1.89

ATIG

0,04
0,06
0,03
06,07
0,040
0,06
0,04
0.14
0.21
0,08
0,09
0,18

"means"

0.18
0.14
0,16
0,14
0,32
0.16
0.20
0.18
0.17
0.17
0,24
0.64

"means"

0.31
0.35
0.27
0.31
0,29
n.32
0.30
0,36
0,33
0.32
0,33
0.45
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Table 21A. Analysis of variance ( ANOVA ) values for water
temperature between the seasons and stations

scurce of veriaticn  Degressof Sumof  Mean Fvalue
freedom squares square

Between seasons 2 17.64 8.82 14.00**

Between stations 11 14.25 1.30 2.06

Residuals 22 13.89 0.63

Total: 35 45.78

Table 23A. Anglysis of Variance (ANOVA ) values for dissolved
oxygen between the seasons and stations

Source of variaticn Degressof Sumof Mean Fvalue
freedom squares  sguare -

Between seasons 2 0.99 0.50 2.43*

Between stations 11 1.94 0.18 6.76**

Residuals 22 1.62 0.074

Total: | 35 4.55

* P<0Q.05 (significant at 5%level )

**P < 0.01 (significant at 1%46)



Table 21. Monthlyevariation in Water temperaturo (°C) at the study sites during Sept. '94-Aug’'93 |~ | | |
Months{Sept-84 Oct. _‘L__Mov., _Dec. |Jan 95| Feb | tMarch | Apri | May_ | June | July | Aug. |Mean
Stations
1] 2640 | 26.80 | 2660 | 2580 | 2730 | 2760 | 2800 | 27.60 | 2830 | 27.80 | 27.10 | 26.90 | 27.18
2 | 2660 [ 2670 | 26.70 [ 2590 | 2750 | 2760 | 2810 | 2700 | 284C | 27.80 | 27.40 | 27.00 | 27.30
3 | 2680|2660 | 2700 | 2810 | 2740 | 2780 | 2840 | 2620 | 2860 | 2700 | 2760 | 2710 | "27.48
4| 2730 | 26.90 | 27.10 | 2840 | 27.70 | 27.90 | 2850 | 2650 | 2890 | 28.00 | 27.80 | 27.30 | 27.69
5 | 2750 | 2710 | 2730 { 2850 | 27.90 | 2810 | 9870 | 2690 | 2010 | 28.40 | 26.00 2/60 2793
6| 2840 | 27.20 ] 2750 | 26.90 | 2340 | 2800 | 2880 | 29.50 | 29.4C | 28140 | 2820 | 27.60 | 2821
7 12890 | 2740 | 2860 | 27.30 | 2330 | 2840 | 29.40 | 2660 | 2860 | 28.50 | 2860 27 90 | 2854
8 | 28.00 |-27.50 | 2800 | 27.70 | 2370 | 2860 | 2960 | 2080 | 2070 | 2860 | 268.90 | 2840 | 2870
9 | 2000|2810 | 2840 | 2340 | 2900 | 2880 | 2970 | 2990 | 20690 | 28.00 | 2000 | 2860 | 2808
10 | 28.70 | 2820 | 2860 | 2930 | 2940 | 2010 | 2090 | 2080 | 3000 | 2910 | 2010 | 2890 [ 29 18
11 | 2860 | 2640 | 2910 | 2890 | 2320 | 2920 | 3000 | 2600 | 3010 |.29.40 | 2890 | 2030 | 2918
12 | 22.90 | 2860 | 2950 | 2360 | 2360 | 2000 | 2080 | 2060 | 3020 | 2970 | 28.80 | 2860 | 29.20
lable 22 Monthly variation in Salinity (%0) at tho study sites during Sopt '84- Aug.'05
Months|Sept. 84 Oct. | Nov. | Dec. |Jan-95| Feb. |March| Apil | May | June | July | Aug |Mean _
Ctahons
1 | o003 | ood | 008 | cO3 | 003 | 003 | oo8 | 008 | 008 | 003 | 008 | 008 | 00S
2 | o008 [ o008 | 008 | cos | coe | 0o | 006 | oos | dos | 003 | 003 | 008 | 008
3 | 008 | 003 | 005 | co3 | 003 | 003 | 002 | 008 | 003 | 0068 | 003 | 008 | 004
4_| 003 | 008 | 008 | 006 | 008 | 003 | 002 | 008 | 003 | 006 | 003 | 008 | 005
5 | 006 | 008 | 008 | CO8 | 006 | 006 | 0DOB | OO | 006 | 003 | 003 | 003 | 006
6 | 008 | 008 | 005 | 003 | 005 { 006 | 100 | 008 | 003 | 008 | 008 | 0058 | 014
7 | 420 | ‘060 | 860 | 740 | 420 | 820 | 1230 | 1160 | 630 | 008 | 008 | 008 | 530
8 | 860 | 080 | 920 | 460 | ©80 | 1010 | 1640 | 1430 | 800 | 430 | 008 | 008 | 7.19
o | 880 | 620 | 1280 | 1280 | 1230 | 1160 | 2150 | 1610 | 870 | 580 | 008 | 008 | 998
10" | 1240 | 840 | 1430 | 2510 | 1780 | 1880 | 2480 | 2260 | 1080 | 600 | 008 | 003 | 1343
11 11830 | 930 | 2160 | 2880 | 21,40 | 2780 | 3050 | 27.40 | 2470 | 19.70 | 008 | 2.80 | 19.37
| 12 | 2060 ] 11.60 | 20.00 | 30.40 | 31.80 | 2140 | 3260 | 3110 | 3080 | 3040 | 008 | 510 | 2374

