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PREFACE

Cochin backwaters, a tropiocal bar built estuary
is well known for its praw, melluscan and demersal
fisheries. Also it formed the umping area for sswage,
retting of husks and discharge of effluents from indu-
stries located on either side of it., As a result, the
Lfishery is being graduslly dwindled year after year due
to the lowering of the water qualities. Encouraged by
the cutoome of the earlier studies by Umithan gt al.
(1973), Umnithan (1976), Vijayen gt al. (1976), Sarala
Devi ot al. (1979) and the studies on erganic pollution
in the retting yards of this dackwaters by Remani (1979),
it was thought worth to undertake a comprehensive study
on the effect of industrial pollution on the benthic
community of this tropical estuary. An aresa extending
over 21 km from the barmmith to Kalamassery (upstreem
of the industrial complex) was selested. Temporsl and
spatial variations takinag plsoe in 16 envirommental
parameters at 9 stations located along the area were
monitored monthly, round the year during 1581, along
with a survey of the benthic fauna. The observed
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varisbility however ocould not be adequately explained
by the paramsters studied, This is perhaps not sur-
prising as the nature of pollution in the present area
is inorganic frox industrial effluemts including texic
aaterial that tend to have long term csmlative effects,
Crganic pollution on the other hand tends to ganerate a
seQquence of events wherein a few factors like enrich-
ment and oxygen depletion ete. are ‘key fastors'. The
nomsoonal flow that flush the enviromment anmually,
rejuvenates the systam so that long term cbserwvations
take on a lot of zignificance and can augaent or per-
haps alter the present.study. The thesis is presented
in 5 ehepters dealing with introduction, material and
methods, results, discussion and susmery in addition
to the preface, acknowledgements, literature cited and
an gppendix of published papers.
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4% I NTRODUCTION,

1.1. Studies oo Estusriess

Considerable smount of work on the physical, chemical,
bioclogical and other related aspects of various estuaries
have sppeared in the past eighty years, contributing
significantly to an understanding of the wvarious processes
taking place in the estuarine enviromment,

Earlier reports on estuariss include studies on the
South African estuaries by Day (1951 & 1967) and Day gt al.
(1952, 1954 & 1956); Australien estuaries by Rochford
(1951) and Chesspeak Bay by Pritchard (1952 a, b; 1954 &
1956). Contridution on estuarine hydrography, eirculatiom,
fauna and their scology have been attempted dy Ketchum
(1951 & 1954), Emery and Stevenson (1957), Hedgepeth (1957),
Bowden (1960 & 1963), Jeffries (1962 a, b, ¢, d) and Odum
(1971). Leuff (1967) has given the ocomprehensive account
of the verious aspects of estuarine research and management.

In India estuarine studies date back to the beginning
of this century, Ammandale (1907), Alcock (1911) and Kemp
(1917) described the fmma of Gangstic Delta while Chilka
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lLake was studied by Ammandale and Kemp (19135) and Sewell
(1924). The brackish water fauna of Madras area was
studied by Panikkar and Alyar (1937) and Panikkes (1991)
reviewed the physiclogical adsptation of enimals., Hydre-
bielogical obserwations of licogly estuary have deen made
by Rey (1953); Dutta, Malhotra and Doss (1954), Bose
(1956) and Seha, Gosh and Gepalakrishnen (1971). Gedavary
estuary has been studied in detail by Chundreschan (1963),
and Chendremohen and Ree(1972). Verk on Mehanedi estuary
was carried out by Ray gf al. (1961). Suspended matter
frem the Narmeda and Tepti estuaries was studied by
Mwasharen gt gl. (1961). Vellar estuary is ome of the
best studisd estuaries in the east scest. Investigaticns
on varicus aspests of this estuary were meds by Seshaiya
(19%9), Rangarajen (1939), Krisimemoorthy (1961), Ramemocorthy
2% al. (1965), Subbaraju and Krishnamcorthy (1972), Krishna-
meorthy and Sundarers) (1973) and Devendren gt al. (197%).
Hydrogrephy, eirculstion, phyteplsnkton, benthos and
related aspests of Nendovi and Zueri estuarine systems of
Goa have besn studied by Das eb al. (1972), Singdal (1973),
Parulskar (1973), Parulekar gt gl. (1960), Cheriyan g% al.
(1976, 1979), Bhargave and Dwivedi (1974), Geswomi and
singheal (197%), Goswemi and Selvekusar (1977), Varws gt al.
(1973) and Selwainmer gt gl. (1960). Physical aspests of
estuaries of Gea yYegion were reviewed by Ree (198%),



Devassy gt al. (1983) and Nair g% g). (1980) have worked

on phyteplankton and zooplankton of Goa estuaries, Bhat
and Gupta (1960) and Negarejeiah and Gupta (1983) have
reperted on the physical characters and distridution of
mercplankton with reference to the hydrography of Netravathi
sstuary, Compiled information on the acre ressnt works
dealing with various aspects of eatuarine bioclogy has been
given by Netarajen (1975) and Kurian (1977).

Kerala adounts in many estuaries along its coast line,
but are the least explored scientifically. Some preli-
minary hydrobiological and planktonological investigations
in the Korspuzha estuary wers made by Suryanarayana Rao
and George (1959) and George (1953 a, b). Maugan of al.
(1980) studied the benthos of the Veli Lake. Mathew and
Nair (1980) have worked om the phytoplankton of Ashtamudi
estuary., Haridas (1962) made & detailed study of the zoo-
plankton from 8 estuaries including Cochin backwaters along
the Kerala coast. Sarala Devi gt gl. (1983) reported on
the nutrient levels from 4 estuaries nemely Mahe, Korspuzha,
Kallai and Beypore along the north Kerela coast, Kair
et al. (1983 & 19684 a, b, ¢) made extensive studies on
different aspects of some of the backwaters of south Kerala.



LI
Shdias on Coohin Jasiomtars:

Cochin baciwaters of Kerala is one of the better
studied estuaries in India, General hydregraphic studies
of the estuary were made by Ramamirthem and Jayaremen
(1963). Darvyshire (1967), Wellershaus (197%), Haridas
2t 8. (1973) and Shynemaa and Balakrishnen (1973). The
tidal fluctuations wvere reportsd by George and Krisimen
Kartha (1963) and Qasim and Gepinathan (1969); solar
rediation by Qasim gt gl. (1968); mutrient distridbution
by Senkarenarayanan and Qasim (1969); Joseph (1974) end
Manikoth and Selih (1974); silting by Gopinathen and Qasim
(1971); sediments by Murthy and Veerayya (1972 a, b) and
Vesrayya and Murthy (1974); trace elements by Murthy and
Veerayya (1981); phosphate regensration by Reddy and
Senkarsnerayanan (1972) end nanoplankton by Qasia g% gl.
(1974). Organic production and phyteplankton ecology and
related aspects have been studied by Qasim and Reddy (1967),
Qasin gt g]. (1969), Qasim (1970), and Devassy and Bhatte-
thiri (1974).

Studies on the different aspects of zooplankton were
made by several authors (Geowrge, 1958; Mrandm.
1971; Vellershaus, 1974; Menon gt gl., 1971; Santhalumari
and Vanmueei, 19713 Neir, 1971, 19733 Srinivasan, 1971;
Pillai and Pillai, 1973; Pillai gt al., 1973; Madlapratep,
1978, 1979, 1980; Madmpratsp gt a)., 1977 and Heridas,



(1962). Benthic population studies of the estuary were
attempted by Desai and Xrishman Kutty (1967 a, b), Demo-
daren (1973), Kurian (1976), kurian gt gl. (1973), Devassy
and Gopinathen (1970), Ansari (1977), Gopalakrishnan

2% al. (1977), Gopalakrisima Pillai (1978) and Hair gt gl.
(1983).
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The pieneering work on benthos was by Peterson (1913)
in Denish waters. In India the bottem founa was first
studied by Amnandale (1907) and Annandale and Xemp (1913).
Panikikar snd Alyar (1937) studied the bottom fauna of
brackish waters of Madres., Seshappa (1953) and Xurian
(1953) worked on the benthos of Malabar and Trivandrum
ccasts respectively. Balasubramenian (1961) studied the
benthos of Vellar estuary. Rajen (1964) worked on the
benthic fame of Chilka lake. Kurisn (1967) has given
an acoaunt of benthos of south west coast of India, Desai
and Krishnen Kutty (1967 a) have studied the bottom feume
of the Cochin backwaters. Desai and Krishman Kutty (1967 b)
bave also made & camparative study of marine and estuarine
benthic fmmea of nearshore region of the Arabian Sea.



Karian (1972) has worked on the ecology of benthos of
Cochin backwaters, Perulekar (1973) has studied the
distridution of benthos in the immer shelf of esntral
west coast of India., Demodaren (1973) worked on the
benthos of aud banks of Kerala coast, Anzari (1974) has
investigated the macrodenthic preduction in Vembaned Lake.
Paruleker and Dwvivedi (1974) have made investigation on the
benthie population of estuarine region of Gea. Xurian

28 al. (1975) have studied the distridution of dottem
fauna of Venbenad lLake, Harkrantra (1975) has made obser-
vations on the distributiom of benthos of Kali estuary.
Anzari (1977) and Pillai (1978) have studied the distri-
bution of macrobenthos of the Cochin backwaters. Har-
krantra gt gl. (1980) have worked on the benthos of shelf
region along the west ccast of India, Parulekar gt al.
(1980) have made observations on the benthic macrofsunal
annual cycle of distridution, production and truphie
relation in Goa estuaries. Jurugsn gt al. (1960) studied
the botton fmuna of Veli Lake., Parulekar gt al. (1962)
have given an scoount of the benmthic preduction and assess~
ment of demersal fighery resourves of Indian eeas.
Divakaran gt gl. (1981) studied the benthos of Ashtamudi
estuary, vhereas the ecology and distridution of benthic
fana of Ashtamudi estusry was carried out by Nair g% al.
(1984 ¢). The bemthic production of northern Vembanad
Lake was studied Dy Anver Bacha (1984).



Benthic production is of importance in assessing
the biologiocal productivity of an area, It is well
recognised that the distridution and abundance of dbenthie
animals of a region are directly related to the fisheries
of that region, Benrthos forming an important source of
food for demersal fishes can be a good indicator of fish
stocks. A knowledge of bottom community oomposition can
help to solve problems relating to past commmnities and
their habitats. Blegved (1932), Jenes (1956) and Senders
(1956) after carrying out intensive studies on tha bottos
fauna have revealed the importance of study of the bottom
biosess in the evaluation of utilization of benthos as foed
for the higher carnivores and fishes, Damel sand Mulieki
(1934), Xurian (1971) and Savich (1972) have demcnstrated
a direct relationship dbetween the demersal fish catech and
abundance of bottom fauna, The data given by Prablmu and
Dhavan (1974) for the demersal catch of Goa coast suggest
that the major part of the trewl eatch from 20 = depth
oconsists of fishes feeding largely on benthos, The high
average of mecrobenthos (240 g/m1i®) contributed predominently
by polychaetes and bivalves sppear to make an imposrtant
contribution to the food of the fish of the shallew days.

Until 1963, the study of marine bottom living animals
and plants were primerily the province of basic research,
but for some studies devoted to the productivity of bottom



fishing greunds. Esphasis wvas placed on satisfying our
own seientific curiosity &3 t0 life histery studies of
noncommereial botitem animals; physiology, composition and
abundance of dbenthic commmities. In the intervening
years betwesn 1963 and 1972 there has been a stsedy shift
in the study of benthic commmnities from the basic to the
spplied aspects such as the effest of oil pollution om the
benthic standing erops and productivity. The sand deposits,
wvhere oll accmmlates, will have characteristic benthie
asssadlages which reveal how the sand got their direction
to the ancient shoreline, Using these clues spplied by
banthic animal studies, it has been possidble to help dis~
cover naw deposits of oil and gas (Parker, 1975).

Bmthic pepulations are structural commmities with
nunerous comnesting links, Disruption of these commmities
by external stress 1like pollution, can affect the entire
aguatic food wedb, Continmous discharge of industrial
vastes into the aquatic enviroment endsngers the safety of
chain, Altheugh pollution may be caused by chemical or
physical agencies it is eassentially a bological phencmencn,
Klein (1962) stated that after ysars of chemical and physical
testing of river water the boards are today experiencing
difficulties in the setting up of standards for effluents
and it will only be in the light of bioclogical surveys and



tosts that these standards ocan eventually be successfully
deteruined, A kunowledge of the biolegical aspests of
pollution is not only of intsrest but also essential to
study the predblems of pollution in a given area. Blelogists
recognised the limitations of chemical and physical mee~
surengnts of vatsr quality and have searched for orgmnisms
which eculd serve as indieators of different dagrees of
pollution. Organims particularly these-attashed-on of /A=
bettom inhebitanta, are favoured by many, since they refleset
the water condition not only at the time of sampling but
for sometime past as well,

The changes bacught about by the deposition of pellu-
tants on the bottem greatly affect the bottem fauna and
flora, Most of the bottom dwelling animals are detritus
feeders. The role of predators declines as depth increases
and detritus feeders and other bottom feeders become the
predominant forms. Henoe benthic fauna has a direct
relationship with the type of the Dottem and that the
physical nature of the substratum act as & limiting fastor
to a considerable extent (Sanders, 1958). Benthos theve-
fore may be treated as ssnsitive indicators of the condi-
tions of acoumlation of organic matter in sediments
(Bordovakiy, 1964). Though extensive studies were made on
benthos of different estuaries and shelf regions of India,
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vory little information is availadle on the bdenthic faurm
in relation to pollution, Dwivedi gt gl. (1975) have
studied the macrobentios of a sswvage cutfall at Ges,
Werk on the biocecology of the bemthic fauna in the indu-
strially and domestisally pelluted waters of Visakhe-
patnam Harbour was ¢arried cut by GCanapati and Reman
(1976 a). An elaborate study of the benthic fauna of
sowage and retting yard was made by Remeni (1979) and
Remani gt al. (1983) reported on the indicator species of
organie pollution in the Cochin dackwaters.

Generelly pollution affects strean community
structure, predominantly by reducing species diversity.
The elimination of nontolerant species is often aococo~
panied by -

1. Increase in stream productivity of bemthie

Wuwmapmumm

2. Changes and simplification in food chain and

3. In the case of organic pollution a

seemingly
sourve of food for
the remaining tolerant species.
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1.3. Ameets of river pellations

Eventhough a precise definition for river pellution
is rather diffioult, it may be defined as an undesirable
ehange in its physical, chemical and diological properties
leading to a lowering of water quality. Eanviromental
oontamination is an inevitadle conasquence of the acti-
vities of san and a natural phencmencn as well, Vhether
in an industrial society or in an agricultural society,
placing vaste material, partislly used consuser goods and
other byproducts, into the envircoment by man has chare~
oterised his activities., Along with the technological
advenesment and repid industrialization, problem of pellu-
tion has inereased ecnsideradbly, Verld oesans have beemn
considered inexhaustadble in all their resources. DBut as
a result of prolanged abuse and exploitation, this huge
aguecus reservoir is under severe human impingsent. 7The
presnet amount of scientific endeavour, extended to this
£l {n the last desade and a helf, would avidly touch
for the decadent state of our enviromment. Notun;:;a
estuary and nearsnore areas subjected to severe stress but
even the deep otesans show evidencs of man's irrational
belmviour, Contamination of enviramaent is also a social
problea which has created a new order of byproducts which
ingreassd in volume at a faster rate than pepulation and
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has further been conoentrated by cur megapolitan tenden-
¢les. Thais das resulted in increasing oontsmimation of
the envirement surreunding the hadbitats of man to the
point wvhere the self purification can no longer ocpe with,
mmumm@um.mm
today.

Pollutants can be in solid, liquid or gaseous state,
As 14quid 1t mey contain dissolved masterials or suspended
-tm“vollud.unhdmmatapouuﬁum.
The commonest form of pollution of serious ooncern to
rivers however 1is of liquid nature which alse inolude solid
in suspension due to combined or independent dischargs of
sswvage and industrial waste into the rivers and their tidal
reaches, Industries are the worst polluting agencies as
they draw wmter from rivers and throw back almost seme
antity gfter loading it with waste and chemiocals which
causes ssvere pollution problewns. Sewage is a oloudy
dilute agueous solution containing minersls and organie
natter in many forms as large and mmall selid particles
sither as floating or in saspenaion as ¢olloidal and
pssudosolloidal dispersant, Sewags also contain living
matter such as bacteria, viruies and protozoans. Among
the industries the chemieal industry is conszidered to be
a sajor sontributer to pellution of the envirooment. This
industry produces many of the matsrials necessary for
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increasing agrioultural produets, rav materials for other
industries and products for maintaining approved health
and living standards, The repid industrial expansion
without adequate attention to raise the standard of hman
settlement has led to uncontrolled, unhygenic and inseni-
tary envireoment in Indias,

India has a vast cosstline with mmerous rivers and
estuaries periodically enriching the coastal wvaters with
essential nmutrients and minerals, Our occastal waters are
very important nursery grounds for fishes and prawns and
the growing pollution is apt to cause a decline of fisheries
in our ocountry. The means of ocontrolling the pollution
maisance and hazards, to protect fishernen and consumers,
are of vital importance for the continuing exploitation of
the sea for commercial fisheries. JMarine pollution is also
a threat to tourist and recreation centres, Vater, once
polluted is not f£it for drinking or any other use by man,
Depending on the chemicals present in the effluent, it can
produce food poisoning or skin infection, The pathogemic
bacteria present in the polluted water can produce diseases
1ike diarrhoss, dysentry, typhoid, gastroenteritis etec.
Pollution particularly by large scale industrial dereliction
and the indisoriminato discharge of waste are the obvious
destroysr of our resources,
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Due to their easy accesaidility and consequent high
hman influences, rivers, estuaries and coastal areas are
nore susoceptidle to effects of pollution. Estuaries are
the transition regions of freah water streasms to the tidal
saline oosan, The flow in an estuary is affected by the
conditions at both ends of this transitional sone and are
nodified by the configuration of the estuary, dy winds and
by point discharges, The sugmentation of sesward flowing
surface wvaters by the intrusion of sea water snhances the
capacity of estuarine wvaters for transporting water, Nan
nodifies the oconfiguration of estuaries, the fresh weater
flows and waste discharges. These modificetions affect
the currents, suspended solid concentration, tides and
dissoclved materials in the estuary., All biota are mibjected
to these effects., It is evident that perturbation of any
type, vhether natural or man-sade, Bay cause various shifts
in kinds and mumber of species and relative sizes of popu~
lation. This also affects the reproductive success, prey-
predator relationship and variocus interactions between species.

Rivers, deing often used as disposal areas for domestic
and industrial vastes, estuaries act as transit ares for
pollutants on their way to marine enviromment, Hence it is
important to consider effects of pollutants on the estuarine
sediment, watsr and biota. A knowledge of the ecological
requirensnts of agquatic organisns can dbe of considerabdle
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value in detemmining the changes that ccour in agugtic
habitat dus to pollution, Pollutants may alter atrean
enviromment thereby affecting the aguatic life in a mmber
of ways, These changes may include am imcrease in comtents
of dissolved mutrients, desrease or increase in ssount of
disselved oxygen, increase in turbidity value or a change
in the character of the streea bottom, The degree or extent
of the effect of these changes on the aquatiec life wvaries
with type and amount of the pollutant and the character of
the biota, For traditional fishing and for agquaculture in
ococastal wators the maintenance of water guality is of para-
sunt importance., Thus & proper understanding of the
environmental parameters and their effects on the diota is
a pre=requisite in the manegenent of any ecosystaa,

India hes severel major riverine and estuarine systems.
Along the east coast are the Hoogly, Mshanadi, Gedawvari,
Krishne and Cauvery rivers and Pulikat end Chilka Lakes. and
MﬁQnsﬁmnnhnthom. Tapti, Mandovi and
Zuari rivers and Vembanad lLeke, The Pulikat and Chilka
lakes of the cast coast and Vembaned Lake of the west coast
forn large bodies of bBrackish water, Apart from these
many riverlets creeks, and streass also contribute to the
estuarine wealth of India.
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The main water bodies of Kerala are A1 west flowing
rivers which drain water into the Arabisn Sea through the
backwaters and 4 east flowing rivers. Major rivers of
Kerula namely Chaliyar, Bharatapuzha, Chelakkudypusha,
Periysr, Pamba, Muvattupuzhe, Xallada and Achencoil earry
4,056 million &° of water snmumlly for discharge inte
Arabian Sea.

