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OBJECTIVES

1. To establish the spatiat and temporal variation of the following factors in the %ali

river during the pre-construction period of %adra dam and pre - operational period of

the KaigaJLtomic (Power (Plant.

a. Jtydrologicalparameters

6. SedimentoCogicalparameters

2. To record the composition and distribution of the following biotic elements in the

%ali river during the pre-construction period of Kadra dam andpre-operationalperiod

of the XaigaJAtomic (Power (Plant.

a. 9/Licro organisms of water and sediment

b. (phyto andZooplan^ton

c. (Benthic meio and macro fauna

d. Tishfauna

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

bioassaying on selected riverine species.



INTRODUCTION:

Estuaries are common features of our coastline and have been during the last

several thousands of years. Because of their abundance, their high primary

productivity, the large population of commercially and recreationally important

species of finfish and shellfish 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

approximately 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 Bloom (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 for 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 called Digga in Supa taluka and

after meandering about 184 km drains into Arabian sea, is one 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 plankton 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 environmental 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 help 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 estuarine axis, backwaters, mangrove swamps, fringing mangroves,

creeks and cazhani 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 before

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 the natural functioning

of the fragile environment would damage the fishery of che area, apart from

causing ecological imbalance.

With this rationale, the present study was initiated , keeping in view the possible

impact of the 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 impact 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 decades 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 szatistical comparison between pre operational and operational

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

main ecosystem 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 strengthened 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, Svntheri 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 aquaculture.lime 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, Sunken, Kadwad, Siddar and Wailwada areas with

more than 20 acres of mangrove area in and around Mavinahole creek, Kanasgiri,

Hottegalli, Sunken 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 this 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 study 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 ippt 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 is 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 silty 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 southern bank of the river Kali. A sparse
i

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 salts. 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 years), diurnal samplings were made from stations

2,3,4 & 5 and monthly collections 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 all sampling

devices, sample collections 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 and sedimentological

parameters which would subsequently help in understanding the water quality

and substrate suitability for biotic organisms. water temperature,

salinity.dissolved oxygen, ph , suspended load (matter), VEC (Vertical 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 Winkler's method (USEPA, 1983). Water pH was

measured electrometrically using glass calomel electrodes (Systronics model) .

suspended matter was determined by filtering 1 litre of the water sample

through pre-weighed millipore (0.45 jam) 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 rrfeasured 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-d-naphthyD-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 Mclntyre, 1971). The

percentage composition of sand, silt and clay was determined by wet sieving the

sediments followed by the pipette analysis (Holme and Mclntyre,i97D. The results

were plotted on triangle diagrams (Eltringham ,1971; Holme Mclntyre ,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 samples

were analysed 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 quantitative and qualitative purposes of zooplankton.

After diluting the sample to a known volume, an aliquot of 1 ml sub sample was



12

transferred to sedgewick's rafter plankton counting chamber and zooplankton

were identified and quantified. The total number of organisms in the sample

were estimated and the results were expressed as number of organisms per cubic

meter of water (No/m3) respectively. The bbmass 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 middle 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 half 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 out 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 cm2 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 500|i mesh size of the sieve were treated as the

macrobenthos whereas the organisms collected between 62|i to 500p. mesh size

were considered as meiobenthos respectively (Holme & Mclntyre, 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 shellfish:

A drag net 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 collected 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 down 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 (Colwell 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

collection, 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 collection of the sample 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 50 g

Beef extract 25 g

Glucose 10 g

Sodium chloride 65 g

Agaragar150g

Distilled water 1000 ml

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 50 g

sodium chloride 50 g

Neutral red 0.075 g

Agar agar 120 g

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 slowly 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 ml distilled water and boiled slowly to mix well.

sterilization 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 two 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 coniform were done indirectly by using

pour plate technique. As the number of bacteria occurring in the nature is in very

large quantity, it is very difficult 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 ml has now been diluted to 1/10 =

10"1. This step was repeated with each new sterilized pipettes. Thus five series of

dilution was considered for the study.

Pouring plate technique:

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 - 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/ml =

Dilution factor
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For sediment analysis, a known weight (1 g) 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 ml (No/100 ml).

Preparation of pure culture:

Determination of morphological & physiological characteristics of bacteria is

possible only after the preparation of pure culture i.e, the population of only one

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

or on the petridishes.

in the sterilised test tubes, melted 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.

cram staining of bacteria:

Cram 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 culture 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.
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Sampling Sites:

# 1 i Kodsalli

# 2 : Devkar

# 3 : Marad

# 4 : Kadra

# 5: Hotegali

# 6 : Balni

# 7 : Halga

# 8 : Khervadi

# 9 : siddar

#10 : Kinnar

#11 : Sunkeri

#12 j Kodibag

Fig. D. Map showing the location of study sites

along the river KALI.
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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 role 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 ultimately decide either

the sustenence and propagation or ecological 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.

Water temperature:

It is one among the most important abiotic parameters controlling the survival of

the living components of an aquatic 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 range of 25.3 - 30.7°C, whereas the lower range was observed during the

monsoon period (23.6°C - 29.5°C) with a fall in temperature during pre monsoon

to south west monsoon. Hence a variation of 5.4 °c and 5.9 °C 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 - 29.16° c (Table 1

and Figure 1); 26.63 - 28.81° 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 controls 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 results (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 the 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.
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Dissolved Oxygen:

The parameter studied was quite appreciable which never recorded below 2 ml/l

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 dissolved 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/I 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 ml/l) and pre monsoon 4.2 - 5.2

ml/I). 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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contribute 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 ml/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.

PH:

pH of a water body is a factor giving an idea about the amount of precipitation

and solubility of different salts 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 oscillation 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

little between the stations implying of a pure and normal condition of water.
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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 following 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 5,15 & 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/l 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 yearly increase in the average

values.

An analysis of variance (Table 25A) validates 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 derivedv 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 animals for their

development and also as an important constituent 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 Po^P at stations

located at the upper reaches of the river is higher than at the stations of
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downstream of the river Kali. The concentration of P04-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 jag at / I ; 0.72 - 2.43 \xg at/I

and 1.16 - 9.81 |ig at/I 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 27 A).

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 |ig at/I; 0.24 - 2.89

l̂ g at/I and 2.90 -12.35 fag at/I 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 significantly 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 less 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 (j,g at/I and 0.6 -1.69 ^g at/I 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 \xg at/I (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 values 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

nutrients, 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 only 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
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sustenance of the organisms harbouring therein and hence attain much

importance iaits study over a period of time and space, sediment also plays an

important role in the storage and release of nutrients into the water column, the

mineralisation of organic bottom deposits by various kinds of microbes also

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, composition, 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 organisms, 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 to 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) - 30.84° C (May) in 1992-1993; 24.80 (December) - 31.4O°C (April) during

1993- 94 and 24.10 (December) - 29.90OC (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 ° c (§2) - 28.58 ° c (#3); 26.18°C (#1) - 28.65°c

(#12) and 26.34°c (#1) - 27.67°c (#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 upstream

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 (August) - 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 (# 8); 2.71 (# 1) - 4.63 (§

8) and 2.81 (# 1) - 4.13 (# 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
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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 resulting

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,i992 to August,i995.
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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 minimum of 20.50% (May) at § 8 during

the third year of 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 percentage 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 (September) - 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 year 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 high percentage during the months of September to

February as opposed to the 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 annual

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.
i

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 productivity 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).
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Phytopiankton occupies the base of the food chain in an aquatic biotope and their

fluctuation in density 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 phytopiankton are the Coscinodiscus, Chaetoceros

decipiens, Nitzschia closterium. Ceratium sp. whereas Rhizosolenia stolterfothii,

Bidulohia sp., Peridinium sp., Noctiluca sp. and Pvrocvstis sp. were occasionally

found. It was interesting to note that, the blue green algae {Trichodesmium

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 phytopiankton

(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 Chlorophyceae (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 (July) - 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. Also, 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 eaas,

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 (Tintinoosis sp., Globiaerina sp., Favella sp.), coelenterata (Hydromedusae

sp.), Cooepods {Acrocalanus sp., Paracalanus sp., Centropaaes sp.,

Pseudodiaptomus sp., Acartia sp., oithona 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, Penilia and Evadne have been found to be
i

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 hvciromedusae, ctenoohores, and chaetoanaths 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
v

(No/m2) ranged between 178 (September) - 9898 (May); 812 (July) - 9894 (November)

and 891 (JUly) - 7321 (November) respectively. The annual average (No/m2) ranged

between 1329 (§ 2) - 3188 (# 12) during 1992 -93; 1270 i§ 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 monsoon were registered with higher

concentration of zooplankton population. 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
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(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 only 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 (No/10 cm2) 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 cm2)

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 individual taxa during pre monsoon

followed by an enormous faunal elimination during the monsoonal months. High

densities 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 silt 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/m2) varied between 15 (September) - 3628 (April) during 1992 -93; 10

(September) - 620 (July) during 1993 -94 and 25 (September) - 415 (April) during the

year 1994 -95 respectively. An annual average (No/m2) values during the same

period were of 88 (#2) - 819 i§ 7); 79 (2) - 306 (#11) and 62 (§ 1) - 273 (§ 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 higher 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 silty sand substratum as they were found

in maximum numbers, such deposit feeders 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,

Paohia malabarica) while villorita cvprinoides preferred a low salinity regime (in



upper reaches of the river) and sandy substratum as evident from the density.