Lé



Table 23 Monthly ya,ri;_gtign.irg Dissolvad Cxygen (mil/l) at the study sites during Sept. '94- Aug.'95

Munths Séﬂ;§4 Ocl ' Nov' ‘Dec. |Jan.-95] Feb. Ma:gh 59;1} B _ Mdy _A.;}pne__

Oct. | Mov | Dec. |dan.96) Feb. duly | Aug. IMean
‘“t:«tlonq_

520 | 540 | 560 | 820 | 510 | 500 | 520 | 530 | 490 | 530 | 540 | 560 | 527
510 | 520 | 540 | 500 | 540 | 500 | 500 | 400 | 460 | 480 | 500 | 510 507
500 | 500 | 520 | 510 | 530 | 520 | 420 | 500 | 510 | 480 | 460 | 5.30 408
400 | 510 | 510 | 400 | 470 | 500 | 510 | 480 | 500 | 460 | 480 | 400 | 491
490 | 520 | 500 | 490 | 490 | 480 | 500 | 420 | 470 | 410 | 490 | 420 | 473
420 | 480 | 540 | 430 | 380 | 470 | 400 | 440 | 490 | 400 | 420 | 460 | 462

‘@'m‘\:'c»'cn AW N A

460 | 4907 | 530 | €30 | 460 | 420 | 480 | 470 | 480 | 430 | 460 | 400 | 468
490 | 500 | 520 | 470 | 490 | 450 | 420 | 400 | 440 | 410 | 400 | 480 | 463

.9 | 420 | 400 | 510 | 420 | 520 | 400 | 400 | 390 | 460 | 400 | 440 | 390 | 437
10 [ 450 | 470 | 500 | 410 | 500 |1 450 | 380 | 410 | 420 | 360 | 480 | 380 | 43/

111400 | 480 | 47) | 360 | 480 | 390 | 420 | 400 | 360 | 380 | 420 | 400 | 415
12| 380 | 440 | 480 | 400 | 410 | 360 | 430 | 380 | 400 | 480 | 400 | 360 | 411

Table 24. Monthly variation In pH at the study sitas during Sept '94- Aug 05

Months|Sept. 94 Oct. | Nov. | Dec. |Jan. 05| Feb. | March | Aprl | May | June | July | Aug |Mean
lations N
1 | 750 | 700 | 700 | 710 | 730 | 720 | 700 | 710 | 740 | 700 | _7OQ_‘JM__7._00 713
2 | 740 | 730 | 740 | 740 | 730 | 730 | 720 | 710 | 750 | 710 | 700 | 740 | 723
31760 | 720 | 723 | 740 } 720 | 740 | 790 | 720 740 .1 730 | 710 | 720 | 728
4 | 720 | 750 | 740 | 730 | 710 | 750 | 730 | 740 | 730 | 750 | 720 | 710 | 732
5 | 730 | 760 | 750 | 740 | 730 | 760 | 740 | 750 | 720 | 740 | 710 | 730 | 738
6 | 750 | 730 | 740 | 740 | 720 | 780 | 750 | 740 | 750 | 750 | 720 | 7.40 | 743
7 7 60 | 7 60 n 7. 607 7. 60 7 40 7 ‘)O | 7 50 7 ) 7.60 7. 60 7.30 7.50 7.58
8
9

SN S Ui S e e e

750 | 770 | 783 | 750 | 750 | 780 | 770 | 770 | 780 | 770 | 740 | 760 | 764

~9_ | 760 | 7eqa | 790 | 770 | 760 | 780 | 780 | 700 | 790 | 760 | 750 | 7.70 | 7.66
107 ] 770 | 760 | 780 | 780 | 770 | 780 | 760 | 780 | 780 | 780 | 760 | 780 | 774
11 | 700 | 790 | 700 | 700 | 780 | 790 | 700 | 700 | 700|780 | 770 | 790 | 788

12| 800 | 810 | 803 | 810 | 810 | 800_[ 810 | 800 | 810 "800 | 800 | 810 | 805




Table 24A. Analysis of variance ( ANOVA) values for water
DH béetween the seasons and stations

source of varigtion Degressof Sumof Mean Fvalue
freedom squares square

3etwesn Se3sens 2 1.33 Q.67 12.40**
Between stations 11 0.09 0.008 0.15
Residuals 22 1.18 0.054

Total: 35 2.50

Tatle ZBA. Analysis of Variancz (ANOVA) values for suspencded
load between the seasons and stations

source of variation Degreesof Sumof Mean Fvalue
freedom squares sguare

Between s2asons 2 0.53 0.27 458~
Retween stations 11 0.56 0.051 0.86
Residuals 22 1.29 0.074

Total: 25 2.28

* 2<0.C5 (significant at 5%%ievel} **P< 0.01 &ignificantat 1% )