It has been estimated that 5 lakhs n° of trade effiuents
are being dusped into the rivers of the State every day
(Jeysing, 1976). Indiscriminate discharge of trede effluents
with high BOD, toxic chemisals snd suspended solids bas
rendersd, but for 6 rivers, all the rest unsuitable for
fishing and recreation uses. In Kerala, for their daily
requiremsnts 85% of the peocple depend directly on water from
rivers, ponds and wells,

The location of a chemical industry is alwmads selected
depending on the availability of reascnably good water for
the process and the fasilities for discharging waste water
into the streas witheut incomweniencing other activities.
Thus, river Cmliyar is polluted due to the diascharge of
pulp efflumts of Gwaliyor Rayons silk manufscturing compeny
vhereas pollution in Chalakkudy river is due to the discharge
of Madura Coats, Tepiocca Starch Preducts and Paulson Disti-
llery.
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While extensive work on hydregrsphical and bielogiecal
aspects of different estuaries in India hawve been made dy
many suthors, studies on pollution aspects have received
very little attemtion. In the cast ccast, different
aspects of pollution studies were made by David (19%99) in
Kulti, Gepelskrisinen gt al. (1970) in Hoogly, and Ganspati
and Chacko (1931), GCanspati and Resan (1973, 1976 a, ®) in
Visskhepatnem harbour. In Vellar estuary ssasonal waris-
tions of carbon, nitrogsn end phosphorous in the sediments
were studied by Sivakumar gt gl. (1583) and effect of
pesticides on phytoplankton production by Rajendrem and
Venugopalen (1973).

Along west coast of India, pollution studies were nade
by Zingde gt gl. (1979 &, b, ©; 1980 a, b, ¢) who gave an
acoount on vatsr quality and effects of industrial wasts
disposal in River Par Mahis Creek Velseo and River Kolak in
Bombe$ and River Dama GCangs in Gujarat. Desal (1971) dis~
sussed the prodlems of sewage and industrial waste discharges
arcund Bombey waters., Dwivedi and Parulekar (1974) studied
the effect of oil pollution along the Indian occastline,
Benthic population of a sewage cutfall in Panjim, Goa was
worked out by Dwivedi gt gl. (1975). Monitoring of some
envirommental parameters at Zuari river was done by Desocusa
(1977). Menitoring studies of watsr and sediments of
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Ulhas river, northeast Bombay was carried cut by Shalmu and
Mukerjee (1963). Base line study of water quality of the
river Narmada (Gujarst) was done by Zingde gt g). (1961).
Chastognaths and copepods from the polluted and umpolluted
sones of Bombay waters were compared by Nair gt gl. (1981)
and Gajbes gt al. (1981).

In Kerala, pollution studies were initiated by
Unnithen gt g1. (1975). Umnithan (1976) discussed the
problems of pollutien in the bsokwaters of Kerals, HNair
2t al. (1976 a, b) bave given an acoont of the problems
of pesticide pellution in the Kuttansd area and the effect
of pellutants on the algal production. Vijaysn gt al.
(1976) discussed the effects of organic pollution om some
hydrographic features of Cochin backwaters. Studies on
the toxic effect of copper on the bivalve Yillorta eyprincides
were carriet cut by Lakshmenan and Nesmbissen (1976). Indi-
cator bdesteriel pollution in the Cochin backwaters was studied
by Chandrika (1976) and Gore gt ga). (1979). Fish mortality
from industrially polluted area of the Cochin backwater
system was reported by Silas and Pillat (1976) and Unnithan
2% al. (1977). Gore and Unnithan (1977) worked on Zhig-
begilli from Cochin backwaters and their oxidation and corro-
sion sctivity, Sarula Devi gt gl. (1979) studied the
hydregrephic features and watsr quality of Coohin backwaters
in relation to industrial pellution. Radhakrishnan et al.
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(1979) have studied the microdial decomposition of the
floating weed Sglvinis molesta of Cochin dackwaters.
Studies on the effest of pollution with special reference
to benthos were carried cut by Remani (1979). The changes
in ecology of the Cochin backwater systsm brought adbeut
by lmman activities were discussed by Qasim and Madiw-
pratap (1979). Sediments of Cochin backwaters in relation
te pollution have been investigated by Remsni gt gl.
(1980). Fish kill at Chitrepuzhe was recorded by Vemu-
gopal gt al. (1980). Remani gt gl. (1981) studied the
sedinent of a retting yard in Cochin backwaters. Trace
netal level in the sediments of Cochin backwaters was
studied by Vemugepel gt gl. (1982). Indicator organisms of
pollution of Cochin backwaters were studied by Remani gt a).
(1963). Seascmal variations in trace metal comtant in
Yillorta everincides. Nereirix sasta end Pemma Yiridia were
studied by Lakshoansn and Nembissan (1966). Rajendren

and Kurian (1966) studied the metal concentration in the
water, sediment and oysters in the Cochin bacikwaters.
Enviroomental conditions of some paddy-cum=prewn culture
fields from three aress of Cochin backwaters were studied
by Nair gt o). (1966). Cochin backwater system and the
lower reashes of the river Periyar were studied in detail
to assess the longitudinal extent of mmlt water intrusion
ints the system and its effect on the flushing of pollutants
introduced by the industries by Sankarensraysanan gt sl.(1966).



1.5. Sespe and pureese of study:

River Periyar receives offlumnts frem a cluster of
chemical and metallurgicsl industries located at Udfega-
mandal, and the Chitrepuzha is in ressipt of the discharge
of FACT Coehin Division and Cochin 01l Refinery at
Amdalanedu. Effluents from all these factories reach the
Yemdanad lake at the north end south limdbs of the estuary
respestively. Another factor of concern to industries
and the residents of the area is the increase in selt
content in the river water during dry months remndering it
unfit for domestic water mpply, irrigation and for any
other purpose. The industries are trying to protect the
water near their pumping stations in the river froa oconta-
aination by intrusion of saline waters dy providing amds
at suitable losations, Apart from this, Cechin backwaters
is aleo mudjected to the effects of organic pollution,
caused by municipal sswage dischargs, retting of coocemut
husks and discharges fres food and marine products precess-
ing industries.

Cochin beckwater is unique for its truditional prewnm,
clams and oysters fisheries. It is well recognised that
the distribution arnd abundance of benthic animals are
directly related to the fisheries of that region. The
benthic biomass helps to evaluate their utilization as food
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for higher camivores and demersel fishes (Blegwvad, 1932;
Senders, 1956). Since benthic population are structurel
communities with mmerous conneocting links, disruption of
these commnities by external stresses liks pollution oan
affest the entire aguatic food web, Abundance and diver-
aity of biotie commmity in daciwvaters, are influenced by
the intersstion of a series of physico-chemioal factors.
Singe the pollution effects are more congpicucus in the
bottem, & qualitative and guantitative study of the dottem
éwelling animals, sediment cheracteristics and the hydro-
grephical features of the overlying water, will be ussful
to evaluste the extent of pollution effects in the system,
Hence a detalled investigation on these aspects in areas of
Cochin backwater around the industrial complex is attspted,

Cochin beckwaters comprise an area contimcusly polluted
from 3 major sources. They are the sswage pellutien ineluding
land drainege from the suremding locslities, foul meelling
stagnent waters from the retting gramds dotting the backe
waters and the industrial effluents from Udyogemandal ares.
Sewage is a cloudy fluid arising cut of domestic and indu-
strial socurces containing minesals and organic matter either
in solution or having particles of solid satter floating or
in suspension or in eolloidal or in pssudosolloidal form in
digpersion (JMhingran, 1976). Retting pollution is the
resilt of pectinolytic activity of micro-organisms, espesially
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basteria and fimgi, leeding to liberation of large ameunts
of organic sudbstances as tamnin, fat, pamtesan and pectin
inte the sedium along with lsaching of peolyphsncls.

Both the sswage and retting pollution also terned as
organic polintion lsad to oxygen depletion as a result of
production of hydrogen sulphide and deposition of orgsanic
matter acoelerated by higher temperature of prenonsoon
period. However Vijaymn gt gl. (1976) found the sewege
pollutsd areas never becoming depleted of oxygen permanently
dus to tidal aixing of the waters. But Remeni (1979) found
anoxic condition in the retting yard due to stagnstion emoept
during nonsoon pericds wvhen rejuvenation took plece to a
certain extent, Remeni alao noted adverse pollution effests
o the bdbenthic fauna as reduoed abundance and differences in
the distribution of gpecies according to their level of
tolerence to poiluted conditions,

However, the imssganis industrial pollution esused by
the effluent discharhe around Udyogamandal area was unique
deing inorganic-as it never amcunted to organic polliution
es earlier environmental studies neither indicated anexic
ocondition nor increase in organic czatter contents,

Geomorpholeogieally, the Coshin backwater aystea is
believed to lmve originated in the 4th century A.D. and the

Cechin gut was cpened vp as a result of the diversiom for
the Periyar river after the deluge in 1341 A.D, Reoently



-12%1=

this system has undergone the most seriocus anthropogmnie
envirommental alterntions, leading to an alaraing rete of
reduction in extent by about 35% as a result of constructiom
of tands and reclamstion for agriculture, harbour and urbem
development, Since 1970 an area covering 176 hectares
have besn reclaimed for harbour and urbsn development. The
existing geamosphological fsatures of this estuarine secter
brought about by matural and men-giade alterations can de
clearly seen in the Satallite imagery trace of the Land Sat
France E 1202-00454 of the Rros Data Centre, USA reprodused
by Mallik and Suchindran (1964). Also the ailtations caused
by river discharge and tidal) influx has been a major facter
contributing for the deorease in the depth of the backwaters.
Studies on the ssdimentation rate showed a deposit of

20 mm/ysar. Shell deposits et a depth of 2.5 to 5 setres
indicated that the backwaters were deeper in the past, Thus
the vertical and horisontal shrinkage of the estusry affected
the carrying oempacity of the system, The growing inflow
of effluents from industrial, agricultursl, donestic and
retting sourees compound its deterioration. Thus reslamation
and siltation caused shrinkage which has affectesd the living
Pescuroes,

The decreasing volune of beckwaters and the limited
exshange rete with the sea reduced the diluting cspacity of
the bdackvaters leading to mass mortality of benthic fauna
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and the fishes and prewms, Thus the physical alterations
bave alse played their role in changing the abundance and
composition of faama and floxw as is the case with the
extinct estuarine orocodile Crocodilus porogus and éwindling
of praam fiahery espesially that of the fresh wator giant
praw Nagrediachius Ieemubergl and oyster and clsm fisheries.
The series of earlier studies on the physico-chemical
and biological prooesses of the hackwater by Pristow (1998),
Desal snd Kristman Kutty (1967), Qasim gt a). (1968),
Casim snd Gopinathan (1969), Sankarsnavsayanen end Casim
(1969), Nair and Trenter (1971), Madmpratap and Rao (1979),
Heridas gt gl. (1973) etc, revealed the high life oarrying
capacity of this ecosystem as well as its problexs and
potentialities for developwent of fisheries.

But recent studies by Unnithan gt gl. (1975), Sersla
Devi gt al. (1979,, Qasin and Madhupratap (1979), Gore gt al.
(1979) and Remani gt gl. (1979) have pointed cut the repid
rate of enviramental deterioration taking place in the
backwaters,

Resognizing the importance orf the significant role in
the socio~eeonomic and cultural aspects played by this part
of Cochin backwaters in the life of Cochinites the need is
falt to protect the backwaters considering its role as the
most important comatal 1ife support system and as an indie-



penaible mediun for the existence of warious economically
impertant marine as well as fresh water living rescurces.
Henoe the need was felt to suggest nseessary control mee-
sures to maintain a hesalthy estusrine envirooment dy study-
ing the effect of varicus enviromental paremetesrs on the
benthic fuuna of this region,

Vith a view to understand the mechanisu by which
industrisl efflueats comtrollied/alffected the abundanec and
distribution pattesns of dbenthic faurnm, the present investi-
gation wvas taken . Primarily it was thought that the
toxic effect of poliutants fruu the effluents counirolled the
population of the bemthic fauna of this region, Dased om
the sarlier studies on the aypirographic features und watesr
@iality of Cochin backwaters, Sarala Devi gt al. (1979) felt
that pollution cauged by the effiuents froa the different
Zactories was largely localised cne, Ihey alzo noticed the
stress diminishing gradually away from the discharge paint
towards doth uwpstream and dowmstresm. The acouzmlation of
black sugspended matter on the intertidal flora for about
1 ik dowmnstrean was notaworthy during the study period.
Similar type of suspended matter wae also found in the sea
bottom sedinent of the downstresm station of discharge site,
This nay be ocontributad by the dlack effluent discharged
from the FACT, The adove fmotors prompted to study the
ares extsnsively.



Senkarenareyansn ot al. (19686) also noticed a
decreasing trend in pollution effects from the discharge
site towards the estuarine mouth, which they attributed to
the dilution of toxic efflumts by the filushing seshaniem,
water currents and flow pattemn,

In addition the need was felt to identify any species
if found suitabls as an indiecator organism for the warieus
industrial effluents disebarged as noted by variocus workers,

So far no work has been undertsken on the denthie
feasne of the area in and around the industrial delt at
Rloor. The present work includes the species composition
and distridbution of mperofaune from 9 stations in Coohin
dackwaters, upstress and domstream of the effluent dis~
charge site at Kloor'. An attempt has also been mede o
correlate the different species with the enviromental
parameters studied from this aree,
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2., PMATERIAL AND METHODS,

2.1, Ares of Swdy:

The Cochin backwaters (9°58°N - 76°15'E) possessing
& tidal area of approxizatsly 500 m° are inter-comnestad
by canals penetrating the mainlend and encircling nmany
islands in between, A channel of about 4350 m wide form-
ing the entrance to the Cochin harbour and snother gpening
further north at Azhikode have linked the backwaters
permanently with the Arsbian Sea,

While Pamba, Meenachil and Muwattupuszha rivers emptied
their water into the baciorater systam on its southerm limd,
enly Periyar joined the northern lizd. A mmber of chemi-
cal and metallurgical industries namely Fertilisers and
Chemicals Travancore Ltd. (FACT), Trevancore Coehin Chemi-
oals (TCC), Indisn Rare Earths (IRE), Cominoco Binani,
Periysr Chemicals, Hindustan Insecticides, Catalyst and
Chemicals, Indian Aluminium Company are located at
Udyogemandal, The effluents from these factories are
regularly discharged into the river Periyar to de carried
to the beckwaters, Chitrepuzha, receiving effluents
which contridute the major poliutents of the dackwater
from FACT Cochin Divigion at Ambalamedu, also joined the
backwater,



The backwaters also received either direectly or
indirectly the sullage water and municipal sewage from
the Cochin city. The total conmmption of drinking
vptprln&sutmmmm@lyﬁnﬂllmnnm
muyofmmaumhmaumdmm
and reeched the backwaters through a net work of canals,

Monthly observations were mede in the astudy area for
one year in 1981, Nine stations were sampled from
Parmouth to Kalamassery, ocovering 21 ks upstresm. The
stations (Figs. 1 a & D) were located near daracuth
(Stn. 1, 8 m), at Mulavukad (Stn. 2, 2 m), Varepushe down
(stn, 3, 2.5 n), Varspusha (Stn, &, 5 n), near new
Panchayath Jetty (Stn. 5, 2.5 m), old Panchayath Jetty
down (3tn. 6, 2.5 m), old Panchayath Jetty (Stn. 7, 2.5 m),
Eleor (Stn. 8, 3 m) and Kalamassery (Stn., 9, 4 m).

A total of 99 grad samples were collected to sort
out benthic organisms, at the rate of 9 semples in each
sonth, sach sample representing one station. As 2 remlt
2,47 million specimens were available for the studies.

Grad samples were collected separately as adbove for
sedinent analysis and for estimation of organie earbon
and grein size,



« 4 8, locations of the nine stations
Tis 1n the Couhin Daskveters.






1 b, Chart showing the distance between the
Fis. ) Stations and their depths,



STATION -1 TO STATION - 9, 2| KM.

Stn. 1 NEAR BARMOUTH 7 M. Depth
3-2 km-

Stn. 2 MULAVUKAD 49 |, .
6:8 km-

Stn. 3 VARAPUZHA DOWN 35 » »
36 km-

Stn. 4 VARAPUZHA 5 » »
4 km-

Stn. 5 NEAR PANJAYAT JETTY 2:5 » »

]

Stn.6 OLD PANJAYAT ‘ETTY DOWN 25 » »
08km{
02 km{sm' 7 OLD PANJAYAT JETTY 25 » »

Stn. 8 ELOOR 25 » »
LSKm{

Stn. 9 KALAMASSERY 45 »w =

Fig. 1 b
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¥atsr retained in the grad, when it was brought on
the deck, vas also collected as "grad water® for anmalysis
of mutrients, salinity, alkalinity and pi,

Water semples for snalysis of physico-chemical
variables were collected from the surface and bottom of
each station. In all 198 wvater samples were occllected
during 11 months from the 9 statioms,

However, effluent ssaples coculd be collected only
during four smonths of FPebruary, April, July and August
at the rate of 2 each frem FACT and TCC and one each from
other factories., Simultansously semples were collected
from an area 10 metres awvay froa the effiuent discharge
peints., Alsc source water samples were collected from
Eloor Kedawva,

Benxthos were ocllectsd using a Van Veen Grad (meuth
amzo.olaenz). All organisms retained by a 0.5 mm mesh
um(m:;ottannwmu.Mﬂnandpu-
served in 9% neutral formaline mixed with the ress dengal,
for subsequent f{dentification. The sctual mmder of
mmmmmuumw-". The

umuuhn-mupnndummﬂummmlz,
C SKell. o ”&t'l?ﬁf)-



Sedinent sansples also were collected using Van Vean
Gredb. The samples were dried in a hot air ovem at 95°C.
The percentage of sand, silt and clay portions of this
dried matarial was determined by sieving through e net of
62 u pesh aize and pipetts methods (Krumbein amd Petti

Jaehn, 1938). Another pertion was used for estimation of
organic earbon, using the method of El Vakeel and Riley
(1957).

Vater samples were ecllected from the surface using
e elean Ducket and bottom smmpling was done dy Meyer-type
sempler., Vater samplea vere analysed for the following
paremsters. Vhile temperstite and pH were msasured on
beard, rest of the pareseters were done in the laboratory.
Dissolved oxygen was estimated by Winkler method (Striek-
land and Parsons, 1965), chemical oxygen demand by dichro-
mate method (APHA, 1960) and chloxinity by Mohr Knudson
method (Barnes, 1959), chloride correotions were mede by



multiplying the corresponding chloride walues for salinity
by a fastor of 0,225, This factor was arrived at by
estimating chloride interferenve for a series of sedium
ohloride selution with ferrous chloride contents reanging
from 710 te 20400 mg/l. Suspended solids were determined
by filtering water sample through a previously weighed
aillipore filter peper (Pore size - 0.45 Am), drying the
residue to eonstant weight at 80° to 90°C and reweighing.
The aifference in weights indicated amcunt of solids. A
known voluse of water ssmple was filtered through GF/C
pasper for particulate matter and on drying to a oonstant
weight at 80° te 90°C, particulate carbon was estimated by
the method of El Wakeel and Riley (1957). Alkalinity was
estimated by back titration method (APHA, 1960). Unseeded
ulnﬂ.ennﬂwdmumwtwmnws.otnmmm
end seeded dilution for effluents, Attemiation coefficient
(K’ valuss) was calculated by using the formula K = —lpd-
(Qasim gt 1., 1968).

Nutrients, like inorganic phosphates, nitrate, nitrite
and ammonical nitrogen were estimated using the methods of
Murphy and Riley (1962) for inorganie phosphate, Bendsoh-
neider and Robinson (1952) for nitrite, Morris and Riley
(1963) for aitrate and Indophenol Blue method of Koroleff
(1969) for ammonia.



Effluents were collected in glass bottles from the
dissharge points of the factories, Identical methodology
as employed forvatu- samples were used for effluent semples.
However, tam,mmmumuanntudm
used for effluents,

The period of study was divided into three ssasons
depending on the S¥ and NE monsoons (although this is some-
vhat arditrary, since the onset of rainfall waries from year
to year) into premonsoon (February to May), monscon (June to
Ostober) and postacmsomm (November to January) seasoms.
Observations were not made during Fedruary due to tecimical
reasons.

2.3.4. Statistical methodss

Intespretation of data was done using cluster and
regression anslysis after treansforming the original data
using the transformation Y = 10;'0(:01) (Colebrook,
1965). Coexistence of species was studied by Karl Pear-
son's correlation coefficient, The correlation detween
parameters, between speeies and that of species with pare~
meters vere calculated and the intergroup correlation
natrix showing the relationship was formed and tested for
signiticance (Fisher and Yates, 1963). A 16 parameters



multiple regression model was fitted, But, due to the
insufficiency of the ssmple aize, only the 9 relatively
important pareneters wvere selested and a 9 persseter
miltiple regression model was fitted and it wes tested for
its significance in predicting abundance of species using
Analysis of Variance technique (Snedecor and Cochren, 1967).

Single linkage cluster analysis was carried ocut using
the correlation matrix for combining the species and also

the persseters at various siailarity levels. The reailts
are given as dendrogrens showing the clusters at waricus
sinilarity levels,

Species diversity was studied uaing Fisher's species
diversity index (o< ) and variance wes studied by means of
variance of oC (Fisher g% al., 1943). Diversity in the
species distribution was also studied using Shanmnon-Viener
function (Monte Lloyd and Ghelardi, 1964), BEquitability
among the species was studied using Yac Arthur's coefficient
of equitability (Momte Lloyd and Ghelardi, 1964),
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3 RESULTS.