Salinity and nature of substratum are the most 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 report 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 fauna! 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

colonisation during post monsoon, followed 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.



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 also classified as Psychrophilic (can withstand temperature

of 0°C to 20°C); Mesophilic (can withstand temperature of 20°C to 45°C) and

thermophilic (can withstand temperature of 45°C - 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 total 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, vas 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 microbiai samples. The

bacterial population (No x iO5/ml) during the period of 1992-93 ranged from

0 (March) - 347 (July); 0 (September) - 896 (July) and 0 (September) - 486 (July) in

water whereas 0.7 (March) - 4522 (August); 3 (September) - 2490 (July) and 2

(September) - 432 (July) in sediment (No x iO5/g). This is in agreement with other

workers such as Rao (1981) who reported bacterial load In the range of 8.0 x i04/ml

to 1.24 x iO9/ml from Zuary riverine system. Similarly, Polombo & Ferguson (1978)

noticed bacterial density in the range of 1.95 x 105 to 1.89 x io6/ml. 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 bacterial genera encountered In all the stations were the same with the

difference in the density. The bacterial genera noticed were of Bacillus.

Micrococcus. Pseudomonas, Alkaliaenes, Enterobacter. Flavobacter. Acinatobacter.

corvnebacterium. 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. Alcalioenes and Corvnebacterium and sediment samples of,

Micrococcus, Bacilus and Corvnebacterium. 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

corvnebacterium followed by gram -ve bacteria, namely Alcaliaenes,

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 VenuCopalan 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 (Bacillus, Staohviococcus & Micrococcus) and 100%

of gram +ve in sediment {Bacillus, Lactobacillus, streptococci) from freshwater

culture pond. According to Nair and Lokbharathy (1982) Pseudomonas was the

major genera followed by Acinetobacter, Alcaliaenes 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



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 corvnebacterium)

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 Alcalioenes, Bacillus. Micrococcus and corvnebacterium

(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, sediment organic matter, grain size and rainfall to which

it is exposed. Microbes, both in water and sediment samples varied significantly

both over the seasons and between the stations (except for water) at different

significance 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 values 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 fish; 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 of the 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 composition 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, Stenooobius sp., Ambassis commersoni, Cvanoolossus

punticeps and Muail ceohalus 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 SQ/llA serrata, Metaoenaeus dobsoni 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. £ monodon found

to occur only at the stations downstream near the confluence zone of river and

sea. £. serrata, Carridean prawns, M. dobsoni, Metaoenaeus monoceros,

Metaoenaeus affinis, P. memuiensis 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 monsoona! months, while M. dobsoni and £.

serrata found to contribute maximum density in the upper reaches, P. memuiensis

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., £. 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 oscillation 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°C while during

the south west monsoon period the mercury level dipped to 23.5°C and oscillated

tween23.5°C to 25°C. in both the seasons the trend of variation of this parameter

was more or less uniform. As typical of tropical river waters, the temperature

readings ranged from about 23.0°C to 30°c. 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 1°C to 3.0°C than the atmospheric temperature.
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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 freshwater 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 S.O - 6.9 ml/l) than night (about 3.2 - 5.9 ml/I) 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 all the stations which is mainly due to rainfall

and consequent land runoff. The values varied between 0.12 g/l (#2) to 0.41 (|3)

during post monsoon; 0.11 g/l (#4) to 0.29 g/l(#5) 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 population is given in the

table 103. it was observed that the zooplankton 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 ml/m5 during the different seasons.

The population density of zooplankton varied from 432 (#5) - 12784/m5 (#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 uniformly

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,
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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 as 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 (Kodasalli), station 2 (Devkar), station 3 (Marad),

station 4 (Kadra) station 5 (Cotegalli), station 6 (Balini), station 7 (Kerwadi), station 8

(Halga), station 9 (Siddar), station 10 (Kinnar), station 11 (Sunken) 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

hydro'graphic 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

thereafter gradually during the post monsoon period. A slight change in the

mercury level has been noticed 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 sample

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 monsoon period and

increasing trend during the monsoon periods may be due to the land runoff

which contains lot of terrigenous material.

Among the three seasons, higher values of suspended load was noticed during

the sw monsoon period in all the study sites and there was an appreciable

difference noticed between the upsrtream and downstream stations.

i

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. There was no marked difference in the distribution of nitrite and nitrate

content between the stations and seasons. Silicate-silicon recorded high

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

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 in water attained

at this time through the abundance of nutrients which was due to the land

drainage and upwelling and also 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 larvae which in turn support a very

good fishery resources of commercially 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 common macrobenthic forms encountered were foraminifera, polychaeta,

gastropoda, bivalvia, herpecticoid, cumacean, tenaeidaceae, 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, Alcalliaenes. pseudomonas whereas
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the estuarine station samples harboured more of gram +ve bacteria like vibrio,

Moraxella. etc. v 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 influenced 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 f inf ish 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 f inf ish 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 £ 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 a 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.

Dissolved 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,

Ctenoohore. Crustaceans, Cladocerans, Amphipoda and larval forms of

invertabrates and vertebrates, in all the stations during three seasons Copepods

varied much on diel cycle among the zooplanktons both in terms of numerical

abundance and species diversity. Totally 21 ispecies 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

1
2
3
4
5
6
7
8
9

10
11
12

Sept.92

28.10
27.80
28.20
27.20
30.10
28.50
29.50
28.20
28.40
28.50
28.10
28.00

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.

24.60
25.40
25.60
25.50
27.00
26.80
28.50
26.20
25.50
24.60
27.40
27.80

Jan.93

24.30
25.80
25.10
24.30
26.80
27.20
25.00
25.10
25.80
26.80
28.00
28.00

Feb

24.00
25.20
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

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

July

24.70
24.40
24.80
24.80
25.00
29.20
23.70
28.50
24.40
25.80
25.20
25.50

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

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

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

Months
Stations

1
2
3
4
5
6
7
8
9

10
11
12

Sepf92

0.27
0.24
0.29
0.28
0.24
0.27
4.00
4.10
0.28
1.20

21.30
26.20

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."9

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.

O . ^
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

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

0.30
0.30
0.10
0.10
0.20
0.30
0.10
0.10
0.30
0.40
1.20
4.87

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'

0.25
0.22
0.23
0.20
0.22
0.27
1.12
3.34
3.83
3.92

21.20
25.75

en
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Table 7. Monthly variation in phosphate (ug at/I) at thj^study s$es during Sept.92-Aug.93

Months Sept.92
Stations

1
2
3
4
5
6
7
8
9

10
11
12

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

Oct.

0.22
0.80
0.20
0.34
0.48
0.30
0.34
0.05
0.10
0.10
0.10
0.70

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

Dec.

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

Jan.93

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

Feb.'*

3.21
0.24
0.38
4.80
3.20
2-1^
0.25
3.10
0.01
2.50
0.35
0.80

March

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

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

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

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

, 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

Aug.