Tuble 25, Morthly variation in Suspended load (g/l) at the study sites during Sept. '94-Aug'95_ _ | | .
M'o;,im Sept 94 Oct. | Nov. | Dec. |Jan-95| Feb | March | April | May | dune | July | Aug Mean
Shahici s
1 | 054 | 078 | 032 | 080 | 051 | 062 | 046 | 039 ,041 120 | 182 | 095 | 073
2 1=a_,_m__0,7_9 035 | 081 | 054 | 063 | 044 | 738 | 044 | 122 | 183 | 099 0.83
3 '"158 081 | 038 | 086 | 056 | 062 | 045 | 039 | 040 | 121 | 179 | 091 0.83
4 | 159 | 083 | 035 | 085 | 057 | dat | 0de | 031 | 041 | 114 | 185 | 093 0 83
5 | 163 | 081 | 058 | 087 | 059 | 064 | 049 | 035 | 044 | 118 | 183 | 003 0 86
6 161 | 087 | 039 | 089 | 050 | noes | 052 | 030 | 045 | 111 | 178 | 0.94 0 84
7 166 | 082 | 031 | 084 | 055 | 068 | 05C | 041 | 042 | 119 | 174 | 089 083
8 | 161 | 080 | 035 | 085 | 046 | 069 | 051 | 044 | 047 | 123 | 179 | 090 0.84
9 | 168 | 091 | 038 | 080 | 047 | 075 | 049 | 046 | 048 | 121 | 183 | 081 | 086
_10_| 171 088 | 052 | 098 } 072 | 079 | 066 | 062 | 063 | 111 | 181 | 084 | 062
_11 | 187 | 098 | 056 | 097 | 079 | 081 | 064 | 053 | 088 | 105 | 170 | 074 | 083
12° | 186 | 097 | 053 | 096 | 078 | 082 | 069 | 058 | 061 | 104 | 169 | 073 | 085
Table 26. Monthly variation in V.E.C. at the study sites during Sept. '84- Aug.'95 o Sl
Months|Sept 94 Ot | Nov. | Dec. |Jan-95| Feb | March | Apnl | May [ June | July | Aug |Mean
Zhaticns
1 018 | 011 | 014 | 010 | 008 | 010 | 008 | 008 | 000 | 008 | 018 | 013 | 011
2 | 016 | 010 | 012 | 011 | 008 | 011 | 004 | 007 | 008 | 007 | 019 | 0.13 0.11
32 | 014 | 014 | 010 | 010 | 007 | 009 | oo6 | oos | 006 | 000 | 015 | 020 011
4 | 019 | 008 | 011 | 009 | co8 | 014 | 007 | 009 | 007 | 005 | 018 | 023 | 012
5 | 014 | 012 | 015 | co8 | 009 | 011 | 004 | 010 | 008 | 004 | 017 | 018 011
6 | 013 | 010 | 011 | c10 j 010 | 010 | 008 | 011 | 009 | 008 | 019 | 017 011
7 | 011 | 008 | 014 | 012 | 009 | 009 | 00S | 009 | 010 | 008 | 018 | 0.19 011
8 | 010 | 010 | 009 | 011 | 014 | 008 | 006 | 009 | 011 | 008 | 021 | 0.14 0.11
0 013 | o011 | 008 | c14 | G615 | 005 | 007 | 008 | 009 | 00O | 020 | 0.18 0.11
b | 018 | 009 | 011 | ¢10 | 012 | 009 | oo8 | 00o | 008 | 007 | 014 | O 011
1 ] 019 | 012 | 010 | 611 | 011 | 010 | 008 | 008 | 007 | 009 | 018 | 014 | 011
12. 1 016 | 011 ] 013 | 009 ] 013 | 040 | 010 | 010 | 009 | 010 | 024 | 013 0.13

08



Tz le 26A. Analysis of Vvariance ( ANOVA) values for water
V.E.C between the seasons and s&ations

Source of variaticn Degreesof Sumof Mean F value
freedom sguares sguare

getween seasens 2 0.15 0.08 12.50**
Between stations 11 018 002  343*
Residuals 22 014  0.0064

Total: 35 0.47

Table 27A. Analysis of Variance (ANOVA ) vaiues for water
PQ, - P between the seasons and stations

source of variation Degreesof Sumof Mean Fvalue
freedom squares square

Between seasons 2 9.12 0.83 3.46™”
Between stations 1 €.e3 4.85 20.21**
Residuals 22 5.30 0.24

Total: 35 2411

* P<0.05 (significant at 5%level) **P< 0.01 (significant at 1 %)



Table 27. Monthly variation in Phosphate-P (ug at/l) at the study sites during Sept. 94-Aug.95

Months | Sep.94 | Oct | Nov. | Dec. | Jan.95 | Feb. | March | April | May | June | July | Aug. | Mean