3.1 Physico-shemicsl investigationa:

Esphasis wvas given to the gred water values as tie
study focused more on benthes.

3e1e%e  Salinity (%.)s

Salinity was estimated to ascertain its role in
controlling the gpatial and temporal distribution pattemm
of benthic fauna, PFig. 2 shows the salinities of the
water column and greb weter. Spatial (Stations 1-9) end
temporel (Jemuary to December) studies indicated the
following results. Spatial variation of salinity was
very prominent in Jenuary with a high valus of 28,3, at
Station 1 falling steasply to less than 0.4 %, at Stations
6 -9, A similar pattemn of salinity distribution was
feound during November and December also. In November the
pesk valus of 26.6 %, at Station 1 was reduced sbruptly to
less then 0.5 %, at Stations 5 t0 9. Similarly in December
the peek value was also reduced abruptly frem 27.6 %, at
Station 1 to lesser than 0.5 %, in Stations 7 to 9. During
Mareh the pesk walue of salinity (28.5 %,) at Station 1 was
reduced gradually until it reached 3.9 %, at Station 9.



Fig. 2. Ddstribution of salinity at the 9 stations
during 1981,
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In April a similar fall in selinity from 26,9 %, at Station
1 to 5.3 %, at Station 8 was noticed as was seen during
Maroh, However, Station 9 hed omly 1 %X, instead of 3.9 %,
a8 in March, Salinity differemses in May were more or
less same as in Jamuary, with a pesk value of 24,0 %X, at
Station 1 with a steep fall to 0.2 %, from Station 5 emwards,
The spatial distribution pattemn of salinity during the 5
months of June to Ootober was more or less uniform with
peak- values, renging from 4.6 to 2.3 %, at Station 1, which
was reduced abruptly to very low values, of 0,7 %, to 2,6 %,
at Station 2, thereafier maintaining very low values around
0.2 %, up to Station 9. The above results indicated the
monsocnal effect during June to Ovtodber when the cutflow of
fresh water was high. Thereafter as the monsoon flow started
reducing, an increase in salt content could be sesn during
postoonsoon months: Sudbsequently with the insursion eof more
saline water, the salinity rose resshing a high value (3.9%,)
oven at Station 9 during March,

Spatial and temporal amalysis of salinity variations
at the surface and bottom of the water columm indicated more
or less same patterm of distribution in the grad, dottom and
surface salinities. Stratification was noted during July
to September at Station 1, the surface salinity values dbeing
considerably low compared to bottem walues.
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Temporel changes in salinity noted were as follows:
Station 1 indicated an increase in salinity value from
Rovember (26.7 %,) to March (28,5 %,) and a fall to 8.9 %,
in July, gredually reducting to 4.6 %X, in October, Station
2 also showed a gradusl inerease in salinity from Rovember
to March, thereafter maintaining a steady value up to May,
vhich wvas redused abruptly up to a low value of 0,7 %, in
Ootober, But for the low value of 3,6 %, in Jemuary,
Station 3 also exhibited an inocrease in salinity from Hevember
to April, thereaftsr reducing suddenly up to 0.2 %, in
Ostober. ihe above distribution patterm cculd be noticed
at all stations from & to 9 eventhough the astual values
varied, The gmeral observation of very low saline water,
exoept during March and April indicated the prevalence of
fresh water frem Station 2 onwards during June to Geteber
and from Station 5 omsmrxis during November to Jammry and in
May.

3.%.2. Zemerature (°C):

Temporsl and spatial variations in teamperature during
Jamiary to December at Stations 1 to 9 are showm in Fig, 3,

Spatiel variations in the surfaoe and bottom temperature
of the 9 stations were as foliowss Eventhough at certain
stations the surface temperatures exhibited higher walues, in
general the difference bdetween murface and bottos temperature



3. Distribution of temperature at the 9 stations
s 3 during 1961.
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were not well pronouneed perheps dus to their shallow depths,

In Jamery, but for a reecrd of 29.0°C in Station 1
snd a high value of 30,5°C in Stations 2, 3 and &, rest of
the stations registered a uniform temperature of 30°C,
Hovever bottoa velues renged from 28.9°C to 30,2°C. Simi-
larly November showed a tempersture range varying frem 29.3°
to 30.2°C with the exemption of 28,6°C at Station 1 whereas
tottom values ranged from 28.4° to 30.2°C, December, but
for a low value of 28,5°C at Station 1, recorded tesperatures
ranging from 29.6°C to 30.5°C indicating a slight increase
over that of Noverber., The bottom temperature ramged dete
ween 26.0° and 30.0°C. Temperature variation during Mareh,
April ard May followed the same pattern as compared to rest
of the menths prodadly due to a2 reduced river dissharge.
Thus the srface wlus during March, greduslly increased
from 30,8°C in Station 1 to J4.4°C in Station 8 with a fall
in temperature to 33,3°C at Station 9. Similarly, the
botton temperature also varied dbetwesn 30.5° and 32.9°C,
Nere or less the same pattern of teumperature ineresse was
noted in April also with a low surface temperature value
of J1.2°C in Station 1 and a high value of 34°C and 34.1°C
at Stations 5 and 8 rempectively, Bottom temperatures in
April, ranged from 31° to J4°C, Kay recorded a general
desrense in temperature ocorpared to March and April, regi-
stering J0,3°C to 33.0°C at auxface wvaters. Bottom water
recorded a temperature renge of 30.2° to 32.9°C, June to



October months, in generaul, registered a fall in temperature
wlues campared to rest of the menths due to high precipi-
tation and out flov of river water. However, the tempe-
rature values registered a gradusl increase at all stations
from June to September, Thus June recorded identical sur-
face and botten temperature welues at all the stations
renging from 26° to 29.0°C. July also showed an identicel
pattern with a temperature rengs of 24.5° to 27.0°C including
surfece and bottom values., August recorded a gemeral increase
in temperature over July. The surface and bottom temperature
showed a varistion frem 27.1° to 29.5°C. Teaperwture values
during Septamber registered an insrease over that of August
renging frem 28,2° to 30.0° C, at the surface waters and from
28.0° to 29.8°C, at the bottom waters. October compared to
September showed a gemerel fall in temperature at all the
stations. Ihus the surfsce temperature rengsd from 26° to
28.0°C snd the bottom tempersture frem 26° to 27.8°C.

Temporel (monthly) variations of tesperature at each
station was as follows: At all stations, the eomparatively
low temperature recorded during Juns to October, showed an
increase from November to Jammary ascending further to higher
values during March, April end May.

In general the spatial and tesporel variations im
tsparature showed that the thermal structure was not affected
by the high temperature (up to 40°C) of the discontinucus
discharge of efflusnts. The higher veolume of river water



and fast flow during the monsoon season seems to adsord the
excess heat introdueed by the efflusnts effectively. Reduesd
river flow resulting in lov replenishment and exchange of
wvater along with the higher asbient heat seems to be res~
ponsible for the higher levels of temperature observed from
Mareh to May. mmmmwmm
muwumnmmnmtomhumm»m
exsess heat from the effluent,

3.1.3. Qxysmn (AM/}):

Variations in oxygen oomtant at the bottom and surface
vater of stations 1 to 9 during different wonths are depicted
in Fig. &.

Renthwise spatial anslyses of oxygen contents of bottenm
watsr revealed following results., During Jammry oxygen
values showed a gredusl increase from 4.3 ml/l at Station 1
to 5.3 m1/1 at Stations 7, 8 and 9, but for a lov value of
3.6 m1/1 at 3tation 2. During March the comparstively low
values of 2,2 to 2,85 nl/1 at Stations 1 to 3 registered a
gedual inerease to 7.1 ml/l1 at Station 9 with the exssmption
of 9.8 ml/1 at Station 7, During April, but for high values
at Station 1 (6.9 ml/1) and Station & (6.3 m1/1) rest of the
stations registered an oxygen value ranging frem 1.9 ml/1 at
Statiom 3 to 4.6 ml/l at Station S. In May, but for Station 1



Fig. &. Distribution of oxygen at the 9 stations
during 4
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with 3.3 ml/1 and Station 5 with 4.1 nl/1, rest of the

stations recorded uniformly higher values renging from

4.8 to 6.3 m1/1. In June and July the water hed higher
oxygen ocontent renging from 5.2 to 6.4 al/l at all btut

Station 1 where it was only 4.4 nl1/1 in July. August also
recorded uniform values renging from 4.4 to 5,3 ml/1, but
for a low valus of 2,87 in Statiom 1. However, September
registered an irregular pettern with values renging from
4.6 to 6.9 m1/1. Oxygen wvalues during October did not

vary much from 4,0 to 5.3 m1/1., During Novesber except
2 high values of 6.1 nl/1 each at Stations 1 and 5 and a
lover wlue of 4,1 n1/1 at Station 4, reat of the stations
registered values which ranged from 5.1 ml/1 to 5.8 ml/1.
Decamber with an oxygen content ranging from 4,1 ml/l1 to
4,8 m1/1 at all the stations registered uniformly moderate
values.

The adbove results showed that the more or less unifora
oxygen values in all months excepting in March, April and
May are not affected by the discharge of industrial effluents,
As such oxygmn was not found to be a factor restricting the
distribution of benthic fauna in the study area (Fig. 1).

In general, the oxygen oontent at surface wvaters
followed more or less the same pattern as that of the bottam,
Centrary to the general observations of higher axygen sontent
of the surface layer compared to that of the bottom, the
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difference was not considerable owing probadly to the
shallow depth in the study area and botter mixing. How-
ever, vith a fewv exceptions, axygen content of botton waters
during Jamary and July were found to be higher than than of
surface waters.

Monthly analysis of oxygen data of bottom saxples within
each station revealed fluctuations in oxygen content due to
the changes in the water flow, The temporal changes obser-
ved are as follows: At Station 1 the axygen content flu-
ctuated botween 2.85 mumt)m6.§ nl/1 (April),
Stations &, 5 and 6 showed uniform values ranging from 4.1
to 5.9 m1/1 but for few values of 6.1 in November at Station
5, 6.3 in Apfil at Station & and 3.5 al/l at Statiom 6. At
Station 7 exoept for the peak value of 9.8 ml/l in March and
6.2 m1/1 in Septsmber and a very low valus of 2.5 ml/1 in
April, other values ranged fyom 4,5 to 5.8 ml/1. Exoept
for a high and a low value of 6.2 and 3.8 ml/1 during March
and April respectively, rest of the months registered more
or less moderate oxygen wvalues of 4.8 to 5.6 m1/1 at Station
8. Station 9 recorded high walues ik all months renging
from 4.4 mnl1/1 in April to 5.8 m1/1 in June and July dut for
higher values of 7.1 and 6,9 n1/1 in the months of March and

September respectively.
The above observations also proved that even within each

station the monthly variation in oxygen content are not to the
extent as to redirect the distribdution of benthic fauna,
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7S PO m: values M)S

Table 1 gives temporal and spatial distribution of
the BOD, values of the surface, bottom and grab waters in
Stations 1 to 9. Temporal variations are as follows:
Grab water BOD, values at Staticm 1 fluctuated considersbly
between 6.7 mg/l in Juns and 165 mg/l in Nowember. In
general low walues from Jamuary to Juns and an inoreasing
trend from July to December were observed. B(D, recorded
at the surfasce and bottom wvaters were very low ranging
frem 1 to 8.3 ng/l and 0 to 8.9 mg/l respectively., Station
2 also showed considersble fluctuations in grab water BOD,
renging from 6.9 mg/l in January end 9.4 =g/l in Nay, to
131.2 mg/1 in November and 120,2 mg/l in December. In
generel, low valuss wers recorded during Jamuary to June
with an inoreasing trend from July to December, The BOD,
of surface water varied from 1 to 14.5 ng/l while that of
bottom water ranged between 0.6 and 5,6 mg/l. Grad water
B(D, values at Statiom 3, but for their low values between
10.7 mg/1 and 20,0 mg/1l Guring March to May gradually
increased reaching 148 and 120 mg/l during October end
Hevember respectively. The wvater column BOD; values renged
from 0,5 to 4.6 mg/1 in surface waters while at the bottem
it wvas 0,4 mg/l to 7.3 ng/l. Station 4, recorded gred
nmnw,m-uxwmrnnmmu.ouaz.a
g/l Guring Jamary te September, which ross to kigh values
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of 146 to 248,.8 mg/l during Octodber to December. In
mx.nm,nlm.-mmm;mtmo.mu?un
for surface water and 0 to 7.8 mg/l for bottom water. Low
B@smsmmmdsahwwummr
gradb wvater at Station 5 during Jamuary to Septemdber, there~
after the values recording a steep rise from 58.5 in Octoder
to 234.8 mg/l in December, muhroolmlw,otms
station was also low having a value of 0 to 7.5 mg/l for
surface wvater and 0.5 to 5.8 mg/l for bottom water, The low
BOD, values of grad water at Station 6, renging from 3.9 in
Mareh to 27.2 in Jamary, showed 2 peek values -« ¢gne low peek
frem 68.4 to 73.6 during July/June and another high peek
from 187 to 570 mg/l during Decsmber to October. Bod, in
the water column d4id not show any such pesks, For surface water
it ranged fyom 0.5 to 7.1 g/l and for bottom water it was
0.9 to 7.4 mg/l, Station 7 recorded s gradual increase in
mbnmnon,m-ﬂ.smannrytowo.smnpuxm
then a fall ¢o0 18,2 in Septsxber followed by a sudden rise
to 275 to 359 mg/l during October to December. But the water
column BODy did not show much fluctuation renging only from
0,36 to 8.6 mg/l in surface water and 1.5 to 6,9 mg/l in
bottom watsr, At Station 8 but for low values of 5 mg/l in
March and 11,9 =g/l in May and peek wvalues of 170.8 mg/l in
July and 192.4 mg/l in Decemder, grad water values in rest
of the months renged from 31,8 to 110,8 mg/l. The surface



nmm,rmtmo.btou.zunmumzotbom
water ranged from nil to 7.5 mg/l. Grab water BOD, values
at Station 9 exeept for a low value of 6 in May and peek
values of 142.4 and 106 mg/l in November and December showed
more or less uniform values in the renge of 30,0 to 47.9 mg/l.
As noted in the previous stations the surface water nm,
ma—o.etoSJ-g/landmbnhraw’mm
nil to 4,3 mg/l did not show mush change,

In spatial wariations indicated very high valuss in
grad water at all stations during Octodber, November and
Decenber anﬂ comparatively low values were secorded during
January to May. Jamuary to May registered gradb water BiDg
values fluctuating from 6.1 to 47.9 mg/l, 3 to 35 ag/l, 10 to
60.8 g/l and 5,9 to 100.5 mg/l respectiwely, No pattem
oould be arrived at, In June it varied from 6,7 in Station
14u11q.a-¢nmsuumammnmmumm
Station to Statiom, lq,m-mmywum
13.6 in Station & and 170.8 mg/) in Station 8. August had
values renging from 7 to 74 mg/) whereas it was 12,3 to
83.2 mg/l in September. Octoder, November and December
recorded high velues of 460 mg/l at Station 6 and 359 =g/l
at Station 7 end low walues of 7.2 mg/l at Station 9, 61.3
ng/l at Station 5 and &b mng/l at Station 3. Comparatively
very low Dwsnlmaotnuto%.sﬂlnromtor
surface and bottom water samples during the entire period,



3.1.5. SChanieal Guvgap Demands

Table 2 gives the COD values as mg/l of water at the
surface and bottom in each month at Stations 1 - 9,

Spatial wariations noted were as follows: Almost 0%
of the odbssrvations nmade failed to show any significant COD
value. During Jenuary to May, COD showed patchy distribution
only. Patohes were noted in Jamuary at Stations 6 - 8, in
Mareh at Stations 1 = 4 and 8, in April at Stations 5, 6 and
8 and 4in Vay at Stations 5 - 9, Frem June to November COD
was not recorded in Stations 1 and 2, At Stations 53 -9
COD was of very negligidble smount, However, two very high
values were recorded, one in bettom water of Station 4 in
June with 1669 mg/l and another in surface water of Station 3
in November (224 mg/l). Desember was the only month when
high values of 917.13 ng/l and 1155 mg/l1 prevailed in surface
waters of Stations 2 and 5., Likewiso, bottom wvater of
Stations 2 and 5 also showed high welues ranging from 67 te
626 which was reduced to low values of 4,02 to 8.8 in Stations
6-9.

An analysis of temporsl wariations in each station indi-
eated absence of COD in Stations 1 -~ & from Jamuary to May
exospt March with high walues, and in Stations 1 and 2 from
July to November, High walues occcurred in Statiom 1 in June
and Station 2 in December. In Stations 5 = 9, January to
Deocsnber registered extremely low valuses only, the exeeptions
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being April in Stations 5 and 8, and December in Statiom 5.

3.1.6. Alkalinity (ng C.C%)t

The spatial and temporal distribution of alkaliatty
momsuum1u9mmmmryum
are showm in Fig. 5.

The spatisl wvariations indicated wvere as follows:
Jamury recerded peak surface water values of 31,64 mg/l and
34.1 mg/l in Stations 1 and 2 respectiwvely, wvhich was abruptly
reduced to lov values fluctuating betwsen 5.72 and 17.16 mg/1
at Stations 3 to 9. Bottom and grad water values followed
ssme patternm but with a high peak values of 163.2 at Station
7 for gred water, March followed same pattern, with peak
valuesbf 98.46 and 121,62 for surface and gradb water in
Station 1 and another peak of 110 foxr grad water in Station 7
and 57.9 for bottom wvater at Station 8, Lowest valueg
oocurred at Stations 2 to 4. During April but for the
higher values noted for surface, bottom and grad water at
Stations 1 and 2, rest of the stations recorded reduced
fluctusting valuss, Wurfase, bettom and gred water wvalues
were lowest with 5.2 each at Station 3 while high values of
43.6 for surface and 53,7 for bottom occurred at Station 1
and 55.7 for gradb at Station 2 during May, VWhile gred water



Fig. 5. Distribution of alkalinity at the 9 stations
during 1581,
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showved a second pesk at Statiom 7, the surface water touched
lowest values of 5.2 each in Stations 7 and 8, June indi-
cated low values at Stations 2 to 6 and 9 with highest values
in Station 1 and high values in Stations 7 and 8, July with
oonsiderable fluctuations exhibited a gredual increase from
Stations 1 to 7 with 30,56 and 40.4 for surfaes and grad
wvater respectively at Station 7, thereafter decreasing to
Stations 8 and 9 reaching values of 7.64, 7.66 and 15.28 for
surface, botten and grad water, August registered more or
less uniforn low values varying from 6.06 to 16.17 at Stations
2 0 9 and high values ranging from 21.24 - 33,37 at Station 1.
Surface values of 10.39 in September at Stations 2 to 5 rese
%o 36.36 at Statien 7 and again drepped to 10,39 in Station
9. Bottom water alkalinity wvalues also exhibited aimfilar
pattesn. Howsver, the highest gradb water value of 77.92 at
Station 1 nade an abrupt fall to 10.39 at Station 2 there-
after fluctuating between 10,39 and 25.97. Surface and
bettom values in Octoder showed only a gredual rise from the
lowest 4.46 each in Station 1 to 18.2h each at Station 8,
Grad water but for the pesk values of 27.37 at Stations 1
and 9 414 not show much of a variation at Stations 2 - 8.
Novamber as noted for April hed peek values at Station 1
which were reduced to the lowest 8,7 at Stations 3, 4 and 9
and low 17,3 in Stations 7 and 8, Deocembder like May and
September registered a reduction from high wvalues of 42,04
at Station 1 to 8,43 at Station 3, thereafter increasing
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sharply to peak wvalues of 100,84, 42,02 and 151.25 for
surfa¢s, botton and gred water respectively at Station 8
with a slight fall at Station 9,

Tempereal variations noted in alkalinity were as follows:
Station 1 recorded higher values ( 20) in all months except
in July, October and September when it renged between 4 and
15.88, Shumzwmm'mttwm
to May. Stations 3 and & registered lowest values ih all
months, But for May and December Station 5 aleo had low
values, Exoept for January Station 6 showed sn inerease in
values, Station 7 recorded peak values exospt at surface
and bottom in Jamuary and April, surface value in Kay, bottom
value in June, and all the three walues in August, Ostober
snd Nowember, with certain sxemptions. liigh values were
noted in March, May, June, July and December whereas low
values prevailed in April and August to November in the
coluen and in grad water, Station 9 recorded uniformly low
values exoept in grab water during March, surface water in
May, grab water in sugust and Octoder, November and December.
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31,7, ’u |

Variations in pH from Station to Station (spatial)

and within cach station (temporal) are showm in Fig. 6.

pH values of grad water during January indicated a gradual
reduction from Statiom 1 (7.8) to Station 9 (6.8), but for
higher pH values of 7.4 and 7.8 at Stations 7 and 8 res-
pectively, Bettom water registered a graduel reduotion
in pH frem 7,95 4in Station 1 to 6.4 at Station 7 with sud-
seguent incresse to 7.6 at Stations 8 and 9. Similarly the
surface water too indicated a reduction from 7.9 at Station
1 to 6.4 at Station 8 followed Dy a rise to 7,6 at Station 9,
During March exoept Station 7 with a pH of 7.1, gred water
from the rest of the stations showed a reducing tendency
from 7.5 at 3tation 1 to 5.6 at Station 9, Similar lowering
in values from Stations 1 to 8 were noted for surface and
bottom waters too. In effect an acidic nature prevailed
from Stations 3 to 9. pH of grad, bottom and surface waters
registered a fall during April from Stations 1 to 9 and wvas
on the acidic side from Stations & to 9. During May emeept
at Station 9 where pH values were low (6.1 to 6.5) alkaline
values were recorded at Stations 1 to 8., June showed
deviation from May with the gred water maintaining low pH
walues ranging from 5,5 to 5.8 at Stations 5, 6 and 7, rest
of the stations showed pH wvalues of 6,7 to 6,9. Howewver,



Fig. 6. Distridution of pH at the 9 stations
during 1961,
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pH of surface and bottos waters indicated a oonsidereble
reduction from Stations 1 to 8 with a riso at Station 9.
In all an scidic pH was noted frem Stations 3 to 9 especie-
1ly in Stations 5 t0o 8, July registered a normsl pH
renging from 7.05 to 7.7 for grab water wvhereas a rangs of
7«1 to 7.8 vas maigtained at Stations 1 to J in the surface
mm\um. Stations 6 to 9 showed an acidic pH
rengs of 4.35 to 5.9. August and September registered
unifornly alkaline pH for the gred water and the entire
water column, Ootober recorded alkaline pl at Stations
other than 3 to 6 and 8 where it was ecidic, During
Mpﬂmmm.tShumi'hBW
nusuuenbaiu'dlltusuudic. Alkaline pH prevailed
during December for grad, bottom and surface waters at
Stations 1 to 3, wheress scidic pH verying betwsen 6.3 and
7 was prevalent at Stations 4 t0 9, In general, seidic
water prevailed at Stations & to 5 exoept in May, smgust
and September depending on the intensity of flow of the
wvatsr, Grab water showed lesser variations in pH compared
to bottom and surface waters.