1.12
1.72
1.30
0.90
0.82
0.77
0.82
1.45
0.87
1.80
0.87
1.17

means

1.10
1.17
1.09
2.37
1.48
1.08
1.30
1.95
1.50
1.60
1.26
1.87

Table 8. Monthly variation in nitrate £ug at/I) at the study sites during Sept.92-Aug.93

Months
Stations

1
2
3
4
5
6
7
8
9

10
11
12

Sept.

1

4
0
0
0
1
0
1
1

0
0
0

"92

.00

.60

.62

.58

.32

.86

.23

.92

.05

.37

.04

.03

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

0.50
0.48
0.08

10.41
0.06
0.03
0.42
0.68
0.05
0.70
0.55
2.10

Dec.

8.01
8.65

10.82
10.52
1002
9.45
1.43
2.23
2.72
1.90
0.95
1.01

Jan'93

1.92
8.55
4.57
0.91
1.12
1.52
0.75
0.45
0.86
0.25
0.02
0.06

Feb.

0.45
7.89
0.06
0.03
0.12
0.15
0.23
0.31
0.63
0.08
0 2 8
0.07

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

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.

8.21
8.81
8.02
8.01
8.00
8.02
8.80
8.80
8.82
7.60
8.01
8 4 0

June.

20.40
20.91 .
21.20
20.00
21.10
21.04
20.08
20.40
19.60
19.71
18.41
19.60

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.

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

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

us
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Table 21A. Analysis of variance ( ANOVA ) values for water
temperature between the seasons and stations

source of variation Degrees of sum of Mean F value
freedom squares square

Between seasons

Between stations 11

Residuals 22

17.64

14.25

13.89

8.82

1.30

0.63

14.00**

2.06

Total: 35 45.78

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

Source of variation Degrees of Sum of Mean F value
freedom squares square ~

Between seasons

Between stations 11

Residuals 22

0.99

1.94

1.62

0.50

0.18

0.074

2.43*

6.76**

Total: 35 4.55

* P<0.05 (significantat 5%level) **P< 0.01 (significantat 1%)



Table 21

Months
StLitiOlii

1
2
3
4
5
6
7
8
9
10
11
12

Table?

Months
Stations

1
2
3
4
5
6 ~
7
8
9
10"
11
12

Monthlywariation in Water temperature (°C) at tho s.

SepL-94

26^40
26.60
26 80
27.30
27" 50
28.40
28.90
28 90
29 00
28 70
28 60
28.90

> Month

Sept. 94

0 03
0 00
008
0.03
006

" 0.08 "
420
8 60
8 80
12.40
18.30
20 60

Oct.

26.80
26.70
26 90
26.90
27" 10 '
27.20
27.40
27.50
2810
28 20
28.40
2860

y variatic

6c\.

"o"O(5
0 08
0 03
00(3
0 08
boa "
0 60
0 80
6 20
8 40
9 30
11.60

Nov.

'20.60
26.70
27 00
27.10
21.30 '
27.50
28 60
2800
28 40
2860
29 10
29 50

n in Salir

Nov.

003
0.03
0.05
0.08
0.03

"b"06'"
8 60
9.20
1280
14 30
21.60
29 00

Dec.

25~80
25.90
21110
2(3 40
26 50
2390
27.30
27.70
28 40
29 30
2390
23 60

iity(%o)

Dec.

003
0.06
0 03
0.06
0.08
6" 03 "
7.40
4 60
1280
25 10
2880
30.40

Jan ,95.

"27 30
27 50
27 40
27.70
27.90
2340
2330
2370
29 00
"29 40
29.20
23.90

at tho 6t

Jan.-95

0 03
006
0.03
0.08
0.06
Q 05 "
420
9 80
12 30
17 80
21.40
31.80

Feb

27 60
27 60
27 80
27.90
28 10
28 00
28 40
28 60
28 80
29 10
2920
29 00

idy sites

Feb.

0 03
0 06
0 03
0 03
0.06

' 0 0 6 "
8 20
10 10
11 60
18 80
27 80
31 40

tudy sites during Sept. '94- Aug.'95

March

28 00
28.10
2840
2850
:>8.76
26.6Q
29.40
29 60
29 70
29 90
30 00
29 80

.luring Si

March

0 08
0 06
0 03
0.03
0.06
1 00
1230
16.40
21.50
24 80
30.50
32 60

April

27.60
27.90
26 20
26 50
26 90
29 50
29 60
2980
29 90
29 80
29 00
29 60

ipt '04- A

April

0 00
0 08
0 08 "
006
0 06
0 08
11.60
14 30
16.10 ~
22 60
27.40
31.10

May

28.30
28.40
20 60
2890
2910
29 40
29 60
29 70
29 90
30 00
30 10

"30'20

DO '0!5

May

0.08
006
0.03
0 03
0 06
0 03
Q30
aoo"
9.70"
10 80
24.70
30 80

June

~27?80"
27.80
27 90
28.00
28.40
28.40
28.50
28"60
28.90
29.10
29.4D
29.70

June

003
0 0 3
0.06
0.06
0.03
0 08"
008
~4.30"
5.80 "
6 00"
19.70
30.40

July

27.10
27.40
27 60
27.80
2800
2820
28 60
28 90
29.00
29.10
2890
28.80

July

0 0(3
0 03
0 03
003
0 03

"ooa"
0 06
0 08
0 08
0 08
0 08
0 06

Aug.

26 90
27.00
27.10
27.30
27.60
27.60
27.90
28 40
28 60
28 90
20. SO
2860

Au£j

006
0.06
ooa
0.08
003

'""6!ba"
0.06
0.06
0 06
0 03
2^80
5 1 0

Mean

"27.18
27.30
27.48
27.69
27.93
28 21
28 54
28 70
28 98

"29 18
29 18
29 20

Mean

005
0 0 6
0.04
0.05
006
0.14
530
7.19
9 98

1343
1937

"23.74



Table 23. Month!

I . .
MonthsjSepJ. 04Stations

1
2
3
4
5
6
7
8
9
10
11
12

Table 2

5 20
5.10
500
4 00
490
4.20
4.60
4 0 0

I 4.20
[4 .50
I" 4.66

3.90

4. Month

MonthsjSept. 94
lit.itioini

1
2
3 "
4
5
6
7
8
9
10
11
12

7 50
7.40
760
7 20
7.30
7 5 0
7.60
7.50
7.60
7.70
7.00
800

y variation in Diss

Oct.

540
5 20
5 00
5 10
5 20
4 80
4 90
5 0 0
490
4 70
4 80
4 4 0

y variatic

Oct

7 00
7 30
7 20
7 50
7 60
7 30
7 60
770
7 8 0
760
7 90
810

Nov.

5 60
5.40
520
li.10
5.00
5.40
5.30
5.20
5.10
5.00
4.70
4.80

n in pH e

Nov.

7.00
7.10
7.20
7.40
7.50
.7.40
7.60
7.80
7.90
7.80
7.00
8.00

olved Ox

Doc.

5.20
5.00
510
400
490
430
5.30
4.70
4.20
4.10
3.60
400

t the stu

Deo.

7.10
7 40
740
7.30
7.40
7.40
7.60
7.50
7.70
7.80
7 90
8.10

yfjon (ml/

Jan.-9o

5.10
540
5 30
4 / 0
4 90
3.80
4.60
4 90
5.20
5.00
4 80
4.10

dy sites c

Jan. 95

7.30
730
7 20
7.10
7.30
7.20
740
7 50
7.60
7.70
7.80
810

I) at In a s

Feb.

5 00
5 00
5 20
5.(X)
400
4.70
4.20
4.50
4.00

l 4 50
3.90
3 00

luring Se

Feb.