Stations

R R T sqol oagl a7 4390 516 T e N e T R
2 - 6.57 8.16 518 2.38 4.79 4.37 4.12 3.43 486 522 9.46| 418 | 533"
3 6.92 8.24 5.24 2.39 4.83 4.42 4.99 3.46 4.89 528 947 411 5.35
4 ) 6.60] 836 521 272 494 4411 7 511 '347) 7481 529 049] 429 | 539
5 6.63 8.28 5.14 2.54 4.71 4.46 5.03 3.48 4.85 530 9.42| 4.14 5.58
6 6.48 8.14 5.19 2.38 4.86 4.44 5.08 3.49 484 524 9.36| 4.19 5.31
7 6.52 8.19 512 2.44 4.81 4.38 5.1 3.28 4.83 5.36| 9.32] 4.10 5.20
8 646! "800l E44] sasl 476 4330 agrl Aaq ] A1l 5311 0411 4061 526
9 6.48 8.04 5.19 2.16 4.54 4.39 4.96 3.36 4.79 528| 9.39| 4.25 5.11
10 641} 812 5221 217| 452 438 497 337 476| 524| 936| 414 | 522
11 6.39 7.98 5.09 2.08 4.44 4.20 4.63 3.39 4.74 511 9.31| 392 5.1
12 622 7191 5051 210 449 416 4.69 321|465 516| 9.29| 387 | 513

[Table 2%. Monthly variation in Nitrate-N (ug at/l) at the study sites during Sept.94-Aug.95

Months | Sep.94 | Oct. | Nov. | Dec. | Jan85 | Feb. | March | April | May | June | July | Aug. | Mean

Stations
1 4.70 9.40 1117 940| 1235 1058 1117 1058 1235 520} 520| 7.64 9.15
2 520 8.207  10.20) 11.17 10.58] 11.17 882 1235 10.58| 290| 290| 7.05 8.43
3 - 470 760 11147 882 9.41 10.58| 941 11.76| 1176 '3.28| 411{ 764 | 835
4 5201 10.00( 10581 " 823 882 8231 1117] 1058} 11.147) 520| 520| 705 | 845
5 580 1058 10.50] 7.05| 882 941 1235 1117| 1058| 358 4.70| 882 | 861
6 500 1147{ 1117 6.47 7.001 11.16{ 1294 1176 941 470} 3.52| 10.00 | 8.71
7 3.50 8.821 71058 1058 941 1058} 1058] 11147} 1058 411 352} 940 | 857
8 290 820 '10.00f 9.41| 1000} 11.76 941 1117 10.00| 358 290| 940 | 823
9 470 760 "~ 940| .823] 941| 1235 8.82| 1235| 1147 520 4.70| 10.58 | 8.71
10 5.80 7.05 8.23] 705 8.23) 11.76 9.41| 1058 1058] 470 4.70) 10.00 | 8.17
11 520 7.64 8.82 6.47 7.057 11417 1000| 1176 882 290| 5.20| 823 7.77
12 5.80 588 9.41 823 1176 1058| 11.17| 1058 9.41 411 470 7.05 8.22

oy
©o



Table 28A. Analysis of variance (ANOVA ) values for water
NOz -N between the seasons and staticns

Source of variation Degreesof Sumof Mean F value
freedom squares square

Between 5e3sons 2 4480 2245 43.60**
Between stations 11 1177.02 107.00 207.77**
Residuals 22 11.33 0.515

Total: 35 1233.25

Table 2SA. Analysis of Variance ( ANOVA ) values for water
NO, -N between the seasons and stations

source of variation Degreesof Sumof Mean F value
freedom squares square

Between seasons 2 5.11 2.56 6.56**
Between stations 1 9.53 0.87 2.23
Residuals 22 8.66 0.39

Total: 35 23.30

* P<0.05 (significant at 5%slevel) **P< 0.01 (significant at 1%)
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Table 2CA. Analysis of Variancs ( ANOVA ) values for water
5i0z - Si between the seasons and stations

Scurce cfveriation Degresscof Sumcof  Mean F value
freedom squares square

8etween seasens | 2 3873.37 1936.69 18.88**
Bethween stations 11 220.80 20.73 0.20
Residuals - 22 2257.02 102.58

Total: 35 33119

* P<0.05 (significant at E%ieve!l) **P< 0.01 (significant at 1%)
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Tahle 37.

Fronthly variation

Months Sept'02

Stations

o - - T SR CR e

10
11
12

Tahle 38,

10,
19,
12,
| S
{6,
.40
16,
16,
1.20
40
1is,
i,

14

¥

17

10
10
80
30
40

J0
20

60
20

Qct.

17.
21.
14,
14
!
1o,
12.
18,

7.

14.
.20
8.

31

40
20
30

‘?:‘)
.40

80
40
60
80
90

01

donthly var

Months Sep

Stations

4.
31
406,
VASIN
.40
. )

R

1.

6.
17,
.00
60

1h
il

4

i
/

‘92

T0

.80

90
30

Ry
10
70
80

Oct.,

8.

37.
40
23,
12.
10,
T.
15,
1.
13.

16,

7.

30
a0

.40

40
40
30
H
00
40
40
90
69

Nov, ]

22.

23
15

10

.40
.20
14,
12,
10.
11.
21,

9.
16.
66.

7.

30
2.0
60
30
80
60
90
40
80

in Silt

Dec.

26.40
27.20
17.40
13.20
14.20
11.40
10.30
“8.80
22,30
26.90
74.10
18.90

intion in Clay

Nov,

4

24

.10
36.
414.
40
15.
8.
10,
18.

8.
15.
15,

8.