Month-wise observations at each station (temporal)
revealed that at Stations 1 to 3 high pH wvas maintained in
all the menths, lHowever, at Stations & to 6 acidic pH was
noted in the months emcept May and July to September. Stations
7 and 8 recorded lovw pH in all months except May, August
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and Septamber. Station 3 recorded alkaline pH during
Jsouary, June, August, September and October.

Thus pH vas found to be sn important factor in contro-
1ling the sbundance of mecrebenthos at the areas vhere
industrial effluents were discharged,

3-%-8. Ammeniacel Nitregsn Gig=at/l):

The spatial and tesporal distribution of Amsonia in
the area of investigation during Jamwary to December at
Stations t -~ 9 arve shewm in Fig. 7. Spatial distridution
of asmonia at the surface, bottom and in grad water has been
observed as follows:

Jamary showed low values of 9.82 to 39.27 at Station 4
and very low values of 3.49 to 7.6A in Station 9. High
values of 375.36 to 4£71.26 prevailed at Stations 4 and 7.
Thus an irregular patterm was noted, In Mgroh, the very
lov surfsce (5.9) and bottom (8.01) values registered at
Station 1 showed a sharp riso to 509.89 and 594.17 respecti-
vely at Station 8 thereafter following to a low value of
148.,0 and 155,92 respectively at Station 9. The gradb wter
value spart from Statfon 1 which had higher values also
recorded an increase from 103.35 at Station 2 to a very high
value of 1028.22 at Statiom 8, In April, lov values at



Fig. 7. Distribtution of ammoniacal nitrogen (amsenia)
at the 9 stations during 1981,
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Stations 1, 2 and 3 showed a sharp increase to high values
of 225.43 to 365.53 at Station 7 which got reduced to low
values of 57.25 to 83.87 at Station 9. In May, low surface
and bottos values at Statioms 1, 2 and 3 renging frem 23.%%
to 99.01 registered a stesp rise to Bigh values of 906,35
t0 561.81 at Station 5, thereafter decreasing to low walues
of 6,91 to 18,42 at Station 9. The grad water wvalues which
fluctuated very much recorded an intrease from Stations 1
to 7/8. June in gensrel recorded low values, But for a
peak value of 267.9 at Station 7, surface water at the rest
of stations registered, low values of 9.21 to 64.47, 3imilarly,
other than a peak wvalue of 239,46 at Station 7 and 110,52 at
Station 8, bottom water at the rest of the stations regi-
stered lower wvalues of 9.21 ¢ 73.68, lHowever, asmenia
content of grab water fluctuated frem a low value of 6,91
to 180,52, July too indicated low contents of ssmenis in
the surface and bottom waters ranging frem 7.5 to 11,31 at
Station 1. Therevafter surface values rose to 294.0 at
Station 7, with abmpt falls at Stations & and 9. Bottom
values during this month rose to 617.7 at Station 8 with an
abrupt fall to 5.64 at Station 9. However, grad water
values fluctuated between 60.3 end 1063. In August the low
surface and bottom values renged from 14,78 to 62.81 at
Stations 1 to 4, Then the surface value rose from 129,55 at
Station 5, and 198,18 in Station 6 slowly getting reduced to



51.03 at Station 9. But bottom walue rose from 109.92 at
Station 3 to 466.79 at Station 8 followed by a steep fall

to 15.71 at Station 9. Fluctuating grad water value made
a sharp rise fion 51,03 at Stations 1 and 9 to an unusually
high value of 3J76.14 at Station 8., Spatial distridution
during September showed a low value of 45.08 at Station 1 for
surface vaters which finareassd Wp to a peak value of 762.9%
at Station 8 and & sudden drop to 19.66 at Station 9. Like=-
wise the low bettom wvalue of 27.74 wvas reised to 679.71 at
Station 8 and a stesp fall to 27.7% in Station 9. Greb

wvater recorded values runging from 235.8 at Station 1 to

2748 at Station 7 dropping abruptly to 29.5 at Statiom 9,

Surfece water values in Osctober too insreased from the low
value of 29.29 at Station 1 to 417.32 at Station 8 with low
values at Stations 7 and 9. But the low dottom walue of

47.6 at Station 9 showed a gradual rise to 307.5 at Station
6 followed by an abrupt fall to 9.15 at Station 9, Howswver,
greb wvater values fluctuated between 29.25 at Station 9 and
307.58 at Station 3, DBut for the low values at Statiomn 9,
the surface, bottom and grab water values during Nowvember

showed a sharp rise from the low values in January to peak
values of 8464.82 for surface water at Station 8, 525.5 for
botton water at Station 6 and 4671.41 for grad water at

Station 8, Deosmder recorded peak walues of 1161.25, 1114.8
and 1138.03 respectively for surface, bottom and gradb water



at Station 5. Low valuss at Station 1 registered a steep
rise to the peak wvalue at Station 5 falling sharply at the
next station and going down to lower values further wp-
stresm in Decamber, In general low wvalues were noted at
Stations 1 to 4 and 9 and high values from Stations 5 to
8 in this month,

Temporal variations at Stations 1 to 9 during Jamary
%0 Decender were as followa: Station 1 during the 12
nonths, recorded low surface (5.01 to 45.08) and dottem
(3.34 to 47.6) valuss, whereas grab water recorded higher
values of 9,82 to 544,19, All the values showed oconsiderable
flustuations, At Station 2, surface values varied from
9.21 to 135.21, bottem values from 9.21 to 100.56k and gred
vater values from 46.24 to 452.3 all variations being irre-
gilar, Similar irregilar pattern of distribution of asmonia
was recorded at all the atations. Values in general were
high emcept for June when comparatively lov values were
odbtained, Gredb water values were of a higher order compared
to the surface and bottom values,



3.1.9. Inersanic Phosohate (ug-at/l)s

Phosphats content of water from surface, bottom and
grab, at Stations 1 to 9 (spatial) during different months
(tsmporal) are showm in Fig. 8.

Analysis of spatial variation of phospbhate at Stations
1 = 9 during different months revealed the following: During
January the lowest surface and bottom wvalues of 0.82 eech
were noticed at Station 9 and 4.5 each at Station 1 and the
peek value of 66,72 and 52.8 each at Station 4., Higher wvalues
prevailed from Stations 2 to 7. Similarly water values
renged between 12,28 and 535.26 ug-at/l. A general inerease,
during March, from 3,75 to 186.8 for surface and from 7.06
to 80.95 for bottom waters was noticed at Stations 1 -~ 8,
A similar inerease was noticed for grad water from Stations
1« 7. Low values were notioced for the surface, bottom and
grab water at Statiom 9. During April, the surface, bottom
and grad water values showed an inereasing trend from Stations
1 to 6 and slightly fluctuating values were observed at
Stations 7 and 8, Statiom 9 however maintained low values.
May recorded low phosphates content ranging from 0,77 to
13.55 at the surface, 1.55 to 15.49 at the bottox and 5.03
to 38.71 in the grad water, However, high walues were of
exemption at Station 7 and only for bottom water at Statiom 8,



Fig. 8, Distributicn of inerganic te at the
is 9 stations during the year 1981,
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As noted for March and April walues during June also
showed a genersl inersase from Stations 1 to 8, There-
after dropping to lov levels at Station 9.  Comparatively
low values vere registered during July, in the surface,
bottom and gred water, the walues ranging from 0,37 te
16.68, 0,37 to 18.54 and 4,45 to 26.69 respectively. How-
ever, the gred water phosphate content at Stations J and &
was of a high oxder (77 to 86). August, similar to July,
hed fluctuating values of 0.87 to 20.81 at the surface,
1.3 to 27.74 at the bottom and nil to 27.74 in the grad
water. But grab water values at Stations 3, 6 and 7 recorded
high values. In general, values were on the increase from
Stations 1 to 8. Septamber too, as in July and August
recorded moderats values with an increasing trend from
Stations 1 to 8, the surface, bottom and grab water wvalues
renging from 4,37 to 30.62, 3.1 to 38.49 and 1.75 to 53.37
respectively. Octoder also followed the trend of increase
from Stations 1 %o 8, dut for lower walues at Station &,
Novender values varying from 3.45 to 52.868, 3.02 to 54.%
and 2,59 to 77.48 at the surface, bottom and grad water
respectively exhibited an increasing trend wp to Station 6
followed by a fall at Stations 7 and 8, and an abaupt drop
at Station 9. Phosphate values in December recorded a
sharp inerease from Stations 91 to 8 in the surface, bottom
and grad water values which ranged from 4.43 to 272.4, 3.9
to 276.85 amd 5.32 to 93.91 respectively. Station 9 as in
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the cese with the other months recorded low walues of 2,66
to 5.76.

In general an increasing trend from Stations 1 te 8
and a sudden drop at Station 9 was noticed in all the months,
Values flustuated much at Statiom 1, mMun notioced
up to Station 6 in May, and up to Station 7 in October and at
all Stations in July. Generally high wvalues were moticed at
8tations 6, 7 and 8 in all menths,

Temporal variations showed uniforaly lower values at
Stations 1, 2 and 9. Station 3 recorded high values in
Jamsary while only grad water gave high values in other months
except Nowember, Stations & to 8 were charactarised by
fluctuating high and low values from Jamuary to Deoember,

The remilts indiceted the effeet of nonsoomal flow of
wvater in the distribution of phesphats.

3.1.90. Jitrite (ug-at/l):

Spatial and temporul variations of nitrite contents at
the surface, bottom and in the grad water are {llustreted in
Fig. 9.

Spatial changes:- In Jamwry the surfsee and bottom
vater values recorded a fall from Stations 3/4 to 9, vhereas
the grad water values increased from Station 1 te Station §,



Fig. 9. Distribution of nitrite at the 9 stations
during 1981,
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thereafter the lowest value of 0,43 at Station 9. During
Mareh, the surface, bottom and grad wvalues recorded an
insrease in nitrite contents from the lowest wvalues in
Station 1 te high values in Station 35, thereafter falling
to low wvalues W to Station 9. April,registering low walues
up to Station & exhibited an increase at Stations 5, 6 and
7, which further declined to lower levels. During May the
trend was different in that the low values from Station 1
rose to high values at Station 3 which progressively got
Mh'mmsMhnmcolMotshﬁu9.
However grab water values at Stations 8 and 9 showed slight
increase. But for the high values at Stations 2, 3 and &
unifornly very low values prevailed at the rest of the
stations, in June. Gred water values however were high at
Stations 5 - 8. Similar very low values prevailed during
July and August, except for gred water in Stations S and §.
September, but for Stations 5 and 6 exhibdited almost uni-
fornly lowv valuss. Exsept for the low wvalues at Station 3
and high values at Station 4, rest of the stations recorded
a gredual reduction in nitrite content from Stations 1 - 9
during October. However, grad water registered high walues
at Stations & - 6. In November low surface and bottom walues
at Station 1 rose to high values at Stations 2 and 3 there-
after dropping towards very lov values at Station 9. Gred
water showed fluctuation between nil and 4.1, During
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December nitrite contsnts were feund increasing from Stations
1 to J followed by a gradusl fall to very low values noted in
Stations 6 to 9.

In genersl spatial distribution in the surface and
botten water revealed a gradual reduction in the nitrite
content from Stations 3/5 towards Station 9. Very low to
low values prevailed during June to Nowember, High values
wvare recorded only in grad wvater in most months in Stations
S and 6.

Tenperel clmges - Nitrite values in surface waters of
Station 1 varied from 0.21 to 4.41 and in dottom waters from
0.43 to 4.73 while that of grad water was 0.1% to 2.,45. Low
values of 0,21 to 1,02 were noted in June, July, Septembder
and November and peak values of 1.47 - 4,73 were recorded
in Cotober. Other months had moderate values ranging dbet-
ween 1,02 ~ 2,64k, At Station 2, however, only July had low
values of 0,21 to 0.3 and peak walues were recorded in
postaonsoon months of Decsmber and January (13.99 to 17.94).
Rest of the months recorded comparatively higher values
(1.13 to 3.92) then Station 1, Station 3 too had low wvalues
in July in sddition to Ame, August, Septeuber and October,
Peak walues of 24.25 to 34.41 were recorded in December as
at Station 2. In general Station 3 hed low values during
monsoon and high wvalues during the postmonsoon months of
Decemder and January, Rest of the stations hed wvelues renging
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between 3,04 and 6,79. June, July, August, September and
Roveaber recorded lov values at Station 4, similar to
Station 3. Vhile peak values of 10.44 teo 23,13 cocurred in
the postmonsoon months of December and Jamuary except the
lower values of 5.33 for surface mater in Jamwary. Values
in other menths varied from 2,52 to 8,74, Station 5 had
low nitrite values at the surfsoe (0.11 to 0.97) and bottem
waters (0.11 to 1,035) during June to Novenber, whereas
grab water showed 2,97 to 27.79. December, March and April
recorded comparatively low values. Station 6 exhibited low
values at the surface and bottos in comtrast to high greb
water values except during April whem it was 15.61 to 19.86
respectively. A peak value of 24.38 was noted in the grad
waters during Jamuary. Low values from 0.23 to 0.78 for
surfate and bottem waters were recorded from May to Decesmber
exoept in Octoder at Station 7 while values incressed from
Jamary (1.52) to April (10.364). The gradual ineresse in
surface and botton water values from Jamuary to April at
Station 8 was reduced abruptly teo 0.20 in Mey which prevailed
t111 Decemdber with alight alterations, Station 9 was unigue
with uaifornly low valuss but for March and April,

Temporal variations in surfagce and bottom nitrite values
revealed comparutively higher walues during Jamary to April/
May follewed by low to very low values up to December., At
Stations 2 to & higher values coourred in Octeber and Decemder,
also, Grab water was found to exhibit maximum fluetuation,
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3.1.11. Eitrate (ug-at/d)s

The spatial and temporal variations in nitrate contents
were analysed and the results are showm in Fig., 10,

Jamary indicated high values at Station 3 for bettom
and grab and at Station 2 for surface water which gredually
got reduced to s lowest values at Station 9, Howewver, grad
water meintained higher walues at Stations 3, hand 6, The
surface and dottem values in March incressed from 3tations 1
t0 3 thersafter going gredually reducing to lower values
towards Station 9, while grad water values rose from 23,01
t0 140.36 at Station 4 thereaftsr lowering to 36,82 at
Station 9. Nitrate content at Station 1 reached the peak
values at Stations 3 and 4 followed by a gradual decrease
towards Station 9 in April, May also showed a similer
pattemn wvith high values at Station 3, however, the fall
in aitrato values was irregular. The surface and bottom
values during June rose to the maximum of 32,3 / 34,0 at
Station 8, with a slight fall in Station 9. But the gred
water valugs fluctuated between 2.3 at Station 1 snd 29.64
at Statiomn 6. But for a higher value of 28.08 st Station S
for surface water and lowv values of 7.12 and 8.8% in Stations
6 and 8 yespectively for bottem water, rest of the statioms
during July did not have much of a variation. But grad
wvater nitrate content inoreased from Stations 1 to 5 and
then desreased towards Station 9, During August, surface



Fig. 0. Distribution of nitrate at the 9 stations
during 1981
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and bottom nitrate values gredually rose to a peak at
Btation 5 which was maintained at Stations 6 ts 9. Howewver,
surface value at Station 3 registered a near zsrvo value,
cnhnurumumw-nmmmmo_t
108.14 at Station 5 and was thereafter fluctuating. During
Septeader, emcept for the high wvalues of 42.11 and 43,08 at
Stations 7 and 8 respectively and the low value of %0.7 at
Station 1, the surface values renged between 23.57 and 29,7.
Bottonm values registered a steep rise from the low value of
2,78 at Station 1 to 77.57 at Station 7 and had reduced
values at Stations 8 and 9, But for the umisually high
values at Stations 5 and 6, other stations recorded very low
values for gredb water. During October, surface and bottem
values at all stations maintained more or less same levels
of nitrate., However, gradb water values recorded lower
values up to Station 4 and higher values from next station
omsards, But for the low walues at Statiocn 9, surface and
bottem waters in November maintained more or less unifora
values from Stations 2 to 8, The very low gred water values
of 0,31 to 3,10 at Stations 1 to 4 shot yp to high walues at
Stations 5, 6 and 8 during this month, Surface, bottom
and grad water values during December exhidited an increase
from Stations 1 to 3 therwafter recording a fall in wvalues
ts Station 9.



-‘w‘-

In generul, spatial variations were note of" less same
at Stations 1 and 9, Initislly the values rose from Statiens
1 to0 3 1in all months thereafter either declining as in pre-
acnsoon or maintaining the values as in monsoon menths,

Gredb water exhibited the maximm fluctuations with the
highest and lowest values. |

Temporel variations noted from January to Deesmber at
Stations 1 to 9 revealed the following: At Station 1 the
surface values fluctuatsd from 4,33 in June to 20.87 in
Jamiary/October. Bottom values renged from 2.6 / 2.73 /
2.98 in June / Septsmder / December respectiwvely to 29.37
in Ostober. Grab water which recorded very low walues of
0.1 to 0,65 during July to Movember rese to a peak valus of
23.01 in Harch, Station 2 recorded an abswpt fall in grad
water value from 39,12 in the premonsoon months to 1,96 in
July and then t0 0.31 in November, followed by & sudden
sp@rt to 30.82 in December. Fluctuations at the surface
and bottem were quite aimilar at this station throughout
the yeur. Station 3 registersd comparetively higher values
in all nonths with the lowest values in July, 47.48 for the
surface vater and 19.58 for the bottom water, However, the
grad water shoved very low nitrate content from June ¢o
November, At Station &, nitrate values of surface waters
fluctuated much from 53,03 in March to 13.98 in May. Beottom
vater values also varied from 14.23 in July to 55.28 in March,



The highest degree of variations oococurred in the gradb water
which varied from 0.42 in November to 140.36 in Hareh,
Nitrate content in surface water of Statiom 5, varied from
7.91 in December, to 40.27 in March whereas dottem water
values ranged from 12,9 in May to 66.73 in March., However,
grad watsr values renged from 14.16 in May to 408.15 in
March/August. At Station 6, variations in the surface
countents of nitrate was less, compared to the bottom. A
senge of 13,48 in Jamuary to 40.36 in Herch was noted,
Values at the bottom wveried considerably from 9.12 in Jly
to 82,34 in March, Similsr wide fluctuation was noted in
grab water too from 4.0 / 5.5 in August / July to 123.66
in Septsaber, Fluotmations in surface water values of
Station 7, recorded a low value of 9.73 in Hay and a high
value of 42,11 in September. Bottem values showed the
lowest value of 9.75 in May and a high value of 77.57 im
Septesnder whereas lowest value for grab water (0.32) was
in May and the higheat walue of 36,82 in ilarch, Statiom 8,
190 wvith flustuatiogs from Jaauary to Decomder registered a
low surface content of 4,20 in December rising to a high
nitrate ocontent of 35.10 im Novesmber while bottom values
renged from the low wvalue of 5.21 in Jamery to 34.0 in June;
the gred water content registered an increase from 9.44 in
October to 39.12 in March,  lHighly fluctuating nitrate eon-
tent values were noted at Station 9 also. 7The surface value



rangsd from its low value of 3,15 in May to high value of
25.26 in June whereas the bottom values exhibited a renge
of 3,3 in May to 23.05 in September. Howewer, gred water
values renged from 1.33 in August to 36.82 in Nerch. In

gemeral temporal fluctuations was considerably high within
each station.