7.20
7.30
7 40
7 50
760
7.80
7.90
780
7.80
780
7 90
800

tudy site-

Ma re 11

5 20
5 00
4 20
5 10

5.00
4.90
4.80

4.20
4 00
3 80
4.20
4 30

it ' 9 4 - A

March

7.00
7.20
7 10
7 30
7 40
7 5 0
7 60
7.70
7.80
7 60
7.90
8 10

5 during £

April

5 30
4 00
5 00
4 80
4 20
440
4 70
4 0 0
3 90
410
4 00
3 80

ig '95

April

7.10
710
7 20
7 40
7 50
7 40
7 60
770
7 00
790
7 90
8 00

Sept '94- /

May

4 90
4 HO
es 1 0
!5 00
4 70
4 90
4 80
4 40
4 60
4 20
3 80
4.00

May

7.40
7 50
7.40 >
7 30
7 20
7.50
7 60
7.80
7 9 0
7 80
7 90
810

Kug'95

June

5 3 0
4.00
4 80
4 6 0
4.10
4 00
4 3 0
4.10
4.00
3.90
3 8 0
4.80

_ . . _. —

June

7 0 0
7.10
7 30
7 5 0
7.40
7.50
7.60
7.70
7.60
7.80
7.90
8 0 0

July

5 40
5 00
4 60
4 80
4 90
420
4 60
4 90
440
4 80
4 20
4 00

July

7 00
7 00
7 1 0
7 2 0
710
7 20
730
7 40
750
760
7 70
8 00

Aug.

560
5.10
5 30
4.90
4.20
4.60
4.00
4.80
3.90
3.80
4.00
3.60

Aug.

7.00
7.10
7.20
7 1 0
7.30
7.40
7.50
7.60
7.70
7.80
7.90
8.10

Mean

5 27
507
4 08
4 91
4 73
4 5 2
468
4 6 3
4 3 7
4.37
4 15
4.11

Mean

713
723
7.28
7 32
738
7.43
758
764
7.66
7.74
788
805

CO



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

source of variation Degrees of Sum of Mean F value
freedom squares square

Between seasons

Between stations

Residuals

11

22

Total:

1.33

0.09

1.18

2.50

0.67

0.008

0.054

12.40**

0.15

Table 25A. Analysis of Variance ( ANOVA ) values for suspended
load between the seasons and stations

source of variation Degrees of Sum of Mean
freedom squares square

F value

Between seasons 2

Between stations 11

Residuals 22

Total:

0.53

0.56

1.29

0.27

0.051

0.074

2.38

4.58*

0.86

•* ?<0.C5 (significant at 5%leve!) **P< 0.G1 (significant at 1 %



Table 2C

Months

1
2
3

"' 4
5
0
7
8
9
10
11
12

Tabled

Months
Sttaticns

1
2
3
4
5
6
7
6
9
IO
11
12

>. Monthly variation in Sus

Sept. 94

054
1.58
1.58
1.59
1 63
1 01
1 60
1.61
1.68
1.71
1.87
1.86

). Month

Sept. 94

0 18
0 16
0 14
0 19
0.14
0 13
0.11
0 10
0 13
0 18
0.19
016

Oct.

078
0 79
0 81
0 83
0 84
0 8/
0 82
0 80
0 91
088
0 96
0 97

y variatio

Oct.

0 11
0 10
0 14
0 09
012
010
0 08
0 10
0 11
0 09
012
011

Nov.

0.32
0.33
0.33
0.35
053
0 39
0.31
035
0 33 '
0 52
053
0.53

n in V.E.

Nov.

0~14
0.12
0 10
0 11
0.15
0 11
0.14
009
0 03
011
0.10
0.13

>ended load (y/l) i

Dec.

0 80
0.81
0.86
0 85
087
0 89
0.84
0^85 ~
0.80 "
0 98
0 97
0 96

0. at the

Dec.

'0.16"
0.11
0 10
0.09
0 08
0.10 '
0.12
011
0.14
0.10
011 "
0 09

Jan.-95

0.51
0.54
0.56
0 57
0 59
0 50
055
0 46
O"47
0.72
0.79
0.78

j study si

Jan.-95

0 09
0 08
0 07
008
0 09
0.10
0 09
014
015
012
0 11
0.13

at the study sites during Sep

Feb

0.02
0 63
0 62
d 61
0 64
0 (k>
0 60
0 69
0.75
0 79
0.81
0 82

tss durinc

Feb.

0.10
0 11
11 09
0.14
0 11
0.10
009
0 08
0 06
0 00
0 10
010

March

0.46
0 44
0 45
0.48
0 49
0 52
0 50
0 51
0 49
0 66
0 64
0.69

I Sept. "'9

March

0 08'
004
0 06
007
0 04
0.08
0 09
0 06
0 07
0 08
0 08
0 1 0

April

0 39
"'38
0 39
0 34
0 35
0 39
0 41
0 44
0 46
0 52
0 53
0 58

4- Atig.'O

April

0 06
0 07
0 00
0 09
0.10
O i l "
0 09
0 09
0 08
0 09
0 08
0 10

t. '94- Auc

May

0 41
0.44
0 40
0 41
0 44
0 45
0 42
0 47
0 48
0 53
0 58
061

May

0 09
0 08
0 00
0 07
008
0 09 " '
0.10
0.11
0 09
0 08
0 07
0 09

.'95

Juno

1 20
1.22
1.21
1 14
1.18
1 11
1 19
1.23
1.21
1.11
1 05
1 04

A ~ " "

June

0 08
0 07
0 09
005
004
0 08
008
0 06
0 09
007
0 09
0 1 0

July

1 82
1 83
1 79
185

"1 83
1 7(3
174

"1 79
188
1 81
1 70
1 69

July

0 18
019
0 15
018
017
019
018
0 21
0 20
014
01 (i
0 2 4

• A £ ~

0.95
0.99
091
0.9t3
"aol"
0.04
ae9
090
0.81
0 84
074
0.73

Aucj.

0.13
0.13
0.20
023
0.18
017
0.19
0.14
OAd '
0 11
0>!4
0.13

Mean

073
0 8 3
0.83
0 83
0 86
0 84
0 83
0 64
0.86
0 0 2
0 9 3
095

- . —

Mean

0.11
0.11
0 11
0 12
011
0.11
0.11
0.11
0.11
011
0.11
0.13

oo
CD



iz'zle 26A. Analysis of variance ( ANOVA ) values for water
v.E.c between the seasons and stations

Source of variation Degrees of sum of Mean F value
freedom squares square

Between seasons

Between stations 11

Residuals 22

0.15

0.18

0.14

0.08

0.02

0.0064

12.50**

3.13*

'Ota I: 35 0.47

Table 27A. Analysis of Variance ( ANOVA ) values for water
PO4 - P between the seasons and stations

Source of variation Degrees of Sum of Mean
freedom squares square

F value

Between seasons

Berjveen stations 11

Residuals 22

rotal: 35

9.12

S.69

5.30

24.11

0.83

4.85

0.24

3.46**

20.21**

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



Table 27

Months
Stations

1
2
3
4
5
6
7
8
9
10
11
12

. Monthly \

Sep.94

6.38
6.57
6.92
6.60
6.63
6 48
6.52
6.46
6.48
6.41
6.39
6 22

variation i

Oct.

8.11
8.16
8.24
8.36
8.28
8.14
8.19
8.09
8.04
8.12
7.98
7.91

n Phosphate-P (ug

Nov.

5:i2
5.18
5.24
5.21
5.14
5.19
5.12
5:14
5.19
5.22
5.09
5:05

Dec.

2.36
2.38
2.39
2.72
2.54
2.38
2.44
2:46
2.16
2:i7
2.08
2:10

at/I) at the study sites during Sept. 94-Aug.95

Jan.95,

4.77
4.79
4.83
4.94
4.71
4.86
4.81
4.76
4.54
4.52
4.44
4.49

Feb.

4.39
4.37
4.42
4.41
4.46
4.44
4.38
4.33
4.39
4.38
4.20
4.16

March

5.16
4.12
4.99
5.11
5.03
5.08
5.11
4.92
4.96
4.97
4.63
4.69

April

3.44
3.43
3.46
3.47
3.48
3.49
3.28
3.41
3.36
3 37
3.39
3.21

May

4:88
4:86
4.89
4:81
4.85
4:84
4.83
4:81
4.79
476.,
474
4:65

June

5.33
522
5.28
5.29
5.30
5.24
5.36
5.31
5.28
5.24
5.11
516

July

9.81
'" 9.46

9.47
9.49
9.42
9.36
9.32
9.41
9.39
9.36
9.31
9.29

Aug.