38
40

40
10
H0
38
70
50
10
40

NDec,

9.80
34.40
43.40
28.20
15,60
18.40
10,50
22.80
19,80
25.70
12.00
17.40

(%) aot
Jan'93

22.30
23.40
15.10
12.60
13,20
12.40
19.80
24.80
15.70
18.00
63.40
10.90

(%) at
Jan'93

5.00
33.20
40.60
23.19
15.48
16,40

7.80
21.39

8.20
16.80
18.80

9.40

the

study sites during Sept,

Feh,

21.
22,
23,
18,
18,
12.
19.
22,

9.
17,
.80
.90

71
8

60
60
20
12
12
61
16
60
00
60

March

41
84
690

57

28

.69
.00
.89
0.
.50
15.
58.
57.
sal.
15.
33,

00

80
30
50
98
90
06

.64

April

30,11
68.94

72.908
12.70
60,10
19.70
59.90
60.10
57.58
19.70
33.62
53.59

May

8'
59,

70
13
21
12
21

53

92
01

.09
15,
.00
.70
.80
73,
54,

00

90
42

.10
38‘

23

.16

the study sites duaring Sept

Feh.

6.
35,
36.
18,
.84
1.
A2
19.

LKL
10

1

g0
20
20
67
31

80

.10
15.
11.

0.

60
60
50

March

18.

8.
16.

2.
18,
15,
1y,
18,
.65
15,
13,

25

15

95
00
12
80
)
h0
o
80

a0
217

T

April

17,07
13.01

0.01

9.80
18.00
17.00
17.30
18.10
21.13
17,90
18.04
19.24

May

20,
12.
8.
13.
0,
20,
10,
9.
23.

20

07
86
01
20
S0
BO
80
50
34

.80
12,
?l?h'

04
96

'92-Aug.

-

June

46

71

14

92-Aug.

.08
54.

81

.01

1.
50.
14.
60.
59.
54.

50
70
00
80
60
35

.00
32.
56.

92
18

June

13.

13
6

06

.96
.09

2.
17.

90
70

13,60

I8,
17.
.11
13.
.70
.32

21

14
14

70
00

70

'93
July

29.38
58.09
66.00

6.30
12.70
13.40
13.90
12.50
90.74
13.30
30.43
56.88

'93
July

9.82
20.01

7.16

1.80
12.50
11.40
11.00
12.90
22.08
11.40
12.89
10.24

Aug.

36.
70.
63
2.
1
11
1
6.
i18.
11
28.
56,

00

BY
.84

70

.30
.10
.90

80
31

'60

25
33

.01
.51
.10
00
. H0
40

6.70

D WD -

.50
.18
.50
.02
.61

24

41.

30
10
21
13
217
31

31

10

"means"

.08
15
.81
.02
»36
.12
.99
17
30.
16,
40,

62

38

39

.39

"means"

.05
22.
23,
14.
13.
14.3
12,
15.
15.
15.
13.
12.

37
49
13
42
?
09
18
54
28
41
16

bE
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Table 41. tlonthly variation in Sediment Organic matter (%) at the study sites during Sept.'93-Aug.’

Months Sepi 93  Oct., Nov., Dec., Jan'94  Feb, March April May June July Aug. ‘"wmeans”

Stations
1 2.48 2.17 3.36 2.53 2.43 2.99 2.53 2.63 2.68 3.05 3.10 2.53 2.71
2 2.63 2.84 4,80 3.20 3.36 3.20 3.36 3.31 3.36 3.15 3.36 4.80 3.45
3 1.36 3.46 3.15 3.41 3.31 3.25 2.99 3.05 2.84 3.05 3.15 4.86 3.32
4 3.93 3.51 3.25 3.93 3.95 2.99 4.03 3.87 3.89 4.18 4.24 4,91 3.89
5 3.31 3.87 3.31 4,03 3.93 3.51 3.67 4.03 3.62 3.62 3.87 4.34 3.74
6 7,22 2.29 1,03 1.96 2.12 1.86 2.84 2.74 2.63 3.36 3.41 3.25 2.73
7 3,561 3.41 1.91 3.62 3.46 3.62 3.15 3.51 3.05 3.10 3.67 3.31 3.28
8 4.91 4.75 3.56 4,70 4.75 4.70 4,75 4.70 4,65 4.75 4.70 4.60 4,63
9 3.36 3.61 3.51 3.25 3.20 3.36 3.25 3.31 3.20 3.817 3.93 3.20 3.42
i0 3.062 3.817 2.48 3.586 3.65 3.41 2.63 2.84 2.74 3.36 3.51 3.62 3.27
11 4.39 4,08 4.55 4.60 4.44 4.414 4.65 4.29 4,55 4,65 4.75 3.36 4.40
12 4.18 3.10 3.82 3.903 3,711 3.71 3.67 3.72 3.72 4.39 4.49 3.25 3.82

Table 42, tonthly varistion in Sedtment Orvganice carhon (%) ot the stady gites during Sept.'903-Aug.’