3.1.12. umended solids (Particulate matter) (mg/l)s

Fig. 11 shows the spatial and temperal distribution of
suspended solids at the different stations during the yeer.
Spatial veriations at Stations 1 to 9 during Jamuary to
Decewder showed the following results. During Jamwary
spart from high values of 128 at Station 3 and #1.5 at
Station 8, surface watsr at rest of the stations recorded
values decreasing from 27.%h at Station 1 to 3,67 at Station
6 followed by a alight inerease to 5.67 at Statiom 9. Bottos
water exoept for Stations 8 and 9, showed an imerease in
values compared to surface waters. But for Stations 5 and
8, with high values of 150 and 65 respectively and Statiom 9
with a lov value of 9, surface vatsr from the rest of the
stations during March showed a gradual ineresss from 11,5
at Station 1 to 18,6 at Station 7. Bottom values too more
er leas followed the pattern at the surface., Surfsoe and
bottem water values during April had a aimilar ocurse as in



March with high walues of 165 and 256,7 at Station 3 and
42,3 and 45.8 respectively at Station 8, During June
exoept for the high values of 152,3 and 252.5 and 30.8 at
Stations 1, 3 and 8 for surface waters, rest of the stations
had low values renging from 2,43 to 13.47. DBottom walues
also followed same patteran with highsr values compared to
surfate wvaters except for Stations 3 and 8 vhere it was less
and Station 9 which recorded a high value of 52,7, Jduly
recorded a different pattermm of distribution of suspended
selids in the surface and bottom waters with uniformly high
values ranging from 50.75 to 75.7 for the surface and 67.52
to 138.0 for the bottom at all stations exeept 2 and 8 where
low values of 26,7 and 10.5 respectively for surface and 37.5
and 90.5 respectiwvely for bottom waters were recoxded. August
with a high content of suspended solid of 126 at Statiom 3 in
the surface water showed a lesser eontsnt at other stations
renging from 5.84 to 41.5. Howewer, bottem water fndicated
a high emount (231) at Station 1 and a uniformly low esount
of 18.2 to 43.3 in the bottom waters of other stations,
Surfaoe waters, during Septsmbder, recerdsd low values of
4,56 to 23,66 exoept at Station 3 having a high comtent of
150,6. At the ssmetims bottom water registered values
renging between 7.11 and 56.67. Compared to surface values
the bottom water of Station 3 had only a low value of 51,8,
Ootoder, too registered low values at the surface, ranging
from 42.0 t0 27.4 with the emseption of 93.3 at Station 3,



However, bottom water recerded high values of 82,4 te
85.4 at Stations 2 and 9 respectively, the other stations
mmmmﬂ.mpm.s. Nowember, as in
the case with Janusry, March and April registered high velues
of 174,0 and 80,0 for surface and bottom respectively ard
92,6 amd 36.0 at suumatam@mum
respectively. Values for other stations remged from 2.3
to 21.0 for surfagce and from 2,9 to 29.0 for bottom waters.
Decenber too registered a pattemm similar to November,
recording high walues at Stations 1, 2, 3 and 8 for surfase
and bottom waters.

Studies on temporal variations, at Stations 1 te 9
revealed unifomly high wmlues ik all months at Statiomns 3
and 8, Surface waters had suspended soclids ranging froms
63.0 to 252.5 and bottom water from 24,8 te 256.6 at Station
3, vhereas at Station 8, corresponding values were 10.55 te
92.5 and 10.57 to 71.11. The occourrance of high walues
during June and August at Statiom 1 during July at Statioms
& to 7 was a special feature.
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3.1.13. PEartisulate erganie carvon (mg/l)s

Spatial and temporal variations of particulate organic
carbon are shown in Fig. 11, Variations on particulate
organic carbon did not nseessarily conform to the pattem
of distribution of suspended solids, eventhough estimatiom
of POC were made from the latter,

Spatial distribution: - nmmw.mmrm
values ranged from 0.26 to 1.68, while ths bottom values
from 0.5 to 1.58 but for a single value of 6.04 at Statiom 1.
March, displayed an increase vith surface wvalues, ranging
from 0,7 to 5.33 and bottom values frow 0.9 to 4.,7. April,
registered surface vater values ranging from 0,6 to 3.35 and
bottom wvater values ranging fror 1,02 to 2,76. June recorded
higher values of 8,02 and 7.8 for surface and dottem waters
respectively. Stations 2 to 9 recorded low values of 0.26
to 1,18 at the surface and 1,76 to 3,61 at the bottom.
Cemparatively high values were notioced in July, at Stations
3 to 9 renging from 2,62 to 4,03 at the surface and 3.28 to
6,05 at the bottom. Low values of 1,26 to 2,95 were noted
at Stations 1 and 2, August registered low stuface values
renging between 0.63 and 2,42 snd higher dottom values in
the range of 1 to 8,48 except at Station 1 vhich had a stray
peak value of 15,8, September, showed low surface and bottom
values, renging from 0,79 to 1,76 and 0.7 to 2,27 respestivel



Fig. 11,

Dutﬂ.butlon of suspended solids and
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vhereas, low surfsce values of 0,77 to 3.4k prevailed in
Ostoder, bottom values remained at slightly elewated levels
between 1,18 and 2,7 at all stations emoept at Stations 14,
2 and 9 with high bettom values of 5.0, 4.3 and 5.3 res-
pectively. Novemdber, too recorded low surface values of
0.6 t0 2.3 frem Stations 1 to 9, exoept at Station 8 whieh
recorded 3,1, vhereas bottom water values varied frem 0,352
to 2.3. In Decexber, sxoept, Stations 1 and 2 which recorded
higher values, other stations recorded surface wvater values
ranging from 0.39 to 2.5 and bottom water walues of 0,45 to
1.9.

Stationwvise analysis to locate monthly wvariations at
each station could not bring out any fixed pattem,

3.1.“0 d nRe $

This wvas zeasured at all the 9 stations during Jammry
to Decenber and values are shown in Table 3,

*K®* values were highly correlated with that of parti-
culate matter present, Spatial distribution of "K" values
revealed an increase, exospt at Station §, from 1,36 at
Station 1 % 3,0 at Statioms7 and 8, During Merch, low
values of 1.5 were noted at Statioms 3, 4 and 6 and 1,68 at
Station 9, whereas high values of 3,33 S0 3.75 were noted for
the rest of the Stations., %K" walues fluctuated irregularly
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Table = 3, Attenmiation soceffieient ("K* wvalues)

the menths of te
s 1981 at Stations 1 - 9,

S

m:ngnaa'gsonn
Oon

M

———

O 0 N 0 v & W N =

136 3.15 2.%h 4,29 7.50 10.0 5,00 2,50 5,00 3,00 1,20
188 3,33 1.88 3.75 2,50 7.5 3.75 2.1 5.00 3,00 1.50
160 1,50 2,50 3,73 2,0 15,0 2,50 1,88 6.00 2,50 1,50
.66 1,50 2,50 2,30 2,15 15.0 2,50 3.00 6.00 1,30 1,30
2,%h 3,75 1.88 2,00 1.88 15.0 3,33 3,00 7.50 1.20 2,50
2,50 1.50 3,00 2, 1,68 15.0 3.75 2,50 7.50 1.20 2,50
3400 3,75 2.30 2,31 3.00 13,0 3.73 3.00 7.30 1,20 2,00
3.00 3,795 2,50 2,31 2,50 15.0 3,78 5.00 7,50 1.88 2,40
1666 1,88 1,88 1.88 2,50 159.0 3,33 2.% 7.50 1,15 1.88

=



between 1,88 and 3,00 during April. A gredual reduction
frem 4,29 to 1,88 wvas noticed from Stations 1 to 9 during
May. But for the high walue of 7,5 at Statiom 4, it flu-
ctwated between 1,88 and 3,00 at other stations in June, as
was seen in April., July, as such recorded very high walues
of 10 and 7.% at Stations 1 and 2 and 15 in Stations 3 - 9,
Uniformly moderate values ranging from 2.5 to 5 were regi-
stered in August and 1,88 to 5,00 in September, As recorded
in July, increasingly high waluss were notsd during Ootober
with 5.0 at Stations 1 and 2, 6.0 at Stations 3 and & and
7.5 at Stations 5 to 9. In contrust to earlier momths,
November values indicated a decressing trend from 3,0 at
Station 1 to 1,15 at Station 9, The reverse was the case
in Decesbder when the value of 1,2 at Station 1 gredually
inereased to 2.4 at Station 8 wvith a fall to 1,88 in Station 9.

Texporal distridution:- Stations 1 and 2 hed values of
3.73 to 10,0 during May to August and in October. Stations
3 « 7 showed high values during July (15.0) and Ootober 6.0
t® 7.5. Station 8 showed comparatively high wvalues during
July to October (15.0 -~ 7.5). Station 9 recorded lower values
in all months except in July (15.0), August (3.33) and
Octoder (7.5). Monthly wariations in *K" value at eaeh
station indicated peak welue in July and a high value in
Ostober. In general, mongoon months exhibited high values,
postacnscon low values and premonsoon menths noderate values,



3.1.13,

During the present study, area-wise and monthly
variations, in colour and texture of the sediments were
noted, These changes vere largely brought adbout by
variations in the grain size and state of oxidation of
organic matter, Fig. 12 depicts, the monthly variations
in the percentage contridution of sand, silt and clay and
organic carbon content of the sediments, at Stations 1 to
9 estimated during the period of investigation, Table &
gives the type of texture of the sediment at the nine
stations studied.

The colour of the sediment, varied frou greyish black
at Stations 1 ard 2 to brownish at Station 3, black at
Stations 4 to 8 and yeddish brown at Station 9,

Station 1, exoept in December, rest of the months had sedi-
zent predominated by clay portion, forming 46 to 99 %,
followed by 22,5 to 39,6 percent silt, In Becember the
proportion of ¢clay ¢t sand : silt was 28 5 43 : 29, The
substratum, at Station 2 showed a different combination i.e.
clayey from Jamuary to April and in July, November and
Decenber, Reast of the months namely May, Juns and August
to October showed a clayey silt combination., Substratum,
at Station 3, also exhibited monthly variations as in
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Station 2, Jamuary to May and Decembder had a sandy bottom
with sand content varying from 63 to 97 pereemt. Also,
sand predominated in /ugust and October, with 42 to 48
pereent, During, June, July and September with a silt
content of 44 to 49 percent, it was clayey silt, wvhereas
sand and clay content was in the proportion of 40 s 45 in
November, 88 percent sand formed the substratum in December,
Stations 4, 5 and 6 had substruatum predominated by sand in
all, but for 5 months, Sandy portion at Station & varied
from 60 to 99 percent except in November where it was only
38 pereent. Station 5 was charecterised by a very high
sand content varying from 92 to 99.8 percent except im April
(79%). At Station 6, too, the substratum was dominated by
sand comprising of 91 to 99.4 perocent, during March to June,
September and October whereas in December it was 74 pereent,
However, during Jamary, July, August and November, silty
portion dominated, Stations 7 and 8 were unique to possess
a substratum dominated by silt, varying in composition from
45 to 72 peroent at Station 7 and 44 to 82 at Statiom 8,
excapt for August at Station 7 and May and August in Station
8, Station 9 also had a substratum composed mainly of sand
varying from 88 percent in Jamuary to 40 percent in December
in a deoreasing order, in addition to clay from Jamuary to
April and silt from Juns to Decembder,



Scatial waristion: At each station memthly pattern
of sediment wvariation wvas controlled by monsoon and other
man mede effects. In Jamuary, Stations 1 to 9 showed a
change from silty clay at Stations 1 and 2 to sandy sediment
at Stations 3 to 5, followed by silty sediment at Stations
6, 7 and 8 and was again sandy at Station 9. During Merch,
the silty sediment at Station 6 was replaced by sandy sedi-
aent. April showed no change from that of March. During
May, Station 2 had dominance of silt instead of Glay. Simi-
lar changes from silty to clayey at Station 8 and sandy to
silty at Station 9 were also cbeerved. In June, at Station
3, sand was replaced by silt, July, exhibited more changes
probably due to monsoon effeots having silt replaced by clay
at Station 2 and sand by silt at Stations & and 6, August,
too showed changes in sediment nature fyrom silt to sand at
Stations 3 and 7 and silt to elay at Station 8. The pro-
nounced change noticed in September, was at Station 6 where
silt wvas roplaced by sand whereas in Ogctober, at Statiom J,
dominance of silt was changed to sand, DNovember, brought
about changes at Station 2, by replacing silt by clay, at
Station 3 sand by clay and at Station 6 sand by silt, Deesn-
ber showed a replscensnt of the clay sediment at Station 3
by sand and, at Station 6 the silt by sand, In genersl,
drastic changes were noted during monsoon months and the least
changes in post and premonsoon months, Stations 1 and 5 re=-
mained devoid of any major changes, having clayey bottom
except in December at Station 1 and predominance of sand at



Stations 2, 3 and 6 were the most affested,

Station 5,

Texture of the sediments at Stations

1 to 9 during January to December, 1981,

Table = &,

Renths T

Jan,

Apr.

Jun,

Jul,

Aug.

Sept.

Oct.

Nov,

Dee,

C - Silty send;
F - Clayey silt;

clay;
E - Clayey sand;

A - Sendy silt;
D - Silty clay;



3.1.16. Orsanic carvon (mg/K):

Organic carbon, pressnt in the substratum exhibited
considerable spatial and temporel wvariations aceording to
the nature of the sediment. Thus consideradble variations
were noted at Stations 1 to 9 and within stations in time
as shown in Fig, 12.

‘Tesporal veriations: Station 1, showed an organie
carbon content varying from 8.36 in July to 23.63 in May
with a mean value of 10.49. In gemerel, a gredual decres-
sing trend from premonsoon to postmonsoon was noted from
January to December but for a peak value of 23,63 in May.
Station 2 recorded values varying from 3,66 in April te
22,05 in May with a mean value of 16.96. In generel,
spart from the low value of 3,60 in April rest of the months
had an organic contant of 93,9 to 22,05. At Statiom 3
values renged from 7.0k in April to 27.18 in July with an
average of 16.,42. In general the organic carbon gradually
rose from January to Septemder thereafter declining to 13,57
in Deoember. lore or leas the above patterm was followed
in Station 4 where the Jamuary value gredually rose to a
peak value of 23,66 in July and August which fall to 5.33
in Deoember', The values renged from 4,83 in June to 23.6
in August vith a mean value of 14.68, Except for the
Jamary and March values, Station 5 showed gredual decrease
from April/May to November/Desember. Organie carbon varied
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from 1,4 in Rovenber to 15.56 in May with an aversge of 6.8.
The substratum st Station 6, showed an organiec carbon content
varying from a low value of 1.19 in Octoder to 22,31 in May
with an average of 10.69. In gmnersl month to memth varie-
tions showed an irregular pattern. Orgsnic earbon at
Station 7 varied from 6.78 in April to 48.63 in July with an
averags walue of 13,39. Menthly fluctwations were high,
Statien 8 with & lov organic carbon eontent of 1,62 in
Noveober and a peak value of 20.76 in October had an average
value of 9,87, exiibiting considersdle fluctuation detween
very high and low values., Sedismnts at Btation 9 had very
high values renging betwesn 16.55 in November and 29.6 in
Mareh wvith a mean value of 20,08, Spatial variations
exhibited fluctuating values during premonsoon period, During
nongoon season the values showed an inereasing trend from
Stations 1 to &, Thereafter the values fluctuated., The
lowest values were noted at Statiom 5 and the highest at
Station 9.

On the whole temporal wariations were considerably high,
While very high values prevailed at Station 9, lower values
ocourred at Station 5. Fluctuations were more at Statioms 6,
7 and 8, Stations 3 and 4 showed an inerease in value up to
postmonsoon., Spatial distridution showsd uniformly high
values in all memnths at Station 9 and low values at Statiom 3.
In general, considerable fluctuations were noted frem station
to station,



3.1.17. Effluent sharseterigticss

he major portion of the industrial waste waters
produced in the study area of the river Periyar, amounting
to 260 million litres per day, are generated from a mmber
of large industries i.e., those producing more than 1,000
litres per day. Of these 180 million litres are discherged
inte the river Periyar and 78 million let ocut to Chitrapuzha
and 2 million on the land (KSFCB, 1962),

The factories included - 1) Fertilizers and Chemicals
Travancore Ltd,, 2) Travancore Cochin Chemicals, 3) Hindustan
ingecticides, &) Indian Rare Earths Ltd,, 5) Cominco Bineni
Zinc Ltd., 6) Indian Aluminium Company Ltd,, 7) Preaier Tyres
Ltd,, 8) Tata 01l Mills Ltd,, 9) Periyar Chenicals, 10) United
Catalysts & Chemicals, 11) Milma Diary and 12) Travancore
Chemical Manufacturin; Company Ltd,

The major pollutants identified from the above effluents
are - 1) Free ammonia, 2) Asmoniascel nitrogen, 3) pH,
&) BOD, %) COD and 6) Suspended solids,

The details of waste wvater/effluent flow from the 7
factories and water from one control site (upstream of the
industrial belt) at Eloor Kadavu are given in Tadble 5. The
effluent charecteristics anmalysed included, ammoniacal
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nitrogen, inorganic phosphate, nitrite, nitrate, alkelinity,
pH, ehlorinity, dissclved oxygen, BOD,. dichromate COD,

tesperature and suspended solids, The tadble also gives the
details of the above paremeters, with respect to the water
ssmples collected from a distance of 10 metres amay from

the discharge point of each effluent in order to losato

imnediate fate of the effluent, The results of a similar
analysis carried out in Fedruary 1977 (Serala Devi ¢t gal.,
1979) are given in Table 6, along with the details from the
Kerala State Pollution Contrel Board (KSPCE, 1982)in Table 7
for purpose of comparison. The details available from KSPCB
(1962) on industrisl waste water discharges into the river
in litres/year, and suspended solids, BOD., COD, sverage pH,
and other relevant data in tomnes/year are showm in Table 8.

Variations in different parametsrs during the period
of atudy as given in Table 5 are: Ammonia content discharged
as effluent varied, from 6,2 ug-at/l (Periyar Cheaieals) to
157.5 mg=at/1 (FACT dlack) in February, from 7.19 (TCC) to
8033.4 (FACT dblaock) in April, 3,77 (TCC) to 2657.3 mg-at/l
(PACT white) in July and from 6.95 (TCC II) to 413.2 ug-at/l
(FACT white) in August indicating considereble fluctuations in
the amount of amnoniz released, lowever, the water cellected
10 » away showed a renge of 14,39 (Cominoo Binemni Ltd,) to
172.77 (IRE) in February, 14.39 (Comineo Bineni Ltd,) to
899.3 (FACT black) in April, 3,77 (Periyar Chemicals) to
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508.8 (PACT white) in July end 10.42 (Catalyst) to 138.9
(IRE) in August., In all no correlation could be noticed
between undiluted and dfluted efflusnts. The agmonis content
from effluents collected in 1977 however recordad only very
lov values of 0,12 (Periyar Chemicals) to 3 ug-at/1 (FACT)
only while the water samples from upstreaz had oaly 0,03
ag-at/l. The control station from Eloor Kadawu during the
present study had emnonia content ranging from nil to 46.9,
showing highly irregular pattern. The above amalysis revealed
wide fluctuations in the anmenia content of the study ares
depenxiing on various factors as tidsl effeets and monsoonal
water flow patterm, It is worth recollecting that the
acospted value of amnonia as per Enviroemental Protection
Agmcy (1971) is 2.5 ppm. KSPCB (1960) noted ssmoniacal
nitrogen content fluetuating between 0,3 and 46 ug-at/l at
Eloor area during their pellution monitoring studies,

Inorganic phosphats contsnts of the effluents varied
from 2,56 (TCC I) to 107.16 ug-at/l (FACT black) in Fedruary,
1.37 ng-at/l (Periyar Chemicals) to 1628.3 (FACT white) in
April, 0.37 ug-at/l (ICC I) to 3926.2 (FACT white) in July
and 0,92 (Periyer Chemicals) to 22.9 ug-at/l (IRE) in August.
However, oftemn the phosphate contents of waters collected
10 netres smay from the disscharge point showed considerable
high/low values. Febyuary with nil to 93,4, April with 2.4
to 1628,5, July with 1,48 to 1111.2 and August with 0,92 to
76.12 ag=et/l. The control water from Eloor Kadawu showed a
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phosphate value renging from 0,62 to 11,3 only, During
pollution monitoring studies conducted by KSPCB (1980) at
Kloor area, phosphate walues were found varying from 0.6 teo
15.8 mgn/1 in the effluents. Thus dspending on tidal amd
sonsoonal flow pattern and local condition, phosphate walues

showed a highly irregular pattern,

Nitrite contents recorded low values, but for 110,69

Ag-at/l recorded in effluents frem Catalysts in July. During
February the effluents had a nitrite comtent of mil in ICC II
to 7.42 in TCC I. HNitrite values in April varied from nil
(ICC 1I) to 4.3 ug-et/l (Catalyst) in July from nil (7CC II)
to 110.59 (Catalyst) ug-at/l and in August froas nil (TCC II)
to 9,98 (FACT white). The control station at Eloor Ksdawu
also noted a nitrite content of 0,09 to 19.% ug-at/i. vater
samples collected from areas 10 metres awey from the effluent
diascharge hed nitrite contents varying from mil (TCC II) ¢o
29.06 (Periyar Chemicals).