4.11
4.18
4.11
4.29
4.14
4.19
4.10
4.06
4.25
4.14
3.92
3 87

Mean

5.32
5.33
5.35
5.39
5.58
5.31
5.20
5.26
5.11
5.22
5.11
5.13

Table 2 c

Months
Stations

1
2
3
4
5
6
7
8
9
10
11
12

Monthly \

Sep.94

4.70
5.20
4.70
5.20
5.80
5.00
3.50
2.90
4.70
5.80
5.20
5.80

variation in Nitrate-N (ug at/I'

Oct.

9.40
8.20
7.60

10.00
10 58
11.17
8.82
8.20
7.60
7.05
7.64
5.88

Nov.

11.17
10.20
11.17
10:58
10.50
11:17
10.58
10.00
9.40
8.23
882
9.41

Dec.

9.40
11.17
8:82
8.23
7.05
6.47

10:58
9:41

• 8.23
7:05
6.47
8.23

at the study sites during Sept.94-Auc

Jan.95

12.35
10.58
9.41
8.82
8.82
7.00
9.41

10.00
9.41
8.23
7.05

11.76

Feb.

10.58
11.17
10.58
8.23
9.41

11.16
10.58
11.76
12.35
11.76
11.17
1058

March

11.17
8.82
9.41

11.17
12.35
12.94
10.58
9.41
8.82
9.41

1000
1117

April

10.58
12.35
11.76
10.58
11.17
11.76
11.17
11.17
12.35
10.58
11.76
10.58

j.95

May

12:35
10.58
1176
11 17
10758
9:41

10:58
10:00
1 1 1 7

io:58
8.82
9.41

June

5.20
290
328
5.20
3.58
4.70
4.11
3:58
5.20
4.70
2.90
4.11

July

5.20
2.90
4.11
5.20
4.70
3.52
3.52
2.90
4.70
4.70
5.20
4.70

Aug.

7.64
7.05
7.64
7.05
8.82
10.00
9.40
9.40
10.58
10.00
823
7.05

Mean

9.15
8.43
8.35
8.45
8.61
8.71
8.57
8.23
8.71
8.17
7.77
8.22 CO



^000

Table 28A. Analysis of variance ( ANOVA ) values for water
NO3 -N between the seasons and stations

source of variation Degrees of Sum of Mean F value
freedom squares square

Between seasons

Between stations 11

Residuals 22

44.90

11.33

22.45

0.515

43.60**

1177.02 107.00 207.77**

Total: 35 1233.25

Table 29A. Analysis of variance ( ANOVA ) values for water
NO2 -M between the seasons and stations

Source of variation Degrees of Sum of Mean F value
freedom squares square

Between seasons

Between stations 11

Residuals 22

5.11

9.53

8.66

2.56

0.87

0.39

6.56**

2.23

Total: 35 23.30

* P<0.05 (significant at 5r/oleve!) **P< 0.01 (significant at 1%)
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35

Table 3GA. Analysis of variance ( AMOVA ) values for water
SiO3 - Si between tne seasons and stations

source of variation Degrees of Sum of Mean F value
freedom squares square

Between seasons 2 3873.37 1936.69 18.88*^

Between stations 11 220.80 20.73 0.20

Residuals ' 22 2257.02 102.59

Total: 35 6351.19

* P<0.05 (significant at 5%!eve!) **P< 0.01 (significant at 1%)
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Tahl

Mont
Stat

e 37.

hs Sept '
i o n s
1
2
3
•1
5
6
7
8
9
10
11
12

e 38

hs Si
ions
1
2
3
4
5
{)

7
8
9
10
11
12

10.
1 9 .
1 2 .
1 2 .
10
1 0 .
1 0
10
7
1?
H";

. M

3 1
4 0
?. (.j

1,'.
t !
ii
7
f,
12
0
•/

nth

92

to
4 0
80
3 0
4 0
4 0
3 0
2 0
20
4 0
.60
2 0

>nt!»

1 0 2

. 7 0

.80

. 90

.30
, 4 0
. D O
.1(1)
. 40
,70
.80
.00
, fi 0

1 y v a r i

Dot

17.
2 1 .
14.
14 .
1 1 .
10.
12.
18.
7.
14
31
8

l y >

Oc

8
37
4)
2 3
12
10
7
15
7
13
16
7

*

4 0
20
3 0
2.0
4 0
80
4 0
60
80
90
20
01

/ur

. 3 0

.50

.40

.40

.40
,30

.r.o

.00

.40

.40

.90

.60

at i o n i

Nov

22.
23.
15.
14 .
12.
10.
11.
21.
9.

16.
66.
7

.1

10
40
20
3 0
20
6 0
30
80
60
90
40
80

i a t i o n

Nov.

4
36
44
2 4
15
Hi
10
18
8
15
15
8

.10

.38

.40

.40

.40

. 10

.50

.38

.70

.50

.10

.40

n Si

Dec

26.
27.
17.
13.
14.
11.
10.
V. 8 .
22.
26.
74.
18.

in Cl

Dec

9.
34.
43.
28.
15.
18
10
22
19
25
12
17

It

.

40
20
40
20
20
40
30
80
30
90
10
90

«y

80
40
40
20
60
4 0
50
80
80
70
.00
40

(*)

.Ian1

22,
23.
15
12
13
12
19
24
15
18
63
10

(*)

Jan

5
33
40
23
15
Ifi
7
21
8
16
18
9

at

93

30
40
10
60
20
.40
.80
.80
.70
.00
.40
.90

at

1 03

.00

.20

.60

. 19

.48

.40

.80

.39

.20

.80

.80

.40

the

l''eb

21 .
22.
23.
IB.
18.
1 2.
19.
22.
9.

17.
71 .
8.

the

Fel

6.
35,
36
18
10
17
10
1 0
7
15
11
0

s t u<ly

,

60
6 0
20
12
12
61
16
60
00
60
80
90

S

Mar

41 .
84.
60.
0.

57.
15.
58.
57.
51.
15.
33.
58.

study s

,,

80
20
20
67
84
3 1
. 7 2
.80
.70
.60
.60
.50

Ma r

18.
8.
16.
2.

4

1

8.
fi.
tt.
18.
£5.
L5.
13.
1 5 t

i 1 e

ch

6 9
0 0 '•

80
0 0
50
00
30
50
98
90
0 6
64

Apr

30.
68.
72.
12.
60.
19.
59.
60,
57.
19,
33.
53.

i t e s «1 I.I

ch

9 5
00
12
80
80
SO
00
80
65
50
27
71

Apr

17.
13.
9.
9.

18.
17.
17.
ta.
21.
17.
18.
10.

ring

il

1 1
94
98
7 0
10
7 0
90
10
58
70
62
59

ring

i 1

0 7
01
0 1
80
0 0
0 0
30
10
13
90
04
24

Sept .

May

8. 92
5 9.07
70.09
15.00
73 . 00
21 .70
7 2.80
73.90
54.42
21 .70
3 8.23
53.76

Sept .

May

20.07
12.86
8.01

13.20
0 . 50

20. 80
10.80
0.50

23.34
20.80
12.04
2 2.9 6

92-AuC'

June

46.
54.
71 .
7.

59.
14.
60,
59.
54,
14.
32.
56.

•92-

08
81
01
50
70
00
80
60
35
00
92
18

-Aug.

June

13
13
6
2
17
13
18
17
21
13
14
14

.06

.96

.09

.90

.70

.60

.70

.90

.11

.70

.70

.32

1 93

Jul

29.
58,
6 6.
fi.

12.
13.
13.
12.
50.
13.
30.
56.

'93

JMI

9.
20.
7,
1 .
12
1 1
11
12
22
11
12
10

y

38
09
00
3 0
70
4 0
90
50
74
30
43
88

y

82
01
16
80
50
4 0
00
90
08
40
89
,24

AuB

36.
70.
63.
2.
7.
11 .
7.
6.

48.
11 .
28.
56.

Aug

8.
12.
5.
2.
7 .
0.
6.
6.

21 .
9.
9.
8.

.

00
89
84
7 0
30
7 0
90
80
37
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25
3 3

01
51
10
00
00
4 0
70
50
18
50
02
61

"means

24.
41.
30.
10.
27.
13.
27.
31 .
30.
16,
40.
31.