Months Sent'93 0Oct. Nov. Dec. Jan'94 Febh, March  April May June July Aug. "means”
Statians

1 i.44 1.26 1.44 1.47 1.41 1.74 1.47 1.53 1.55 1.717 1.80 1.47 1.53
2 i.53 1.65 1.89 1.86 1.95 1.86 1.95 1.02 1.95 1.83 1.65 2.79 1.93
3 t.95 2.01 1.95 1.98 1.92 1.89 1.74 1.717 1.65 1.717 1.83 2.82 1.94
4 2,28 2.04 1.902 2.28 2.28 1.74 2.34 2.25 2.25 2.43 2.46 2.85 2.26
5 1.92 2.25 2.34 2.34 2.28 2.04 2.13 2.34 2.10 2.15 2.13 2.52 2.21
6 .29 1.74 1.11 1.14 1.23 1.08 1.65 1.59 1.53 1.95 1.98 1.89 1.52
1 7.04 1.98 2.07 2.10 2.01 2.16 1.83 2.04 1.77 1.80 2.13 1.92 1.99
8 .85 2,76 2.79 2.73 2.76 2,13 2.76 2.173 2.70 2.76 2.73 2.67 2.75
9 .95 1.98 1.83 1.89 1.86 1.95 1.89 1.92 1.86 2.25 2.28 1.86 1.96
10 2.10 2.25 2.04 2.017 2.10 1.98 1.563 1.65 1.569 1.95 2.04 2.10 1.95
11 v hh 2.317 2.64 2.67 2.58 2.58 2.70 2.49 2.64 2.70 2.76 1.95 2.55
12 2.43 1.80 2.22 2.28 2.19 2.19 2.13 2.16 2.16 2.55 2.61 1.89 2.22
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Table 47. Monthly variation in Sedirnent temperature (°C) at the study sites during Sept. '94- Aug'95 |
Months|Sept. 84| Oct. | Nov. | Dec. |Jan.-95| Feb. | March | Apnl | ~May | June | July | Aug. |Mean
Qlahons

"1 | 2590 | 2690 | 2450 | 2400 | 2320 | 2800 | 27.00 | 2760 | 2820 | 2660 | 2360 | 2470 | _26.34
2 | 2580 | 2640 | 25.30 | 23.90 | 2340 | 28.40 | 2830 | 27.80 | 20.60_ | 27.10 | 24.90 | 2510 | _26.75
"3 | 2590|2750 | 2550 | 2380 | 2790 | 27.70 | 2790 | 2760 | 2080 | 27.30 | 2520 | 2590 | 26.84
4 ].26.00 ,._27 20 __?5.-79.-, 2420|2740 | 2730 | 27.80 | 2610 | 28.1C | 27.40 | 2530 | 25.20 | 26.73
.5 12620 | 2740 | 2580 | 24.30 | 27.20 | 28.20 | 2820 | 28,50 | 20.80 | 28.10 | 2530 | 25.60 | 27.08
6 | 2650 27.20 | 2800 | 24.70 | 23810 | 28.10 [ 28.70 | 2020 | 2060 | 27.90 | 2540 | 25.70 | 27.26
_ 7 _| 2680 2620 ] 2610 | 2490 | 27.80 | 28.30 | 2890 | 29.70 | 20.00 | 27.20 | 2560 | 2590 | 27.44
.8 12720} 2750 |} 2520 | 238.00 | 27.50 | 28.40 | 2820 | 2060 | 28.80 | 27.50 | 2430 | 268.80 | 27.25
.9 | 2690 | 27.90 | 25.50 | 23.40 | 27.20 | 2B.20 | 28.10 | 29.10 | 20.40 | 27.80 | 24.50 | 2590 | _26.89
10| 27.30 | 28.40 | 25.80 | 23.90 | 27.90 | 2860 | 2800 | 20.80 | 27.00 | 2990 | 2480 | 2570 | 27.27
11| 2750 | 26.30 | 25.00_| 24:10 | 2300 | 28.20 | 28.20 | 26,40 | 2830 | 28.10 | 2520 | 2660 | 26.08
12 | 2850 | 2820 | 2650 | 2410 | 2320 | 2810 | 2870 | 2000 | 2050 | 2820 | 2560 | 27.10 | 27.67

Tablu 48. Monthly variation in Sediment pH at the study sites during Seyt '94- Aug/95 | -

Months|Sept 84 Cct, | Nov | Dec |Jan-95| Feb |March | April | May | June | July | Aug. |Mean
Slaticns 4 |

1.} .764 | 810 | 765 | 755 | 740 | 750 | 7.26 | 700 | 700 | 740 | 761 | 813 | 753

2 | 714 | 820 | 701 | 767 | 716 | 719 | 721 | 711 | 728 | 766 | 782 | 7.97 | 7.45
3 | 758 | 790 | 700 | 702.| 725 | 747_| 71C | 728 | 726 | 732 | 783 | 765 | 736
4 | 721 17760 | 745 1 720 | 726 | 729 | 7.6 ../'18 |.735 | 801 | 760 | 791 | 741
5 | 739 | 750 | 720 | 798 | 781 | 771 | 782 | 712 | 765 | 7.64 | 785 | 793 | 764
6 | 7.00 | 721 | 701 | 730 | 745 | 730 | 748 | 723 | 765 | 750 | 761 | 820 | 7.35
7 | 748 | 790 | 750 | 720 | 7A1 | 706 | 728 | 735 | 7588 | 781 | 810 | 778 | 751
8 | 709 | 702 | 780 | 765 | 716 | 794 | 736 | 758 | 778 | 810 | 810 | 760 | 7.70
0 | 820 | 751 | 721 |_.725 | 740 | 720 | 710 | 738 | 775 | 821 | 790 | 810 | 758
10| 870 | 823 | 768 | 730 | 712 | 775 | 725 | 785 | 7¢8 | 825 | 710 | 820 | 778
11 | 820 | 845 | 790 | 730 | 720 | 730 | 765 | 787 | 767 | 830 | 735 | 810 | 780
12 718 | 711 [ 700 | 838 | 782 | 825 | 769