Analysis of nitrate, during § months, of the effluents
discharged from 8 factories indicated higher walues than
aitrite. The values fluctuated between nil (TCC II) and
57.82 (Catalyst) in Fedruary, nil (T6C II) and 25,4 (FACT
black) in April, 1.6 (Periyar Chemicals) and %03.1 (Catalyst)
in July end nil (Cominco) and 51.72 (Periyar Cheaicals) in
August. The nitrets oontent, from waters sampled from 10 m
downstreea the diseharge point, showed in gensral lower values.



The uypstresn water at Eloor Kadavu recorded nitrate values
ranging fros 5.61 to 19.1.ug~at/l.

m,mamn.rmmtow.aun(manmt)
during Fedruary, nil to 18.5 (IRE) in July and 1,7 (FACT
vhite) to 7.4 (TCC I) during August, Effluents collected
Mmmmmmm,msmrm
1.3 (Zinc Smeleters) to 51.3 (Periyar Chemicals), while the
nﬁr.qhsbuwmmdamsmd% Eloor
Kedawvu recorded a BOD walue of 3.78 to 7.69. W,uluoa
were in genersl quite variable probably due to the relative
toxic effect on bacterial flore. KSPCB (1980) recorded
m,motO.BhSoO. Acsording to Enviroomental Status
Report of KSPCB (1982) the industrial waste discharged from
wmm”uam,mmnuo.mton.n
ng/l.

COD in genersl 1is indicative of oxygen demand. Earlier
studies on effluents in 1977 (Sarala Devi g% gl., 1979) showed
COD up to 4400 mg/l for effluents from Periyar Chemicals,
vhich produeed organic chamigals. During the pressnt study
however, COD for effiuents from Periyar Chemicals, flustuated
between 133.4 and 887.0 only. COD values for effluents from
other 7 factories ranged between nil end 17800 (Distillery
effluent), Amunummmsumaapmmum
by KSPCB (1982), COD of effluents from 10 industries ranged
from 2,80 to 558.2 tonnes/yeer,
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Bffluents rangsd from peorly to well oxygenated
condition as noted earlier by Sarala Devi gt gl. (1979).
While dissolved oxygen content varied from < 0,09 to
4.5 nl/1l for effluents from variocus facteries in 1977,
during the present study also sinilar variations wvere obser-
ved, Dissolved oxygen in the effluents ranged from 0.6A
to 4,08 m1l/1 in February, nil to 4,87 A1/l in April, nil to
7.86 in July and nil to 5.26 in August. VWhile the source
water during the present study showed a range of 4.3 to
5.42 m1/1, the upstreaz water during earlier studies recorded
up to 6.9 m1/1., The oxygen content of water sampled, 10 =
away from the effluent discharge site, recorded in genesrel
higher valuss ranging from 2,98 to 5.96 ml/l. Monitoring
studies by XSPCB (1980) showed Eloor area of Periysr having
dissolved oxygen content of 2,2 to 8.7 ng/l.

¥Vhile alkalinity values of the effluents from 7 factories
mmmcmwmw.aamm.aucacu,n. auring
the present analysis of effluents frem 7 factories registered
mt&_nnstrmb.9u793.6u0000,/1. Alkalinity veried
from 4.9 to 500.8 during February, 9.2 to 588.5 during April,
90.91 to 793.6 during July and 10.05 to 179.6 during August.
Effluents, from Catalysts and Distillery factory showed high
alkalinity values., VWater sanmples collected from 10 a sway
from discharge point also recorded varying alkalinity content.
Ituﬂodﬁub.ﬂtoﬁ.ZuCaCoyldumFm, 1.0



te 43.7 daring April, 1,79 to 166,0 during July and 5.03 to
199.0-¢Cn00,lldm1.n¢mmlt. Source water alkalinity
ranged from 4.9 to 15.15 in the Eloor Kadawi,

pH also waried oconsidersbly in assosiation with alke~
linity. pH measurements of the effluents from 7 facteries
veried from 2,1 to 11.2 in February, 3,05 to 11.8 in April,
2.4 to 11.4 in July and 2,8 to 12.3 in August. Both the
high and lov pli were contributed by TCC I and ICC II effiuents.
Catalyst and Chemjcals also showed high pH. Similar pH
measurenents done in 1977 however recorded a low variation
(2 to 8), pH neasmuenents on water semples collected from
40 metres awvay from the effluents discharge site, also
showed wide wariations in pH wvalues (3.55 to 9.9). pH
of 10 2 down from discharge site varied from 5.95 to 9.2
during February, 6 to 9 in April, 6.0 %0 9.9 in July and
3.55 to 9.2 in August. This indieated conaiderable redu-
otion in the acidity and alkalinity of water. pH of the
source water varied from 6.25 to 7.4. The reported value
of pH by KSPCP (1982) indicated lowest pH of 2.8 at Eleor
area rising up to 7.9. Aeccording to Envirowmental Status
Report of KSPCB (1982) pH walue of effluents frou 10 indue
stries ranged from 3.9 to 12.0.

Effluents, from the 7 fastories, had higher tsaperature
than the asbient temperuture. Tenperature variations recorded
were from 33.2° to 45°C in February, 33.6° to 43.2°C in April,
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29.5° to 43.2°C 1n Mily,27° to 36°C 1n August. Sinilar

higher temperatures vere noted during 1979 for the effluents
from 7 factoriss. lHowever, water samples collected from 10 m
away showed only low changes. The ambient tamperature

ehanged from 32.2° to 37°C in February, 33° to 34°C in April,
26.6* to 39,5°C in July and 25.5° to 30.2°C in August. The
tegperature of the Eloor Kadavu water also exhibited similar

variations from 25.3° to 33.2°C,

Cempared to the earlier observations on chlorinity of
effluents discharged from facteries, the present values were
very high. While values in 1977 ranged from 50 to 310 ppm,
during the present study, it varied from 260 to 3,470 in
February, 75 to 6,990 in April, 90 to 2,060 in July and 50
to 920 in August. Howsver, water samples collected frem 10 m
down from the digcharge point showed lower values., Chlorinity
renged from 125 to 2,780 in February, 75 to 175 in April,
4900 to 460 ppm 1n July and 50 to 720 ppm in August. Chleri-
nity of the source water at Eloor Kadavu varied from 100 to
460 ppa, while KSPCB (1982) noted chloride values ranging
from 12 to 9,500 mg/l.

Cozpared to the present results, suspended solids were
found lower in the effluents amalysed in 1977 from the same
ares and from the same factories. Suspended load wvaried from
lowest value of 8 in the effluents from Cominco Binani to the
highest value of 264 mg/l in the effluents of Periysr Chemicals.
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During the present study, suspended particles ranged
from 8 to 140 =ng/l in April; 14.29 teo 6,040 in July and 16
te 3135 ng/1 in August. The peek walue of 17,333 ng/l was
observed in the effluents from a distillery. Vater samples
from 90 o down recorded very low values probably dus to
fuctuation of organic partiecles. The values varied from
4.0 to % mg/l in April, 2b to 352 mg/l in July and 5 to
120 mg/l1 in August. The source water from Eloor Kadawu hed
a suspended load of 4 to 22 mg/l. According to the environ-
asntal status report (KSPCB, 1962) the total dissolved solids
content cf the water in the backwater comes down to 160 mg/l,
during monsoon, from values as high as 53,750 mg/l during
amoer ssason, The suspexded loed of effluents from 10
industriss ranged from 377 to 1,336.06 tonnea/yesr. The
above cbsarvations clearly indicated an irregiular souroe
of mpply of suspended load from varicus facteries into the
receiving vaters through the effluents, However, the initial
concentration was found undergoing substantial dilutioms in
the receiving wvaters. However, the values encountered in
the water indicated the sdditiom oi pollutants from other
sources as well,
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3.2.%. Faur

Station §: (Tables 9 and 10 a).

Amphipods mmbering 20,36,402 were found to be the
most dominant group constituting 96.4 % of the benthic
commmity with a meen valus of 1,85,155 /a°, This high
mmerical sbundance was mainly due to their high demsity
during the months from July to November, with a maximus of
18,38,637 /a? in the momth of August. Numerical abundance
showed considerably low values during April (28/m?) ana
December (42/m%), Seasonal variation revealed a mean high
4ntensity of 3.9‘0.387/I2 during monsoon which was abruptly
reduced to 20,035/a% in postmonsoon oulminating in 1,554/m%
during premonsoon,

Isopods muabering 61.666112 representing 1,96% was the
second dominant group of benthos with a monthly mean value
of 3,769/m%, Their high mmerical abundance was due to
their occurrence in largs mmbders (22.576/-2 and ﬂ.mh/-z)
during July and August respectively. Rest of the months
recorded couparatively low values renging from 56/m% in
Jamuary to 889/a° in Nevember, lHowever, they were totally
absent in December and only 14/a® were present in April and
June, Seasonsl wvariation indicated the asan high values of



rig. 13. Distridution of tetal mmber of bdenthes
at 9 stations during 1981,
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e 14, % Distribution of groups of benthos at
b Qn:nmduﬁum : .
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B.O‘l_Bllz during monsoon which uaMh 315/-2 during
postmongoon, Malovulmof93/nzdurmgpm.

Polychsetes mmbering 20,759 comprising only 0,98%
was the third sbundant group of benthos with a mean value of
1,892/n%, March and August contributed higher abundance of
7,762/a% and 4,483/a% respectively compared to the very low
value of 182/n? in December. Other manths showed moderato
values renging between 571/a® and 2,024/m2, The mean high
value of 3,074/n% during the premonsoon got reduced to
1,700/a2 in the monsoon and 1,032/aZ during the postmonsoom.

dNext in adbundance was molluscs mmbering 4,817 comprising
enly 0.22% of benthos, with a manthly mean valus of 438/m2,
May with 1,835/a% and January vith 1,752/8% were the months
of abundance. MNolluscs were not present in August and 14/m?
each ware present in June and July. Rest of the months had
noderate values ranging from 56 to 445/n%, Seasonal varia-
tions indicated very low wvalus of 31/n® during monsoon which
increased to 774/a? during postmonsoon and 780/m2 in pre-
Bonsoon,

Tanaidaceans mmbering 4,073 forming 0.19% of the
mmmmmm«uﬁ-mmyummo:
370/u?. Their mmerical abundance was due to high values
of 2,210/a® in August and 764/ in July.

Vhile April recorded total absence, moderate values of
BBBaMMSnumx!odmnummmumm

/
€28 51551313 ( 213)
SPe
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liovember respectively. Rest of the mouths had lovw values
renging from 14/a® to 97/u%. Seasonal variation recorded
mean high valus of 686/n% in monsoon followed by 171/ in
the postmonsoon and $2/a% in the premonsoon,

Sea anemones mmbering 3,684 forming 0,.17% of banthos
ranked 6th in abundance with a monthly mean of 331/a?,
Higher densities occurred in Jamusry (2,168/a%) and May
(1,376/a%). During the monsoon momths (June-October) they
were totally abamt, The rest of the months values were
very low ranging betwsen th and 56/u%, The density of
477/a% uring the premonsocn showed a substantial inerease
and reached 750/a? curing the postmonsoon vhile they vere
tétally absent during monsoon,

Miscellaneocus groups consisting of Echinoderm larvee,
Fish larvae, Nematoda, Sipunculids etc, were identified from
Station 1 mmbering 1170 camprising 0,05% recorded a monthly
mean of 106/u2. But for the high numerical abundance of
237 and 835/ in January and March respectively and their
total absence in the months from June to Septesmdber, the rest
of the months yielded very low mmbers of benthos renging
from 14 to 42/a®, Seasonal variations showed their mean
297/a% of high abundance in the premonsoon following very
lov velue of 3/u? and 88/m% during the momsocn and the post-
monsoon respectively.
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Other crustaceans comprising of 1) decapods including
crab megalope, 2) Acetas *v., J) Alphid =p., 4) Jalssus ®-.
and 5) insect larva mmbering 293 formed 0.01% of benthos
h:ﬁngannthlymorzahz. But for a mmerical
abundance of 139/a% notiocsd in Fovember and total absence
during June, August, September and December. Rest of the
months had only low atundancs renging from 1 to k2/a®,
Seasonel values showed a mean high valus of 51/a® during
the postmansoon followed by 32/a® during the premonsoon
and 11/u® in the monsoon,
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Station 23 (Tables 9 & 10 b):

Polychaetes were the dominant group at this Station
with 24,651 comprising 59.29 percent of benthic fauns with
an averuge of 2,261/s%, The low mmerical abundance of
528/a2 recorded in July sho¥t wp to 6,532/m° in August, there-
after maintaining a range of 1,029 to 2,990 during the rest
of the months, Seasonal average showed their mean higher
abundance of 2,756/m% in the monsoon which was reduced to
2,104/0% in the postmonsoon and 1,507/m° in the premcnsoon.

Second in abundence were amphipods mmbering 15,317
forming 36.84% with a monthly mean of 1,397/m%. Monthly
variations indicateda very high concentretions of amphipods
mmbering 9,864/a% in January and 5,254/a® in March, In
the rest of the year presence wvas noted only in May, June
and November and that too in mmbers ranging between 14 and
139/-2. Seasonal variation exhibited a very low ocourrence
of 3/a% in the monsoon, an increase to 1,797/a% during the
Wmummmmmmus.mhz
during the postmonsoon,

Melluscs méod 3rd in abundance with 669 comprising
1.61% and had a mean momthly value of 61/a%, Monthly ocour=
rence showed their total absence in the monthsef Mgreh to
September., They made their appearance in October in fair
mmbers (70/a%)rose to much higher values in Hovember (279/u2),
were still abundant in December (209/m%), but declined to



«31075~

much lower mmbers in Jamuary (111/m?). Seasomal variations
registared an increase from the meen monsoon value of 14/u°
nmhzmmmmmmmuaumabm
during the premonsoon.

Other crustaSeans consisting of decapods, cumacea,
chironomed larvae, tanytarsus, plectrocnenia and inseot
larvee mmbering 334 forming 0.8 percent were 4th in abundance,
having a menthly mean of 30/m®, Monthly variation showed
their high mmerical sbundance of 208/m® in January. But
for their total adbsence in the months of April, June, October
and November, rest of the months had a rangs of 14 to 42/m%.
mnwwum:mmmmot‘rb/lz
during the postmonsocn which was reduced to 19/a? and 19/w?
during the monsoon and premonsoon respectively,

Iscpods mmbering 241 comprising 0.58 percent of benthic
tmm.mﬂnyawctsllz. Their presense ooour-
Ted only in the months of Jamuary (56/m%), March (157/a%)

and Nay (28/n2),

Niseellaneous growp (Sipunculids, Nematode, Echinocderms,
Flatwors and Fish larvae) ranking 6th in abundance (224)

found 0,54 percent with a monthly meen of 19/a%. Monthly
ocourrence indiceted their total absence in April, August
and September, and low sbundance remging from ¥ te 42
during rest of the months., Seasonal average with a high
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mdnﬁwmmmmwﬁlf
wq/nzmmthopm.ndmmomnly.

Tanaidaceans, the least repressnted group in this
Station had only 140 mmbers forming 0,34 percent with a
monthly meen value of 13/m%.  They were totally absent
fron April to October and in December, They were pressnt
in low mmbers of 14 to 70/a? in the months of November,
Jaruary, March and May, Mean seasonsl value of 28/m®
during postmonsoon was reduced to 8/m° and 18/m? during the
acnsoon and premonsoon respectively,
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Station 3: (Tables 9 & 10 o).

Azphipods mmbering 57,278 comprised 76.95 percent
of benthic fauna with a monthly meen of &,633/a®, Majerity
of amphipods vere collected during March (22,193/w?) and
December (24,631/a%), High monthly values were noted in
spril (362/a), May (2,697/a2) and November (7,367/u%) wnile
July, September and October did mot have any amphipods, in
June and August they were recorded very lov mmber of 14/m2,
Vean seasonal variations indicated highest abundance of
10,666/a% during the postmonsoon which declined to a low
B.kﬂhz&aﬂnsﬂnpm teruinating in a sharp de-
eline to only 6/m? during momsocn,

Polychaetes mmbered second in abundance with 12,205
comprised 16.4% resulting in o monthly mean valus of 1,109/a%.
But for Jamuary, polychaetes were seen in all sonths with
higher density which renged from 1,140/m° to 3,768/m% in the
months of /jpril, Nay, July, August and October. Representation
during the rest of the months was low to the counts of 56/m®
in December, 98/n% in Septeuber, 164/m% in March and 292/u®
in June, Seasonal variations in mean values showed compare-
bles counts (1,714/m%) during the premonsoon snd 1,267/a in
the monsoon with a sharp fall to 241/a® during postmonsoon.

Nolluscs the third sajor component of the fauna of the

station mmbering 3,979 formed 5.3 with a mean of 397/aZ.
Monthly variations revealed their total absence during June,
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July and October. Large numbers were collected in April
(1,460/0) and May (1,335/u%). Medium oounts of 170, 375
and 487/a2 were noticed in the months of August, December
and March respectively. mmot%-%/lzm
recorded during January, September and November, Meen
seascnal variations indicated low veluss of 45/m? during
the monsoon which was raised to 139/ during the post-
monsoon and then to a high value of 1,094/m® during the
premonsoon,

Other crustacsans consisting of Cumacea, Chironomid
larvee, DpuyiSsus ., Elactrocoanis sp. and Ephwiry sp.
renked 4th in abundance with 431 nuambers realised 0.58
Maﬂamm&lyulmof”/lz. Of this a
maxioum of 361/u2 was preseat in October. Much lower
mmbers of 1h - 28/a%, were seen during May to August and
were totally absent during the reat of the months. Sea~
mlmhtmdtynhmdﬂuirmnwotmz
during the premonsoon, a maximum of 83/m° during the mon-
soon and total absence during postaonsoon,

Iscpods nmumbdbering 750 ranked 5th in abundance repre-
senting 0.352 percent of benthos, with a mean monthly ocount
of 35/a°. Monthly distribution showed their absence in all
months but for their presence in March, April and July with
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209, 153 and 28 respectively. Mean seasonal density
indicated their high population of 121/m2 during pre=
monsoon which abruptly deelined to 6/w? during the mon=
soon and total abssnce during the postmonsoon,

Tanaidaceans, mmbering 111 f.e. 15% of benthic
faune were collectsd only in the month of May., Misocellan-
eous groups comaisting of sipumoulidy nematedes, flat worms
and fish larvee mmbering 56 represented 0.08% of benthio
fauna, Monthly distridution recorded their pressnce in
April and July 28/m® each.
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Station &: (Tedles 5 & 10 4).

The most important compoment of the fauna of this
station wvas molluscs mmbering 26,098 comprising of 45.8%
with a monthly meen value of 2,453/w2. Mouthly vertation
1n mmerical abundance revesled a maximum of 11,426/a% in
May and a minimm of 14/m° in August, the rest of the months
having & range of 278/a° to 7,509/u°.  Seasomal avereges
indicated a progressive fall from 5,310/n? during the pre-
monsoon to 1,891/a2 during the monsoom and to 531/a? during
the postmonsoon,

Seocond in abundsnoe were amphipods mmbering 19,392
forming 33,04 pervent with an aversge value of 1,761/u®,
Monthly variation in adundance indicated a very high pesk
of 16,969/a% in March ccmpared to low values of 1,610/m® in
January and 1,070/m® in April followed by a sharp fall frem
90/3% 1n Moy to 28/m% in July and 14/m? in June, August
and subsequent absenoe in the rest of the months, Mean
seasonal ocounts of amphipods showed a low ooturrence of
%hzmnnguummchmhﬁ?hzd\lﬂmtu
mmmsom’mumpm

Polychsetes mmbering 11,680 comprising 19.9 percent
with a monthly mesn count of 1,038/a° ranked third in mme-
ricel ahundance, Their monthly variation indicated high
values of 1,099 to 4,992/w during March, ipril, Hay and
July. Moderate values of 140 to 626/a% prevailed in Jamuary,
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June, August, Septsmber and November. Very low values 56
and 16/a% were noted in October and November., Seascnal
aversgs counts showed high numerical incidence of $,761/w°
during the premonsoon, which was reduced te 1,066/m? during
the monsoon and a sharp fall to 269/ during the post~
nonsoon,

Isgpods mmbering 501 comprising 0.85 percent were
noted only during three months i.e. Jamuary (14/m?), July
(647/02) and sugust (70/8%).