08
15
81
02
3 6
12
99
17
62
3 8
39
39

"means

10
22
23
14
13
14
12
15
15
15
13
12

.05

.37

.49

. 13

.42

. 3 2

.00

. 18

.54

.28

.41

. 16
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Mont
Stat

Tabl

Mont
Stat

e 41.

hs Sep
ions
1
2
3
4
5
6
7
8
9

10
11
12

e 42.

hs Se<
ions
1
2
3
4
5
6
7
8
9
10
1 t
12

Month

( ' 93

2. 4 8
2.63
3 .3 6
3.93
3 . 3 1
/ . 2 2
3 . 5 1
4.91
3 . 3 6
:\ . G2
4 . 3 9
4.18

Mont U

»t '93

! .44
I . 5 3
t ,95
?. . 2 8
t .92
i . 29
? . 04
? . 8 5
1 . 9 5
7.10
>• . 5 5

? . 4 3

ly

Oc

2
2
3
3
3
2
3
4
3
3
4
3

ly

Oc

l
l
2
2
2
1
1
2
1
?
?
1

yar i

t .

.17

.04

.46

.51

.87

.29

.41

.75

.61

.87

.08

.10

var 1

t .

.26

.65

.01

.04

.25

.74

.98

.76

.98

.25

.37

.80

a t ion i

Nov

3.
4.
3.
3.
3.
4.
1 .
3.
3.
2.
4.
3.

36
80
15
25
31
03
91
56
51
48
55
82

u t i on

Nov

1 .
1 .
1 .
1 .
2.
1.
2.
2.
1.
2.
2.
2.

44
89
95
92
34
11
07
79
83
04
6 4
22

n Sediment

Deo.

2.53
3.20
3.41
3.93
4.03
1.96
3.62
4,70
3.25
3.56
4.60
3.93

Jan1

2.
3.
3.
3.
3.
2.
3
4.
3
3
4
3

In Sediment

Dec.

1 .47
1 .86
1 .98
2.28
2.34
1.14
2.10
2.73
1 .89
2.07
2.67
2.28

Jan

1
1
1
2
2
1
2
2
1
2
2
2

Organi c

94

4 3
3 6
31
95
93
12
4 6
75
20
6 5
44
.77

Feb

2.
3.
3.
2.
3.
1 .
3.
4.
3.
3 .
4 .
3.

O r If an i <•

94

.41

.95

.92

.28

.28

.23

.01

.76

.86

.10

.58

. 19

FeVi

1 .
1 .
1 .
1 .
2.
1 .
2.
2.
1 .
1 .
2.
2.

mat

.

99
20
25
99
51
86
62
70
36
41
44
77

Cll I

,

74
86
89
74
04
08
16
7 3
95
9 8
58
19

ter (*)

Mar cl»

2.53
3.3 6
2.99
4.03
3.67
2.84
3.15
4.75
3.25
2.63
4.65
3.67

I.on ('*>)

March

1.47
1 .95
1 .74
2.34
2.13
1 .65
1 ,83
2.7 6
1 .89
1.53
2.70
2.13

at

Apr

2.
3.
3.
3.
4.
2.
3.
4.
3.
2.
4.
3 .

u<

Apr

1 .
1 .
1 .
2.
2.
1 .
2.
2,
1 .
1 .
2.
2.

the

i 1

63
31
05
87
03
74
51
70
31
84
29
72

1 lie

il

53
92
77
25
3 4
59
04
73
92
6 5
4 9
16

s t udy

May

2.
3.
2.
3.
3.
2.
3.
4.
3.
2
4
3

s

68
3 6
84
89
6 2
63
05
65
20
74
55
72

1 udy

May

1
1
1
2
2
1
1
2
1
1
2
2

.55

.95

.65

.25

.10

.53

.77

.70

.86

.59

.64

.16

si 1tes

June

3
3
3
4
3
3
3
4
3
3
4
4

si

.05

.15

.05

.18

.62

.36

.10

.75

.87

.36

.65

.39

t en

June

1
1
1
2
2
1
1
2
2
1
2
2

.77

.83

.77

.43

.15

.95

.80

.76

.25

.95

.70

.55

dur

.In

3
3
3
4
3
3
3
4
3
3
4
4

dur

Ju

1
1
1
2
2
1
2
2
2
2
2
2

tng

ly

.10

.36

.15

.24

.67

.41

.67

.70

.93

.51

.75

.49

inn

ly

.80

.95

.83

.46

. 13

.98

.13

.73

.28

.04

.76

.61

Sept

Aug

2.
4.
4.
4.
4.
3.
3.
4.
3.
3.
3.
3.

Sept

Aim

l.
2.
2.
2.
2.
1 .
1 .
2.
1 ,
2
1
1

. ' 93-Aug.

.

53
80
86
91
34
2 5
31
60
20
62
3 6
25

"means'

2.
3.
3.
3.
3.
2 .
3.
4.
3.
3.
4
3

71
4 5
32
89
74
73
28
63
42
27
40
82

.'93-Ann.

47
7 9
82
8 5
52
89
9 2
67
86
10
9 5
89

"mei

1
1
1
2
2
1
1
2
1
1
2
2

ins

.53

.93

.94

.26

.21

.52

.99

.75

.96

.95

.55

.22



n
g

g

C H rHf- r— t— co ic w o

<
I

cocooooo^occ
NOiONNNOCHlOt-lfi

• • •
e*:eviT-!cor-t--H»HC3r— ^* to

O.O C5 lO IO 00 lO lO T* f- r-l «•?

i> 3
00 "-5

hi
C

«- C
3 3

CO

co 2

3 -H
+* «p*

cooooooooooo

hi
000000000000 3

N

3 O r t O N C O ' t ^ r - c— cs e»?

c e * M t - ^ N e e t - t— t— 0000
i c

CO 3
O5 >̂ S

COOOOOOOOOOO •*-

c
O O O C O O O O O O O O —i —

ccetfiint-coo^(ON«i C eciflotoof

95

ooocoocooooo •» —— y
«5 u

S! t o
71 U

3

ooocoooooooo —
csHaosHOfinHinoH co t— COOOCJC— c n r -

o '^
£ o
*- C
c s

C-

o c o o o o o c o o c o •»- •«*
OOCWt-mHiHrttHHNN * CS

8> <J
SO 0)

Q
C

o >
-« o
•*- 2
35

cooocooooooo T; ooacccoetsoNCiomN

s o
C«3 •*< 113 CO ^H v*4 O C*J O 00 CO c*» CO O ^ GO 00 O) C3 v-H O C3 00 G3 CO ^*

c
OOOCOOOOOOOO

c
o >
— e

cooooooooooo t-

>> O r- o

•*» c-? c o c o o o o o o c o o *- en

•<t C
01 C " "

-: c

01



3

c-cot-cemoot-ccm
ineNinoocccomcce-

C3 3 cot— m c m m o r — c c o c — c —

I S •

cs "•: *i"coin m « in in m H Mf l

*» Ct-C*03CNONCCf

mt— rtt- N r - r— mcMcom

•1 — t- c rt m t-t«- r— C H t - - —
i. — m in t- a u", n m o f- m >- r-

"*̂  *^ i f t ^1" t*"™ ^r C™" ^^ ^^ '̂ J* **^ ^ *̂ ^^ ^^
••^ w CO ^^ ^O ^^ Lf^ C ^ C** **1^ d»" ^ ^ ^™ **̂

^> ^> ^̂ * CO ^^ i"^ ^^5 * ^ 1^5 1^5 ^ 5 **H c ^ L O

w1 w "̂* O*3 ^5* 0 0 C*™* O*J ^^- ^ J ̂ »- f ^ C * -Tr1

3 C5 t-fflHONfflnNMfilf. C

i£ 3 NNrtNrtrtrtNHHiCH

•-• O

C ^ ^̂ * f™" f^ ^^< QQ ^Ji ^ J ^ f ^^ f*» ^^
^ • ¥™H l ^ t O ^^ ^5* CN3 ^^ ^ ^ "~̂  C*1^ ^^ ^ ^
c >
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Table. 47

Months
Stations

1
2 ~

• " 3 " '

4
5
6 "

8
9

~ io "
11

. Month!

Sept. 04

25.90
25.80
25.90
26.00
26.20
26'50
26.80
27.20
26.90
27.30
27.50
28.50

/ yariatio

Oct.