700 | 714 | 769 | 765 | 745 | 785

) VDRSS e i o e e it et SRR DUV S SN




—Table 47A. Analysis of Variance ( ANOVA ) values for sediment
temrarsture between the seascns and stations

source of varigtion Degresscf Sumof Mezan Fvalue
freedom squares square

Between seaéons 2 £.74 3.37 0.002
Between stations 11 9.87 0.20 0.007
Residuals 22 27340.00 1242.73

Total: 35 27356.61

Table 48A. Analysis of Variance (ANOVA ) values for sediment
pH between the seasons and stations '

source of variation Degreesof Sumof Mean F value
freedom squares square

Between seasons 2 1.02 0.51 0.0054
Between stations 11 1.42 0.13 0.0014
Residuals 22 2083.31 84.70

Total: 35 2085.75

* P< (.05 (signivicant at 5%ievel) **P< 0.01 (significant at 1%)
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Tuble 49. Monthly variation in Organic matter (%) at the study sites during Sept '94- Aug 05 __ | R
Months|Sept. 84 Qct. | Mov. | Dec. |Jan-95| Feb. | March | April | May | Juna | July | Aug. |Mean
Statiens |l SROURNR U U ISR VNS SRR RV
1 J212 ) 202 | 214 ) 269 ) 260 | 336 | 272 | 281 | 418 | 307 | 331 | 271 | 281
2 | 250 | 303 | 302 | 336 | 519 | 310 [ 290 | 396 | 288 | 338 | 284 | 500 | 328
3| 348 | 341 | 664 | 284 | 346 | 283 | 284 | 224 | 341 | 284 | 245 | 443 | 341
4| 490 | 369 | 345 | 269 | 364 | 319 | 343 | 341 | 290 | 391 | 393 | 393 | 368
5 322 | 405 | 371 422 | 5376 3 41 3 o8 374 AS7 | 400 | 300 | 462 304
6 ] 100 | b4 ) 207 | 336 | 2768 | 207 | 4865 | 445 | 379 3.81 378 | 383 | 347
7 | 362 ] 302 | 327 | 241 ‘.-.27 RE 3 27 | 3719 | 3 24 | oae 3, 55 417 | 371 | 3. 52
81336 | 431 | 2347|427 |"445 | 457 | 203 | 305 | 362 | 408 | 434 | 4437} 413
9| 346 | 348 | 341 | 252 | 546 | 362 | 33¢ | 406 | 457 | 426 | 483 | 365 | 389
10 341 | 491 | 343 | 274 | 343 3 81 317 381 422 | 367 | 384 | 400 379
11 | 351 | 381 379 | 241 | 422 | 4 455 | 348 | 3768 | 489 452 | 372 | 399
i2 | 431 | 334 | 381 | 431 | 379 | 393 | 379 | 309 | 445 | 458 | 4 88 | 377 | 408
Table 50. Monthly le’ldllon in Organlc carbon (%) at the ‘,tud¥ sltes durmg,_Sgepg. O4-Aug'9s | |
Months|Sept 94 Oct. | Nov. | Dec. |Jan-95| Feb. | March| Apnl | May .F..June July | Aug. (Mean
‘"! itions
ST 0128 117 | 124 | 1566 | 1.5 195 | 158 | 183 | 243 | 178 | 192 1 57 1.83
2| 145 | 178 | 1757|1957 185 | 180" | 168 | 230 | 167 | 186 | 165 | 2007|189
3 ] 2001 98 1385 1165 | 201 1 64 | 165 | 130 | 198 | 165 | 142 | 2860 1.88
4 168 | 214 | 201 214 | 211 | 185 1.89 108 168 | 227 | 228 | 230 204
5 | 187 | 235 | 215 | 245 | 218 l 98 | 231 218 | 265 | 230 | 230 | 268 | 228
6 | 110 | 298 | 120 | 195 | 160 | 1_ 20 | 170 | 258 | 2 20 | 221 218 | 222 | 163
07 | 210 | 175 | 199 1198 | 190 | 190 | 220 | 188 | 221 | 205 | 242 | 219 | 204
8 | 195 | 250 | 135 | 248 | 258 265 286 | 228 "700 289 | 252 ﬁ 257 | 246
9 | 201 | 201 | 198 | 204 | 201 | 210 | 165 | 288 | 265 | 242 | 282 | 214 | 225
10 | 104 | 285 | 199 | 217 | 198 | 210 184 | 221 | 245 | 213 | 223 | 232 | 219
11| 210 | 221 | 220 /71,08 | 245 | 245 | 264 | 202 | 218 | 284 | 262 | 218 | 282
12 250 | 194 | 221 | 250 | 220 228 2.20 | 232 258 | 266 | 280 | 219 237

36
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Table 48A. Analysis of Variance ( ANOVA ) values for sediment
organic matter between sessens and stations

source of variation Degressof Sumof Mean F vzalue
freedom squares square

Between seasons 2 12.67 6.34 0.57%
Between stations 11 0.92 0.084 0.038
Residuals 22 485.78 { 22.08