Other orustaceans - Decspoda, Megalopa larvee, Cumacea,
Chirenomid larvae - mmbering 168 forming 0,29% were noticed
mymthm-mm.tvmlovmotﬂslnzmhnary.
26/n? in March and W/a? in April.

The least represented were Tanaidaceans mumbering 42
comprising of 0.07% were noted at low counts of 14 each in

Jamary, April and May.
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Staticn 31 (Tadles 9 & 10 o).

Polychastes mmbering 3,616 were the most dominant
faunal group of this station, They formed 42.89% of bemthos
with a monthly average of 319/a®. Their monthly distridution
showed a high sbundance of 1,071/u? in March, 2,099/a% in
April and a moderate valus of 250/s° in May, They were
totally absent from Juns to September, but were present in
negligible mmbers from October to Jamiary. Seasonal values
showed their rere presence of 3/m® during monsoon which rose
to 23/u® during postmonseon and resched the maximm of 1,140/a®
during premonsoon.

Seoond in sbundance was molluscs with 3,377 forming
&0,1% of denthic fauna, Monthwise distribution revealed,
their ooccurrence only in March (112/-2) and April (3.255/-2).

Aophipods renked third with 1,143 forming 13.56 pereent
of benthic fauna. Their monthly sverage showed 950/m?, Moath~
wise distribution revesled high population of 736/a® in March
and 139/n? in April and their total absence in the momth of
Jaznuary, Kay, July, August and Septsmber. Low oamts renging
from 1 to 42 were observed during the months of Juns, Octe~
ber, Hovember and December, Meen seasonal veriation indi-
ummmm(ﬂlz)mthom.uchm
raised to 28/n° during the postmonsoon reaching a peak of
MMMWM
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Other orustacesns (consisting of Decapoda, insect larvae,
Chironoeid larvee, Ipnytersus ., Sricoteous sylvestris,
Simuliug sp.) together constituted a population density of
293 forming 3.48% and ranked 4th in atundance with a mean
sonthly eount of 49/-2. Majoroty of these were recorded
in Jemary (181/a2), Merch (143/a2) and Aprid (97/e?). Very
low population counts of 14 to 42/m° were observed from May
to July and November and December. But August, September and
October did not record any of tham, Seasonal averages
recorded very low counts of 9/a® during the monscon followed
thzmthepwm.huhmtot&hzm
ths premcnsoon,
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Stasion 63 (Tadles 9 & 10 2£).

Polychastes mmbering 13,526 was the most abundant
group forming 85.3% of bemthic founa, with a monthly aversge
count of 957/a%. Distridution on a monthly basis revealed
a high population of 3,447/u® in March, 1,083/a? in spril
and 3,171/a® in August. Moderate values of 306/m? and
278/n® were noted in May and July respectively, whereas June
and September recorded low values of 14/n® and 83/m% res-
pectivaly, They were totally absent from October to Jamuary.
m.mMmorhummtothst,
1,M5h2m1.0ﬁhzmpmm-ndp«t-
aonsoon respectively.

Sscond in shundance were molluscs mumbering 1949
comprising 12.3% with a monthly mean count of 180/m%, Konth-
wise distridution recorded their total absence during Jamary,
July, September and Ootober, low ocourrence of 14 to 42/m?
in the months of March, May and December and high density of
205, 6h1 and 1015/u° in August, April and June respeetively.
Bumlwm‘udhmmzw-zmdw
soomal (250/u%) sbundance compared to the low valus of 19/u?
during the postacnsoon,

Amphipods ranking 3rd in mmerical abundance hed only
162 specinens forming 1.15%. They were present only in &
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months 1.0, April (84/mw?), July (28/a?), August (A2/m?)
mm(zah‘). cmmuthom(ﬂ/lz)m
WPMGIIZ)NWMnmm

of 20/n°,

Tanaidaceans mmbering only 9 constituting 0,09 %
of benthos were present only in April,

Similarly isopods also mmbering only 14 constituted
0.09 percent of benthos were recodded in August only.

Other Crustaceans funidentified crustacean larwae,
Anatoovnia sp., Eohvire sp., Bezzia ®.) mmbering 167
formed 1,05 peroent of benthic fauna, Monthly distribdution
values revealed high incidence of 111/ in December and
very low counts of 14/ in Jemuary, June, July snd September.
Rest of the months were totally devoid of adbove groups,
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Station 7: (Tadles 9 & 10 g).

Polychastes were the most abundant numbering 2,264,800
anounting to 99.6% of dbenthos and showing a monthly mesn
value of 20.556/!2. Their diatridution on a monthly basis
recorded their totsl absence in May and low numerical count
of 56/-2 in June, Almost all the polychaetes (1.90.66‘”-2) were
present in September. A high count of 14,499/u° was noted in
July, Rest of the months showed a low range of oount of 657
to 9,146/n%, Seascnal mean counts indicated their profound
.Wmmmas.mhzmumm-
dence of 2,575/a? in the postmonsoon and 538/a% during the
premonsoon,

Second in abundance were amphipods mumbering 627/a%
comprieing 0.28% with an average monthly value of 57/u?.
Monthly distribution revealed their presence in only 5 months,
January, Margh, April, August and September in small ocounts
of 28 to 306/a2, Seasonal meen counts showed a more or less
uniform distribution of 65/67/a% in both the premonsoon and
mcnsoon periods whereas the postmonsoon recorded low density

(32/u°).

Molluscs ranked third in abundance mumbering 140 compri-
sing 0,06%. They were recorded in only three months, March,
April and May, during the premonsocn with 42, 8k and 1h/n?
respectively,
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Other crustaceans consisting of insect larwvae,
Chironomid larvas, Digness ®p., ADAtopynis sp. renked
4th in abundance with 84 specimens comprising 0.4% of
benthos, Their presence was recorded in all the seasons,
but was restricted to the four different months, of April
(e2/u?), July (W/a?), August (14/a%) and Deceader (14/a?),
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Statiop 8t (Teble %0 h).

This station situated near the effluent discharge
points in the industrial complex was characterised by low
population and counts of benthic fauna., As such a total
mmber of 1405 specimens were encountered, imong these
polychaetes nunbering 947 comprising 67.4% with a menthly
mean of 86/a° were the dominant group. HBenthly variation
showed their maximm (653/m?) during March followed by low
counts of 98/m° in April and 84/® in May and September.
Very low counts of 14/a% were noted in the months of July
and October, Their totsl absence during rest of $he months
is notsworthy. Mean seasonal counts indicated their domi-
m(mhz)mﬁopmthhnp
22/a® quring the monsoon and their total absence during the
postmonsoon,

Nolluscs mmbering 430 compriasing 30.6% ranking 2nd
in abundance were present only during April (360/!2) and
Xay (70/w?).

The only other group pressuat in the station was
Chironomid crustaceans which are congidered as indicators
of pollution, In all 28 of them were collected during

Jamery.
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atation 9; (Table 10 1).

Benthic fauns of this station consisted of only three
groups Yiz. Polychastes, Crustaceans and Mollusecs,

Pelychastes mmbering 11,229 comprising of 86.3% with
a monthly aversgs of 1,018/a% formed the dominant group. But
for a pesk value of 2,968/ in May and moderate values of
1,961/a% in September and 1,557/m% in October, rest of the
months had a low range of 320/ to 890/m°. Seasonal averages
indicated pmemonsoon and monsoon oounts of 1,389 and 1.11o/h3
with a fall to 491/m® during the postmonsoon.

Second in abundance was other Crustaceans consisting of
ingect larwae, unidentified crustacean larvae, Djoxess ®p.,
Chironomid larvae, Anatopynia sp., Plsctrocnenia sp., Bastis sp.
Fay fly larvae, Ianviarsus sp.., weter beetle, Ephydre .,
and Platupinis sp., a total population of 1,583 comprising of
12.18% with a mean monthly count of 143/9°. But for a peak
value of 50/ in October, moderato values of 265/ in May
and 204/ in July, rest of the months showed a population
mpozzsu'ro/-z. Seasonal aversges indiecated values of
70 and 121/a2 during the premonsoon and the monsocn and a slight
increass to 163/a% in the postmonsoon,

The least represented fauna of this station, the melluscs
muabdbering 196 comprised of 1,%% of benthos . But for their
absence in the months of July, August, October and Noveaber,
their representation was low ranging from 14 to 56/!2.
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Table 11a indicates distribution of different species
of benthic organisms showing total mmber of specimen, fre-
ety of oocurrence, percentage frequency and seasonsl
averages vith rangs,

Station 1:

Six species of emphipods Corgphjup triasnonvx, ugdriviaio
bengalensls. Grandidierella gilesl, Sremdidierells bommleri,
Melita zevlsnica snd Ericpise shilkensls belonging to the
fanily Gemmaridae were identified. Rest of the amphipods
belonged to the family Caprillidase. Eventhough . $riaencnyx
and Q. bengnlensis were pressnt throughout the yeer only the
former mmbering 18,00,777 dominated by contributing 88,42%
of the smphipod fauna., A maximum mumber of 16,46,317/a° was
collected in August and the lowest counts of 14/m2 were noted
in April and December. Seasonal mean distridution showed a
peak occurrence of 3,54,372/m? during the monsoon which de-
clined to 9,209/a® during the postmonscon and to a very low
eamtotlozsllzmtm;:w. S. bengalengis munber-
ing 1,85,625 constituted 9.11% having a maximm of 1,69,955/a°
in August and minimun of 14/a® during April end December.

This species with a peak abundance of 35,306/m% during the
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mowaﬁdonlydulimdhz.thzmpom-m
amlowemmtornblnzmungﬂnpmon.

Q. gllegl with 42,200 specimens present in 7 months
and §. boonleri with 7,143 specimens in 6 months forming 2,07
and 0,35 percent respectively, were found in all the seasons.
Their meximm mumbers were 21,739/m° in August and 5,777/a%
in November respectively and had low respective densities of
209/® in January and 64/8® in May. G. gilegi mumbering
182/a° during the premonsoon incressed to 4,512/a% during
monsoon reaching a high value of 6,296/m% during the post~
monsoon. §. bommieri with a low population density of 140/w?
and 153/ during the premonsoon and the monsoon respectively
Teached the high value of 1,9686/m% during the postmonsoon,

K. zslaniog mumbering 1,056 (0,05%) was present during
2 months only with 222/m® in July and 834/a® in November,
B. ghilkengis rmumbering 70 comprising 0.003% was present only
in July with 56/m% and August with 14/m%., Caprillids mmber-
ing 112 and 0,005 percent of amphipods were recorded during
Jamary and May,

0f the 25 species of polychastes identified listed in
Table 11 a not a single species wvas present throughout the
year,

Digpatra nespolitang the most adundant species mmbering
3,027 was noted in all months except in December, with a maximum

of 751/8° in June and a minimum of 14/m% in Januery and Kovember.
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Heteromagtidas bifidis runbdbering 5,787 was present during
8 months with a maximum of 3,1468/a% in August and a minimum
of 14/a2 1n July end October. Prignomio pelvbranchista
mmbering 2,239 end Pista indics mmbering 1,724 oceurred in
7 months each with maximm counts of 543/m% in September
445/a% in March respectively. Lowest counts of P. polv=
pranchiata (14/n%) was noted in May and December and that of
. indice in May (14/8%). Ancistrosyllis constricts mmber-
ing 480 was noticed during 6 months with a maximum of 167/a%
in March and a minimm of t4/m® in April. Jupbriconereis
netoclrrats, Eunlce tubifex and Goniada seerita mmbering 3539,
167, and 209 respectively were collected during 5 months each,.
They recorded oounts of 337/m® in Marel, 111/a® in Mgroh and
83/82 in September respectively. All the three showed their
minimum counts of 14/e®, in December. Glycers scuyoluta,
Ericnosmic piapats and Parsbetercmastus temuis mmbering
J“hz, loﬂhz and %6S/n% respectively were present only four
months each.  jumbriconerels simplex represented by 4,463
and Lycastis indica with 376 were noted during 3 months each.

Four species namely Glycery aibe, Pepdropereis seshuaring,
Perinereis cavifrons and Haterogagtus aipilisg mmbering 125,
126, 70 and 111 respectively were observed during 2 months each.
Rest of the polychaste species nsmely, Ngohthys polvbrenchis,
H. eligohranchia, Notopygos ., Qdontesviidis aravelyi, Owenls sp.
Serpula yemnicularis. Sthenslals Dog and Jgbellidag . were




=3133%=

recorded only onee each during the period of study., But for
Nepbthys eligobranchis with 111, Sthepelals bog with 778, and
Sebellidae sp. with 222, all others showed lowest counts of
16/a2 each, 0f the 25 species sessonal variation studies
revealed presence of nine of them during all the three seasons,
3 in the pre- and post~ monsoon and one in the premconsoon and
monsoon one in the momsoon and postacnsoon, Rest of the 11
apecies were cbserved in one season each nanely 4 in pre-
m::::th-mnndbmth-pw In all
17 species were recorded during the premonscon, 15 in the
monsoon and 17 in the postmonsoon,

Nolluscan fauna comprised of five species of bivalves
emely Notiolia KCIABIYS Eilie Dol Esadors Slaom
and Jerstrix sasta and, Gastroped Littorio littecios and an
unidentified gastropod. J. shriatulus mmbering 3,634 was
Mhﬁnmﬂnvxﬂxammvuhwm
January and a minimm of 14/a? in March, Seascnal distribution
indicated a high density of 399/n2 in the premonsoon and
625/a? in the postmonsoon and absence in the mousocn.

E. Ziaxoss mmmbering 279 was present in aix months with
a maximm density of 70/m° in October and a minimm of th/w?
in Jamary, pril and May, mum@wm-m
bShz. M’mzs/-’mmpmmmpom
monsocon respectively,
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Psphis papilliions found in only three months were repre-
sented by 56 specimens showsd a maximum of 28/m® in March and
a minisum of 14/a? in June and December.

ALSa species mmbdering 387 were ebserved in March
(222/a2) and Ootober (167/a%).

K. gagta mmbering 14/a® ccourred only in July.

L Jit$oring mmbering 375 were recorded during two menths
of May (153/n%) and November (222/u?). The unidentified
gastropod mmbering 56 was recorded only in September,

Isopods were represanted by two species nemely Girrolinia
Luviatilis and Aptiurid sp., the former mmbering 41,243 were
collected in 9 months, A maximum of 22,574/n% was noticed in
July and e minimm of 14/ in April, June and October, the
latter mmbering 153 collected only in May (14/°) end September
(198/2%).

Tanaidacesns representsd by jpgeudss chilikansis and
Apasudes gymnophobium. A. chilkensis ruxbering 3,830 was
collected during 8 months the maximum mmber being 2,210/m?
in August and minimm 28/w® in January. A. gymocohobius 222
in number were present in 7 months showing their maximm of
28/a% in Jamuary snd September and minimum of 14/w? during
Ootober te December,
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Fish larvae mmbering 70 were recorded during & months,
uwa-mua/-’mmymmmﬂhzmm.

Echinoders larvas mmbering 167 slso were recerded in
four months with & maximm of 83/u in January and minimm of
ﬂ/-zmmmm.

Nematodes with a high abundance of 751 were feund in 3

months only with 723/a° in March and tA/n® each in Nay and
Ootoder,

Sipunculids mmbering 196 were from two months of January
(140/a2) ana March (36/u?).

Other crustacsans comprised of decapods Agates .,
Alobeid =p., Balagus sp. and insect larves, Of these decapods
mmummwa1a/-2mmm
and the lowest 14/’ in Jamuary, May and September. Bolamus p.
mmbering 56 was noticed durfing March (42/m%) and October
(t4/a2). 14 specizens of Agetes sp. were collected in Novem-
ber, 28 spewinens of insect larvee and Alpheidg sp. were seen
during April and July respectively,
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Station 2: (Tedle 11 1),

Ninetsen species of polychastes were identified from
this station. Of these only 3 species nsmely Hetaromestides
hifidus, Priguosio polybranchiata snd Lycastis indica were
present during 10 months of the yeaer and Nephthys polybrenchis
and Qwenig sp. during & months each.

Among the rest 12 species 2, 7 and 3 were identified
from 3, 2 and 1 month respectively,

Seasonal distribution studies showed presence of 5 species

nsmely Hetercmagtides bifidus, Pricucspio pelvbrenchiats,
Dendronerels asstuarins, Lysastls indlcs and Parahetereusstus
Jannils throughout the observation period. Four species namely
HSepbthys pelvbranchis, Oeenia sp., Anclstrogyllis constricta,
and Glyocers gonvoliyts were encountered during the premonsoon
and postmonsoon months, Cppitelln capitats and Hetercmagtus
2izillg vere noticed during the monsoon and the postmonsoon,
Berinereis cavifrens end Glvcers gibg were collected during
pre- and post- monsoon periods. Aphroditidae, Runice tubifex
and Gonjiada sperits were availadble during the prsmonsoon period
only, while Dicoetrs Despolitans was collected only during

monsoon period, [ugbriconereis notocirrats wes noticed only
during the poatmonsoon,
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Population density indicated H. bifidus with 15,901
mmbers as the most adundant species whereas E. fubjifex with
14 specimens was found to be the least. Rest of the 17
species showed density variation from 28 to 3,460.

H. hifidus mmbering 15,901 being present in all months
except in April had their mean pesk occurrence of 2,355/m%
during the monsoon which was reduced to 968/m* during the
postaonsoon and 407/-2 during premonscon. Monthly distri-
bution showed their peak value of 6,074/s% in August and the
lowest of 125/a% in Kay.

E- polYhranchiats, even though present in 10 months
showed reduced mmerical abundance of 3,460, The high mean
value of 690/ during the postacnscon was reduced to 228/m°
during the momsoon and 83/m° during the premonsoon. Monthly
variation showed a high valus of 778/m in November and low
value of 42/u? in September.

ko iDdies also present during 10 months with a total of
946 specinens hed their peek of 375/a% 1in May and the loweat
values of 14/m? in September, Seasonsl distribution indicates
a low density of 53/s® in the monsoon which gradually inereased
to 78/n? Guring the postaonsoon followsd by 148 specimens/m®
during ths premonsoon.

D. sestuaring present during 8 months nmumbering 1,432
Mﬁairpakmof”wlzmnprumdlmnm
of t4/n? in November. Seasonal distribution revealed their
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high oount of 336/m® during the premonsocn with a sudden
unuss/-zmﬂngtmmmsshammpum.

B. Samils mmbering 389 was present éuring only 5 months,
A peak value of 222/u® was in November and the lowest of 14/a?
on Sgptamber. Seasomal distribution showed the lowest pre=
monsoonal count of 9/w? being raised to 25/m? during monsoon

mammum/-zmmmmm

Of the 208 specimens of N. polybrsnchis collected in &
months & meximm of 199/m% belonged to May and the minimum
of 16/a% in Deceaber. S3easonal variations showed their
total abssnce in monsoon, low occurrence of 19/a% during the
postmanscon and 38/ during the premonscon.

A total of 140 specimens of Oygnia sp. were collected
during b months with a pesk of 70/a? in April and low walue
of 16/a% in June and December. 19/m® specimens were collected
during the postmonsoon and 18/m® during the premcnsoon and
their adsence during monsoon was noted,

1umorg.mmeo1mmmms
months of May (14/m?), November (42/m%) and December (36/a%).

Stmilarly A. SoRstriots also was present in three months
of May (348/n?), March (28/s%) and November (28/n?) yielding
a total of 4Ok specimens., Following seven species were pre-
sent during only 2 months ecach, They are jphroditid sp. in
March (681/n°) and May (14/a2), C. capitata in August (42/u?)
and January (28/w%), D. pespolitans in Septeader (195/a2)
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and October (70/u%), Q. albg in Jamuary (56/uZ) and in May
(2/n2), H. siailis in Jamuery (195/a2) end Octoder (42/u?),
Pists ipdics in Jamuary (28/a?) and Decsmber (th/a?) and
Perinereis cavifrans in January (83/w?) end in March (70/%2).

Three species collected only omoe during the study period
are - §. fubifex (14/n?) in March, g. sperita (28/w?) in March
and L. potocirrata (56/a%) in Descember.

Five species of Gammaridae nanely Corpphium $riasnouyx.

Suadrivisloe bengalenals. Srandidisrella slleal, 3. Reuulerl
and Nelita zevianicp were identified from this station,

8. Eilssi mmbering 5,543 was found during & months with a
peak density of 4,834/a® 1n March and the lowest of 4/m? in
May. This species which formed 36,19 ¥ of amphipod popu~
lation, wvas the dominant one, Their seasonmal distribution
Mﬂhﬂnmﬂtoum&/-zmmmpmnun
mesgre 231/n° éuring the postmcnsoon and total absence during
monsoon,

9. bengalanals mumbering 4,184 constituting 27.32 percent
of the amphipods was also present during & months with a peek
value of 3,988/a% in Jenuary and the lowest oount of 58/m%
in November. This species absent during the monsoon sppeered
in high densities of 1,534/n% in the postmcnsoon which decrsased
to 60/a? in the premensoon.
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C. 3riasnonyx end §. hopnieri which formed 3A,12%
and 0,82 % respectively were preseant only during 3 months

sach, Of the total 5,227 C. Sriasuonyx identified S5,143/a2
were in Jamuary, 70/ from March snd 14/a® in June. Simi-
larly of the 126 G. hounieri 56 cach belonged to Jamuary and
March and the rest 14 to May,

B 2aYlaniss mumbering 195 constituting only 1,27 %
otqupmmmamm(ﬁﬂ-z)ammmm_

Jamary (16/-2) each.