26 90 "
26.40
27.50
27.20
27.40
27~20
28.20
27.50
27.90
28.40
2830
28 20

n in Sedi

Nov

24 50
25.30
25.50
25.70
25.80
26CJ0~
26.10
25 20
25.50
25.80
25.90
28.50

rnentterr

Dec.

24 00
23.90
23.80
24.20
24.30
24.70"
24.90
213.00
23.40
23.90
24.10
24.10

iperature

Jan-95

23 20"
23.40
27 90
27.40
27.20
23 10
27.80
27 50
27.20
27 90
23 00
23 20

(°C) at th

Feb

28 00
2840
27.70
27.30
26.20
28.10
28.30
28.40
28.20
28 60
28 20
28 10

e study s

March

27.90
28 30
27.90
27.80
28.20

"28.70
28.90
2820
28.10
28 00
2820
28 70

sites durir

April

27 60
27.80
27 60
26.10
28.50
29 20
29.70
29 60
29 10
29 80
29.40
29 00

»9 Sept,.'£

May

28 20
29 60
29 90
29.10
29.80

~29 60"
29.90
28.80
29.40
27.00
28 30
29 50

Table 48 Monthly variation in Sediment pH at the study sites during Sept '94- Aug.'95

Months
Stations

1
" 2 ' "

3
4
5

" 6
7 "
8
0
10

" 1 1 "
12

Sept. 94'

7 64
7.14
7.58 J

721
7.39
7.00 '
7.48
7 99
8 20
8 70
820
7 90

Oct.

8 1 0
820
7 90
760
7 50

~7.21
7 90
7 02
7 51
8 23
8 45
7.14

Nov.

7.65
7.01
7.00
7.15
7.20
7.01 "
7.50
7 80
7.21
7.68
790
769

Deo

7.55
7.67
7.02 .
7.20
798
7.10
7.20

Y65
7.25

"7 30
7.30
765

Jan.-95

7 4 0
7.16
7.25
7.26
7.81
7.15
7.11
716
7.10
712
7.20
745

Feb
• • • ( • -

7 50
7.19
7.17
7.29
7.71
7.30
7 06
7.04
7 20
7.75
7 30
7 85

March

7.2S
721
7.10
716
7 83
7 18
7 28
7 36
7 10
7.25
7 65
7 18

April

7 00
7.11
7 28
7 18
7 12
723
7 35
7 58
7 38
7 85
7 87
7 11

May

7 00
7.28
7.26
7.35
7 65

" 7.65
7 58
7 78
7 75
7.98
7 97
7 00

4 : Aug.'9

Juna

2660
27.10
27.30
27^40
28.10
27""90 '
27.20
27.50
27.80
29.90
28.10
28 20

June

7.40
7.66
7.32
801
764
750
781
8 10
821
8.25
B30
838

5

Julv

23.60
24.90
25.20
2530"
25.30
25.40
25.60
24.30
24.50
24.90
25.20
25.90

July

7 61
782
7 83
7 60
7 85
7 61
810
810
7 90
7 10
7 35
7 82

Auc[.

24 70
25.10
25 90
25.20"
25.90
25.70 "
25.90
26 80
25 90
2570
25 60
27.10

8.13
7.97
7.65
7.91
7.93

"&20
7.73
790
8.10
8.20
810
8 25

Mean

26.34
2675
26.84
26.73
27.08

"27.26
27.44
27.25
26 99
27.27
26 90
27.67

Mean

7.53
7~45
7.36
7.41
764
7 35
751
7.70
7 58
7.78
7 80
7 00



-Table 47A. Analysis of variance (ANOVA) values for sediment
temperature between the seasons and stations

Source of variation Degrees of Sum of Mean F value
freedom squares square

Between seasons 2

Between stations 11

Residuals 22

6.74

9.S7

5.37

0.90

27340.00 1242.73

0.002

0.007

Total: 27356.61

Table 43A. Analysis of Variance (ANOVA) values for sediment
pH between the seasons and stations

source of variation Degrees of Sum of Mean F value
freedom squares square

Between seasons

Between stations 11

Residuals 22

Total: 35

1.02

1.42

2085.75

0.51

0.13

2083.31 94.70

0.0054

0.0014

* P<0.05 (significant at 5%!eve!) *XP< 0.01 (significant at 1%)



Table 4?

Months
Stations

1
2
3 "

" 4 "
5
C
7 '

" 8
9 "
10
11

.' r 2

). Monthly variation in Organic matter (%) at the study sites during Sept '94- Aug.'95

Sept. 94

2.12
2.50
3.46
4 90*
3 22
1.00
3 62
3.36
3 46
3.41
3.51
4 31

Oct.

2 02
3 03
3.41
3 69
4 05
53 1 - 1
3 02
4 31 "
3 46
4 91
3 81
334

Nov.

2.14
3.02
664
3.43 "
371
207
3.27
2 34 "
3.41
3.43
3 79 '

"3.81 "

Deo

2.69
3.36
284
^69
4 22
3.36
3.41

"A.27 "
3 52
3.74
341
431

Jan.-95

2 60
3.19
346
3 64
3 76
2.76
3.27

"445
346
3.43
4 22
3.79 "

Feb.

3 36
3.10
2 03
3 19
3 41
2 07
3 27
4 57
3 62

" 3.81
4 22
3 93

March

2 72
2.90
2 84
3 43
3 08
4.65
3.79
4.93
3.36
3 17
4 55
3 79

April

2 81
3 96
2 24
3 41
3 7(1
4 45
3 24
3 95
4.96
3 81
3 48
3 99

May

4.19
288
3.41
2 90
-1 5 7 '
3 79
3.81
362
4 57
4 22
3 76
4 45

Juna

307
3 3 8
2 8 4
391
4 00
381
3 55
4.98
4.26
3 67
489
4.58

Table 50. Monthly variation in Organic carbon (%) at the study sites during Sept '94- Aug.'95

Months
Stations

1
" 2 "
' 3

4

6
7
8

'" 0
10

' 11
12

Sept 94

1.23
1.45
2.00
1.68
1.87
1.10
2 10
1.95
201
1.94
2.10
2.50

Oct.

1 17
"1 76
1 98
2 14
2 35
2 98
1 75
2 50
2 01
2 85
2.21
1.94

Nov.

1.24
1.75
3.85
2.01
2.15
1.20

'i.9Q
1.35
1.99
1.99 "
2.20
221

Dec.

1.56
1.95 J
1.65
214
2.45
1 95

" 1.98
2.48
204
2.17
1.98
2.50

Jan.-95

1.51
1.85
2.01
2.11
2.18
1 60
i.90
2 58
2 01
11 99
245
2 20

Feb.

1.05
1.00
1.64
1.85
1 08
1*20
1.90
265
2 10

' 2 10
2 45
2 28

March

1.58
1.68
1.65
1 99
2 31
1.70
2.20
2 86
1.95
VB4
2 64
2.20

April

1 63
2 30
1 30
1 08
2.10
2 58
1.88
2 28
2 88
2 21
2 02
2 32

May

2.43
1.67
1.98
I 68
2 65
220
2 21
21)0
2 65
245
2.18
2 58

June

1.78
1 96
1.65
227
230
2.21
2.05
2 8 9
242
2.13
284
2 6 6

—

July

3 31
2 84
245
393
3 on
3 7(3
4 1 7 "
4 34
486
3 84
4 52
4 86

July

1 92
1.65
1 42
2 28
2 30

~2i 18
242
2 52
2 82
2.23
262
2 80

_. .......

Auci

2.71
5.00
4.43
3.93
4 0?
3.83
3.77
4.43
3.69
400
3.72
3.77

.A^9

1.57
2.90
260
2.30
268
2.22
2.19
2 5 7
2.14
2.32
2.16
2.19

Vlean

— 2 si
3 2 6
3.41
368
3 04
3.47
352
4 1 3
3.B9
379
3 99
4 08

Mean

1.63
1.69
1 98
2 04
228
103
2.04
2 46
2.25

~----g-

2.32
2.37 t o



Table 49A. Analysis of variance (ANOVA) values for sediment
organic matter between seasons and stations

Source of variation Degrees of Sum of Mean F value
freedom squares square

Between seasons

Between stations 11

Residuals 22

Total: 35

12.67

0.92

485.78

6.34

0.084

22.08

499.37

0.57^

0.038

Table 50A. Analysis of variance ( ANOVA ) values for sediment
organic carbon between the seasons and stations

Source of variation Degrees of Sum of Mean F value
freedom squares square

Between seasons

Between stations 11

Residuals 22

4.79

0.27

2.40

0.025

164.11 7.46

0.02

0.0034

Total: 35 169.17

* P<0.05 (significant at 5°/olevel) **P< 0.01 (significant at 1%)



1

Months
I-'Uitions

1
2
3

~ A "
.... ^

6
„._..