Total: 325 - 489,37

Table S0A. Analysis of Variance (ANGVA ) values for sediment
organic cartcon between the seasons and stations

Ssource of variation Degressof Sumof Mean F value
freedom squares square

Between seasons 2 479 2.40 0.02
Between stations M 027 0025 00034
Residuals 22 16441 746

Total: 35 169.17

* P<0.05 (significant at S%level) **P< 0.01 (Significant at 1%)



~ Tble 51. Monthly varlation in Sediment molsture.(_"@;tthp study sites during Sept '94- Aug.'06
Months Ssep_xpzsj Oct. | Nov. | Dec. |Jan.-95| Feb. |March| Apri | May_ | June | July | Aug. Mean
- tations
1| 1490 | 1320 | 12.00 | 1300 | 1290 | 1260 | 1200 | 11.50 | 1110 | 12,50 | 1410 | 1290 | 12.80
2 | 3560|3150 | 31.30 | 31.20 | 3200 | 2190 | 3210 | 2690 | 2060 |a3180| 3420 | 3130 | 56.89
3 | 3320 32 20J 3620 | 38.00 | 3430 | 2420 | 3420 | 2080 | 1660 | 31.90 | 3260 | 31.60 | 3193
4| 2020|2060 | 1680 | 17.80 | 17750 | 1890 | 1750 | 17.00 | 3580 | 19,30 | 1820 | 1970 | 19.94
5_ | 36203420 | 41.00 | 4220 | 4330 | 2030 [ 3680 | 36.20 | 25.20 | 28.60 | 37.20 | 31.50 | ~35.98
6| 3130 | 20.30° | 32.00 | 32.00 | 40.90 | 26.50 | 2810 | 3660 | 25:9C | 28.20 | 29.60 | 29.50 | 31.08
7| 3280 | 3630 | 37.80 | 39.90 | 40.80_| 38.90 | 36,50 | 41.00 | 40.10_| 42,00 | 40.90 | 40.60 | 39.57
8 4310 | 4030 | 41.00 | 4320 | 3490 | 4080 | 4120 | 3790 | 2620 | 4010 | 4180 | 4270 | 3952
0 3020 2010 1210 | 31.20 | 3350 | 2030 | 2060 | 2620 | 2720 | 2820 | 2050 | 3010 | 2093
10| 3¢.30 | 3510 | 37.60 | 37.90 | 2280 | 27.70 | 3690 | 37.20 | 33.90 | 3590 | 36.50 | 3650 | 3563
11 | 2¢30 | 21. 104 23900 | 2280 | 39.00 | 2320 | 2280 { 2150 | 2210 | 2260 | 2420 | 2510 | 2480
12 | 2860 | 3300 | 3820 | 27.20 | 3320 | 2860 | 3810 | 21.50 | 3480 | 27.80 | 37.20 | 3760 | 33.48
_ Table 52. Monthly variation in Sand (%) at the study sites during Sept. '94-Aug®s | | |
Wonths|Sept. 84 Oct, | Nov. | Dec. |Jan-95| Feb | March | Aprl [ May | June | July | Aug. [Mean
Hatiens
1 | 78.80 | 7520 | 7040 | 68.10 | 7250 | 7280 | 4510 | 50,10 | 7420 | 42,00 | 52.00 | 57.€0 | €307
2 151,20 | 43.40 | 4420 | 40.10 | 4550 | 4520 | 4410 | 37.80 | 3010 | 3330 | 26.10 | 2020 | 38.43
3 | 4750 | 4410 | 4320 | 3920 | 4520 | 4200 | 3650 | 3200 | 24.4c | 2160 | 2420 | 3000 | 3583
4 56.40 | 6590 | 6520 | 6210 | 6820 | 66900 | 7950 | 7550 | 7560 | 7850 | 7650 | 8300 | 71.03
5 7350 | 70.80 | 8950 | 67.50 | 7480 | 7550 | 2440 | 2860 | 2550 | 24. 20, 2660 | B100 | 5368
6 8010 | 7200 | 5620 | 7060 | 7580 | 7550 | 6040 | 6300 | 6000 | 8500 | d6s0 | B2 m 67 08
7 7450 | 8010 | 8450 | 7120 | 7220 | 7310 | 9750 | 2610 | 2160 | 2060 | 6560 | 815 253
8 |81.20 | 67.80 | 6590 | 61.80 | 6520 | £8.00 | 2550 | 2500 | 2050 | 22.90 | 68.50 7960 15348
g | 7680 | 81.90 | 4210 | 61.20 | 72980 | 7690 | 2290 | 2210 | 2350 | 2280 | 3340 | 3220 | 47.39
107 | 7190 | 7130 | 7210 | 6220 | 6780 | €080 | 7220 | 6550 | 266C | 8950 | 72980 | 83Z0-| €7.12
1U 7000 | 5740 | 010 | 4050 | 27850 | 7020 | 0260 1 6010 | 6650 | 8210 | 5750 | 8BS0 | 68 40
12| 8180 | 8160 | 7350 | 7580 | 8060 | 2650 | 32900 | 2010 | 2610 | 27.80 | 3550 | 2060 | 50903