8 "
0
10

11'" '
12'

Months
Stations

1
2 '
3 "
4
t>
0
i

8
0 '
io"
I 1
12

ible 51.

Sept. 94

14.90
35"60
33.20
26720
36.20
'3130"
39.80
43.10
30 20
39.30
29.30
2&60

Monthly

Oct.

13.20
31.50
32.20
20.60
34.20
29730
36.30
40.30
20 10
35.10
21.10
33 00

varlaUon

Nov.

12.90
31.30
36.20
16.80
41.00

~32"o6~
37.80
41.90
32 10
37.80
23 90
38.20

In Sodinr

Dec.

13.00
3120
3(3.00
17.80
42.20
32 00
39 90
43 20
31.20
37.90
22.80
27.20

lent moi:

Jan.-95

12 90
32.00
3430
1750
4330
40.90"
40.80
34 90
3i3!5O
22.80
39.00
39 20

Table 52. Monthly variation in Sand (%) at

Sept. 94

78.80
5120
47.50
56.40
73 50
80.10
74 50
81 20
76.80
71 90
70 00
81.00

Oct.

75.20
43.40
44.10
65 90
70.80
7? 'HO'
((0 10
67.80
81 90
71.30
!>/4()
8160

Nov.

70.40
4420
43 20
65 20
69 £.0
IJO :<o
04 50
65.80
42.10
72 10
!>0 10
73 50

DeC;_

66.10
40.10
39 20
62 10
6750
70 (JO
71.20
61.60
61.20
62 20
4l) !K)
75. HO

Jan. -95

7250
45.50
4520
66 20
7480
7i5 HO
72 20
65 20
72 90
67 80
w no
80 90

sture (%) j

Feb.

~12 60~
31.90
34.20
1890
39 30

"29.50"
38.90
40 80
30 30
37 70
23.20
38 60

l

the study

Feb

7280
4520
4200
66 90
75 50
75 50
73 10
5800
76 90
69 80
71) 20
26 50

at the stu

March

12 00
32.10
34.20
17 50
36 80

~ 28 10
36 50
41 20
20 50
36 90
22 80
38 10

dy siitijs c

April

11.50
29 90
29 80
17.00
36.20
36 60
41.00
37 90
26 20
37.20
21 50
2150

uring S>cp

May

11.10
29 90
16.90
35 80
25.20

~25."9O~
40.10
26 20
27 20
33.90
22.10
34 80

t "94-Au

June

12.50
131.80
31.90
19.30
28.60
28.20
42.00
40/10 "
28.20
35.90
22 60
27 80

sites during Sept. '94- Aug.'95

March

45.10
44.10
36 50
79 50
2440
m 40
07 50
2550
22 90
72.20
(J2 50
32 00

April

50.10
37.80
3200
75 50
26 00
e:> oo
26 10
25 00
22.10
65 50
60 10
29 10

May

"74.20
3010
24 40
75 60
25 50
(10 00
21 60
20 50 >
23 50
26 90
!>!> 50
26 10

June

42X10
33.30
21.60
79"50
24'20
35 00
2060
22^90
22^0
89.50
62.10
27 80

July

14.10
34.20
3260
18.20
37.20
29.60
40.90
4190 "
20 50
36.50
24.20
37.20

- - —

52.00
26.10
2420
76 50
28 60
3G50
6550
6850
33 40
7290
6/50
3550

Aufj.

12 90
3130
31.60
19 70
31.50
2950 '
40.80

"42.70 '
30 10
36.50
2510
3760

Auc|,_

57.60*
20 20
30 00
83 00"
81.00
82 00
81 50
79 60
32.20
83 30
00 M)
29 60

Mean

1280
56.89
31 93
1994
35 98
31.08"
39.57
39"52

' 29 93
35 63
24 80
33 40

— - .

Mean

"6307
"38.43
35 83
71 03
53 66
67 OB
62 5'!
5348
47 39
67.12
<M 40
50 03

oo



Table 53

Months|
Stations

1
2
3
4
5
6
7
8
9
10
11
12

Table 5

Months
Stations

1
2
3
4
5
6
7
8
0
10
11
12

J. Monthly

Sept. 94

11.20
16 50
20 50
12 50
9.80
9.80
12 50
980
11.50
13.60
15 20
680

4. Monthl)

Sept 94

10 00
32.30
32 00
31.10
16 70
1010
13.00
9.00
11.70
1 4 SO
13 90
5.60

variatior

Oct.

14 20
2560
25.10
20.20
1520
1460
13.10
17.50
(5.90
1480
26 50
9 60

variatio

Oct.

10 60
31.00
30 80
13 90
14 00
12 60
6.40
14 70
8 20
13Q0
18.10
860

i in Silt (%) at the

Nov.

16.20
35.50
22 50
16.90
1870
16 80
14.20
21.10
36.20
1610
26 20
1490

n in Clay

Nov.

13.40
20 30
34.30
17.90
11.80
17 00
21.30
13.00
21.70
11.80
23.70
11.60

Dec.

22.10
28 50
26 50
18 50
18.20
13.20
13.80
26 50
23 50
26 90
16 80
14 60

(%) at th

Dec.

11.80
31.40
34.30
1940
14.30
16 20
15.00
21.90
1530
10 00
33 70
9 60

study sites during Sept. '94- Aug.'95

Jan -95

22 10
28 80
22 20
1950
14 60
1360
16.20
2280
16 80
16.60
52 50
11 20

a study s

Jan -&5

5 40
25 70
32 60
14.30
1060
10 60
11.60
1200
1020
1560
20 00
790

Feb.

18~90
26 80
26.90
21.10
16.80
13 20
19 70
26.50
9 80
19.70
40.10
21.20

ites durin

Feb.

830
28.00
31.10
12.00
770
11.30
7.20
15.50
13 30
10 bO
30.70
4230

March

39 60
36 20
4960
11.10
52 60
18 60
43 60
5260
4910
14 60
32 50
52 60

j Sept I

March

15.10
19 70
13 70
9 4 0
23.00
15.00
29.40
22.00
28 00
1 :•> n o

500
14.30

April

23 00
53.00.
49 80
13 10
54.50
56.80.
61.00
53 00
5480
16.70
23 70
49 90

)4 Aiig.'C

April

23 10
920
13 20
11.40
1690
1930
10 90
22 00
23 10
1 7 flO
13 00
20 20

May

7.80
62.00
64.10
16.10
65 50
24.50
61.80 <
70.50
5550
29.80
40.10
50 50

5

May

1800
7.90
11.50
8 3 0
900
15.50
16.60
9 0 0
21.00
43 :M '
4.40
23.40

June

39.50
3560
42 10
7.50

52 50
13.50
55.60
5090
5250
12.50
22 90
52 50

June

1850
31.10
36.30
12.70
23.30
20 60
23.80
20.20
24 70
18 00
23.00'
15.70

July

2620
49.90
52.50
72.50'
57.20
5250
3080
28.80
61.10
1450
2320
51.20

' July '

21.80
24.00
2330
11.00
11.30
11.00
3.70

( 2,70
5 50
13 10
19 30
13 30

Aug.

21.10
69 90
52.50
9.90
11,90
13.10
11.10
13 60
53.50
950
21.20
50 80

Aug

21.90
10.30
1750
7.30
7.20
4 90
7.40
8 28
1430
7 20
10 30
1380

l/lean

22.16
39 03
37.88
19.91
32.28
21.68
29.45
3280
35.85
17.13
28 66
3217

-

Mean

14.83
2258
26.30
1406
1382
13 68
1386
14 02
1642
1500
17.03
15.53

CO