Species bdelenging to Caprillidse conatituted only 0,27
pervent., They ashowed their presence only once (March, bz/-z).

Among the smphipods Q. hensalensis end G. gilssl were
collected during the pre- and post- monsoon periods, whereas
C. lasnouyx veas present during all the three periods,

S. hornisri, H. Esylanies end Ceprillides were found during
the prenonsoon. All the 6 species were present during the
premonscon, whereas only C. friagenonyx extended its presence
to monsoon also. All the 6 spesies exoept Caprillid sp. were
also noticed during postaomsoon.

Molluscan fauna was sorted out inteo 4 speeies of bivalves
and 2 species of gastrepods, Of these one was present during
3 months, two during 2 months sach three in one month gach.

But for Pendora L£isxops the others were noted during the
postmonsoon,
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Yillorita syerinoideg mumbering 334 constituting 49,93 ¥
of the molluscs were seen in the months i.e, Jammry (111/-2).
Novenber (209/-2) and 1&/-2 in December,

Eschia nspilliong mmdering 84 and foraing 12,58 % of
molluscs, wvas collected in Novemder (70/'2) and Decembder (16/-2)

42 specimens of P. flsxogy vere collected in Octodber
which forned 6.27 percent of the molluses,

While ittoring littorina wes present in December, the
other gastropod (unidentified) was noted in September (20/m2)
and December (42/s%). They constituted 10.46 percent of mollusc
Cirpolinia fiuvietilis mmbering 42 formed 17.4 percant of the
isopods whereas Apthuridae mmbdering 199 formed 82,6 percvent.
While the forwer was noticed during January (Wiz) the latter
was collected in the menths of March (157/w2), Jenuary (14/a%),

and May (28/n?).

Tanatdaseans included Apssudes shilkensis and Aossudes
STmmbobium. A- Shilkensis mumbering 112 forming 80 % of the
tanaidaceans wvas present during 4 saonths with a naxiomum mmber
of 56/a2 in January and a minimm of 14/a% in Mareh. A. gyEno-
phobiup which constituted 20% of the tanaidaceans oocurred only
during 2 months with ¥ specimens/m® each (Jamuery and May).

Among the ainor growups nanely deospods, Cunacea, chirenomid
larvas, Tanytarmis =.., Risctroonemis m. and insect larvae,
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exospt the first one all were collected jJust once. ITanytarsus
sp. mmbering 14, insect larvae 14 and Plectroonenia m. 194
were obtained in Jamuary only, whereas 14 specimens of Cumacea
and 28 specinens of Chirenonids sp. were recorded in Mareh
and September respectively., Of the 70 specimens of decapod
collected 42 were in December and 28 in November.

14 Fish larvae were present in Ostober, July (14) and
Deosmber (28) shared the flat worm mmbers (42).

Nematodes numbering 56 were noticed in March (28), June
(14) and July (14). Sipunoculids mmbering 70 were seen in
January (14/u2); May (14/s%) and 42/a? in November. Echinoders
mmbering 42 were observed in Mgreh, July and Deesmber in
equal mmbers,
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Station 31 (Table 11 o).

Four species of Gammarids namely Corophium irissnonyx,
Susdrivisio bengalensis, Srandidierslls gilesl and Melits
2sylanjcg and one Caprillid sp. were encountered in this
Station, Of these C. trigenonyx mmbering 25,558 and forming
44,62 percent of the amphipods had a meximum number of 19,553/m
in March and a minimum of 42/a® in May. Its presence was
noticed in & months only., This species not recorded during the
monsoon indicated an incresse in pepulation from a postaonsoon
velue of 1,946/ to 6,573/ during the premonsoocn.

Q. bengalengis being present in 6 months hed a count of
10,508 (16.35%). Their maximun of 4,309/m% was noted in
Novesmber with the lowest density of 14/m? in April and in June.
Higher counts of 2,567/m® Guring the postmonsoon declined
suddenly to 937/m® during the pre-monsocn and 3/m° in the

Q. xilegi mmbering 19,877 forming 34.7% of emphipods,
was present in S months and had a meximum of 1&,73“/-2111
Deceaber and a minimm of 14/a® in August.

This also indicated a higher value of 5,931/m% during
the postmonsoon an abrupt fall to 690/m° during the pre-
monsoon and to 3/:2 in the monsoon.

The 4th species M. zeylanics mmbering 320 occcurred in
only in the months of April (42/u?) and Maren (278/22).
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Capriliid sp. mmbering 1,015 was present in 4 months, wit
aMM&?hzmmmalwmotallzuMlt.
This also followed the same seasonal pattern as the above &4

mnmamwmtuuﬂ-’mu
107/lztnth.pman65/lzmﬂum

Polychaetes comprised of 10 speeies., Of these one species
each was present during 10, 8, 5 and 3 months; whereas 2 species
each ocourred in 7 and 2 months. 7Two species were collesctsd

one month each,

0f these eight species nemely Dendrenerels asstuarine,

A RICIIA LAy & B BRI RANS UNBIER BA4
Glycera sanveluta and Subifex were present during the
premonsoon, Monsoon periods had the first 6 species and
Capitells capitats vhereas the postmonsoon recorded the first
5 species and Owenis sp.

Five species were noticed during all the three seasoms.
Seasonal variations indicated the presence of one species
during the premonsoon and the monsoon, 2 species during the
premonsocn and one species each during the monsoon and the
postaonsoon,

B. ssatuaring mmbering 4,296 were present in 10 months
with a peak of 2,266/m® in April and low density of 14/’ in
October, Seasonal variations indicated a gradual redustion
from 815/a2 during the premcnsoon to 306/m° during the momsoon
and 79/m® during the postmonsoon.
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L indice present in 8 months, mumbering 1,733 showed
its maximum occurrence of 709/m2 in October and minimum of
$4/u2 1n Novesber with a seasoual variation showing gradual
inorease from the postmcnsoon (5/-2) to the premonsoon ('m/-z)
and gpart in the monsoon (306/w?).

8. hifidug mmbering 4,490 and forming 36.79% of poly-
chasts was present during 7 months with a high density of
1,279/5% in August and low density of 36/ in March, Sea-
sonal changes showed gradual inoreass from postmonsoon (97/m2)
to premonsocn (528/a%) and monsoon (523/m%),

E- polybranchists also was present in 7 months, cosprised
of 8,46 % of the polychastes and with a total of 1,043 speci-

mens., A maximum of 375/n? in March and low ecunt of 14/w?
in October was noticed. Seasonal variations showed a pro-
gressive reduction from the premonsocn 204/m° to the monsoon
&hzandmpommﬂllz.

E. 3amiig ooccurring in 5 months had a total of 472
specinens and formed only 3.87 percent of the polycheaetes,
It's peak was found in July (222/n%) and the lowest mumber
(%4/u°) in May. Seascnal distribution showed a gredual inerease
mmvm9h’umpmu/-’mm
moonsbllz.

L. sayifrons mmbering 98 specimens and foraing only O.8%
of polychaste population ocourred in April with &2/a° and
September and October with 28/m° each,
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56 specimens of C. ggpitatn which formed only 0.46 percent
!
polychaste were present in August and September with 1; speci-

nnalnz each,

G. sonveluts wes also present in 2 months (/pril and May)
nth“mwlzuoh. This formed only 0.22% of the
polychastes,

Fourteen specimens each of Qwanis sp. and K. fubifex
were obtained from November and April respectively, This formed

0.11 peroent of polychaete pepulation,

Molluscan fauna was represented by 3 bivalves and one
gastropod species Yillorita cyprinoides mmbering 1,799 and
forming 4,7 percent of molluscs, were collected in 6 months
with a peak ocourrence of 876/s° in January. Seasonal ehsnges
indicated a Very low monsocnal density of 3/u? reising to a
poshmocnvaluootlﬂ/-zandannnptwrtbm/nz
during premsonsoon,

Pendora flexoss vith 1,738 specimens formed 43,.68% of
benthos were recorded in 5 months, It showed a peak value of

709/a? in April and minimum oount of 28/m® in December. This
species was not recorded during the monsoon. 1!)apochou/-z
were present during the postmonsoon which spurt up to 449/m?

during the presonsoon.

Bodiolus striatulus mumbdering 42 was present in April
Zallzandmnwnhﬂllzandtomdcnly 1.05 ¥ of melluses.
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The gastrepod Littorins littoring was present in 5
months and formed 10,835 % of molluscs, Of the 432 specimens
saximm of 306/u® was found in May and the minimm of 14/u®
in April and December,

Seasonal variation showed similar trend during pre-

mandpumn-urmnwuchmm
mww}-’mm.

Two species of isopods, Anthurid sp. and Cirelinia fli-
Yiatilis wvere identified. 14 specimens, of ¢. fluviatilis were
collested inJuly and Apthuridsa sp. mmbering 376 from 3
months 1.e. March (209/%), April (153/n°) and July (14/m?).

Tansidacean represented by one species Apgeudes chilkensis
mmbering 111 was recorded in May.

Cumacea mmbering 14 was present in March., Isnvtarsus sp.
Pisctrospenia sp. and Jhydre sp. mumbering 14/’ each were

al
mm,mﬁnmmt.mmntmmmmﬁ

Chirononid larvae mmbering 375 occurred in September
with 361/a® and July with tb/u?,

Sipunculids and nematodes mmbering 14/m® each were
collected in April while first worms and fish larvae mmbering
110/-2 each were noticed in July,



«$1608=

(°ady) 29
- - - - .S.WE.« 96°0 2z o WO Wt
(*¥nv) 82 (o8a)l99 2z ¢ Lo Ly v { Y]} svpTITIXER)
(°*ae
(£ou) 2v nmnmw 9%6L - €L69 o9°yy | : {44 £
S S
(*3nv) 4L yein 1665 € 069 1 TAL 1 S LLB6Y £} 0
‘unp ‘Ao
...nms ot Amonev L1962 < L6 scoet 9 SO50L %
‘ON °e0UAl
‘sIuo  ‘SNIuoy STursar  eFuasaw sfeasas Lowend =1M000 YO suswtoeds O seTo0dg
/T ONUTH /°ON°XEB UCOSUOESOJ UOOSUOY UCOSUOWALJ =8xj ¥ Louenbarj Jequrmt T30}
VO ISV

*¢ uoTINigs 3¢ sefereaw Hccoa! pue Lousnbexl -Qﬂw.““mu
‘sous1an0o0 yo Louenbexy ‘suswiosds o Jequrwr (w303
susTuedao STHIUSq JO SOToeds JUSISIITP JO WOTIMQTIISTE °O || - STQWY



-1 1613~

- - - - (x&v)gt L0 (3
- - (aon) 9t - - tL°0 b
£ i
- it - - M.-ﬂwu.. 22°0 4
*3des)yi
AA.!.«W«.. - 99y°0 e
(°390
- ¢e3des)gz (adv)Zy  08°0 €
(L) 41 (Inp) 222 6 ;) oy L€ 4
(*300) &b (aon) GLAC i L)) %02 9%'e L
(“a®) 9¢ (Inv)6Lzi 73 €26 82% 6L°9% L
(°aon) 9 (390)60L ¢ 90% oL of y 8
(*ady)
(°300) %i 9922 6L - 906 ci8 6L°¢e Ol
o | *ON*99UBX
‘NPUOK ‘SPIUOR  sFeseaw sfezeas sfurean Louend «anBo0 YO suswtoeds 3O setoedg
/ ON°UTH /°ON°Xuy UOOTUOERSOJ UOOSUCHK UOOSUOERIJ ~8Xj % Aousnbarg Jequr Te30%

vIEwhrod
(°PauoD) °o | - ARy



** *pyuo)

*seq
amuas.: (AeW)90€ LC L 14 ¢8°0b [4 -1 g
- - - (Srwiegp (adv) 82 GO°% - 29 £
(o0q) 82 (2dV)60L OFL - 6 B89€Y ¢ ecli WEREYY Wopheq
(usp) 9L (Ae))9l8 Ly € 9% Ol 9 66414 g
]
T - - (AoW) L4 00°00L (18 g
VSTV
- . - oM - &t 4 " e s
adv) ¢sb
- - - (o) 9 Mo!w 602 o996 £ 9LC ST

—vguod 30
*oN *aous:
*SRIUON ‘SRIUON  efuzear sfexaar afwzeavw Louand ~an00 JO suswmpoeds O seyoedpg
/ oN°UTH /°oN°Xey UOOsSUOES04 WOOFUOY UOOSUOEAI] ~8ii ¥ Lousnbaxs Jequn Te301

VB

(°*Paw0)) *o t} - oIqeg



000880

«31631=~

- - - (™) v - 00°€Z . 7 ORAISY UST4
- - - (™) 9 - 00°62 ¢ v saroA LI
- - - - (°sdy) 94 00°G2 b " bl ag b
- - - - (~ady) 9t 00°¢2Z ¢ v wsproTrouUNdys
= - - (*Te)e - 02°¢ t ” *ds WHIUS
= - - €3 GTHTT = o2°¢ ¢ " & FIESEBISTd
- - - (*Bnv)ei - 0Z°¢ b " *de FRETOIAUNY
- - - - (‘x%) 94 02°¢ 3 " wsowry

(Yot _
- - - (3deg) b9C - 09°s8 z 971 SRAINT PTWOUCITYD)
—vEuol 30

“ON° SoUB
‘TNPIWON  SPUOK sfuasar sTezaat sfursar Lowestd «-Ino00 JO suswyosde JO
J°ON°UTKH /°ON°®XU) UOCOSUOEIEOJ UOOSUOK UOOSUOESIJL -8ig % Asusnbazg lequnu T8303

S

seoeds

(°pauod) °o i - STQN




-3 1643~
Station &3 (Tadble 11 4),

Five species of Gesmeridae nemely Corgphium trissnonyx,
Suadrivigio dengalengis and Srandidierells gilesl, Erioviss
Shilkenals, Nelits zevianica snd one Cpprillid sp. were
encountered of which . trisenonyx and G, gilesi formed
56.19 and 35.69 percent of amphipods while Q. bengalensis

constituted 6.31 percent, and E. ghilkensis and B. zeylanica
formed 0,07 peroent each,

Of the 6 species only Q. hengalensgis occurred during 6
mm.g.mmg.mmmummm
3 months each, Ericpiss chilkensis and Helits zevianics in
only one month each. Except G. Rengalensis which was present
during the monsoon periocd also all the above 6 species were
recorded only during premonsoon and postmonsoon periods,

Q. bengalengls mmbering 1,224 forming 6.3 percent of amphipods
were recorded during six months, with their peak number of
737/2% in Jamsry and low count of 14/m° in June. Seasonal
variations indicated high density during the postasonsoon
(263/u?) with a gredusl redustion to 143/e® during the pre-
monsoon and sn abrupt fall to 5/m° during the monsoon.

£ $xiasnonyz with a high density of 10,8968 was présent
anymmsmmuthammmorwmw-zu
mm.mum’nm. This species bdeing
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abmtmthomuoomdalwdmntyotﬂlzu
pwmmmmmanamors.m/-‘mm
premonsocn,

G. gilesl also with a high density of 6,922 (35.69%) was
present during 3 months showing a peek mumber of 6,338/m% in
March and a low density of 28/n? in April. Being absent
during monsoon, premonsoon and postmonsoon showed an average
of 2.122/-2 and 185/n% uwtivoly.

E- shilksusis and M. zevianics mmbering 14/n’ each were
recorded during Jamuary and March respectively.

Caprillid sp. with 320 specimens present in 3 months
anﬂkmmofﬂahzmwummmu
14/n? 1n May.

Eight speeies of polychaetes nsmely Dendronereis
asstuerine, Ericmepsio pelvbranchists, lveastis indica.
Hetsremastides bifidus, Parabetercoastus tepulas, Heterceastus
aiaills, Qvenls sp. and Euplog tubifex wers encountered. The
dominant speeies P, tepuis formed 40,67 % of polychastes and
the second dominant species P. pglybranchista formed 27.26 %,
D. ssstuaring and H. bifidus formed 10.14 and 10.36 percent.
The three nemely Y. gizilus, Owenis sp. and B. tubjifex formed
0.12 peroent each of the polychaste population,

Of the eight polychacte species D. sestuaring wes recorded
in 9 months, P. polybranchiata in 8 months, Lycastis indlies
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in 7 sonths, H. hifidus in 6 months, P. teguis in & months and
B. ainilis. Owenip sp. and E. tubifex in one month each,

Seasonal variations indieated presence of the first &
species in the 3 seasons whereas P. fenilg wes present during
the presonsoon and the monsoon, H. sinilis, B- fibifex and
Owenia sp. occurred during the pestmonsoon. pD. seEiMArADA
vith a density of 1,184 present in 9 months showed a peak
density of 431/s in May and low denaity of 28/s° in Harch and
December. Seasonel variation indicated a low denaity of 61/a°
during the monsoon 116/a® during the postmonsoon and 176/a®
during preaonsoon,

R. polybranchists mmbering 3,182 specimens having present
in 8 months with a peak density of 1,168/m° in March and low
density of 14/e® in August. Seasonal variation showed a pesk
value of 917/a during the premonsoon with an abrupt fall to

”hzmthmmSSIIzmﬂupum.
L- indics present in 7 months had 377 specimens with a
peek value of 97/a% in September and 14/a% in April.
Seascnal variation indieated a high value of 50/a® during
the monsoon. Gradually declined to 19/m® during the post-
mmumzmmpm
H. difidus with 1,210 specimens ppesent in 6 months
showed a peak value of 459/ in July and 14/ in April.
mmumMuMammqu
thcpom-hoitwtoﬁ)/-zmtbpmmd
161/-2<hr1.n¢ﬁnm.
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Eventhough P. teguig present in only 4 months was repre-
sented by 5665 specimens, with a maximm of 4,239/n in July
and a minimm of 14 specimens/m?® in September.

Seasonal variation indicated a total absence during the
postuonsoon with &7/ during premonsoon and GQOIIz during
tbolonloqn.

B. aiailis. Owvenla =p. and E. fubifex with 46 specimens
ecach were recorded once was during the postaonsoon,

Molluscs comprised of 2 species of bivalves and one of
gastropod, ocourred in all the three ssssons. [Pagdors
exose present during the pre- and post~ monsoon.enly,

Yillorita cvpringides collested during 10 months had
20,618 specimens with their peak ocauirrence of 9.299/-2 in

May and lowest in January (28/m?). Seasonal variations
showed a gredual faull from the premcnsoon value of 3,720/m?
to the monsoon value of 1,774/m° followed by an abrupt fall
totbo.polhonm‘lﬂ/lz.

Littorioa ldttoring was present in 7 months consisting
of 3,4k8 specimens/n® with a high value of 2,113/s% in May
and a minimum of 44/m® during January and March. Seasonal
aversges indicated a siden reduction from 978/m? during
premonsoon to 100/a2 during monsoon and a low denaity of
3/a% during postmcnsoon,
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Isopod fauna represented by ARUurid sp. cosprising
of 501 specinens was present only in 3 momths with a renge
of 4/u? in Jamuary and 417/a? in July. Their total abssnce
during the premonsoon was followed by a low value of 3/a®
during the postmonsoon which rese to 97/m* during the monsoon.

Tanaidacsans also represented by a lone species Jnanies
AERehobiug were present in three moemths of Jamuary, April
and May with 14 speeimens per unit area each,

Among other crustacesns 70 specimens of decspods were
recorded in Jamary, Mm%ﬁampnmt-
in January (56/m%) and March (28/m%) during the premensecn.
Fourtsen specimens of Chineromid larvee were noted in April,



-31693~

...3‘0

(3des) ot (Tr)&czy - 08 Liy L9°0y v
(adv) o (Ine)66y ot (LY €St 9€°0} 9
(adv) w4 (3des)i6 64 (4. 1 4 Z2°€ L
(*3nv) o Amuﬂc €6 T4 246 w2°L2 -]
(°o0q (
‘eawy) 82 emus 9t 9 9L yi°ol 6
- - - - (xew) #b L0°0 b
(*uep)
- yit - - 40°0 b
(uep L
- - @ - Mo
(*adv) 82 ﬁommws ol - eI 6%k ¢
Sizon
(uep) 4y 1201 (1 - 829¢ 61°9¢ <
(uep
(~unp) gt Ev gye ¢ Sl 1€°9 9 w22\ %
— 30 3O
‘oN ‘scusx

‘SQIUON

‘s  afexeaw s¥azeas efezsae fouemd

«IND30 JO suewToeds JO sepoede

/ON‘UTH /°ON°X®{ UOOSBORSO04 WOOSUOY UOOSUOWRLJ -8Xi ¥ [Aousrbexs Jequrw 130T

‘g oI IV sefuzsAv TRUOSEes pus Lousnbaxy
‘305UaIITY20 JO fousndeaxy ‘susuroeds Jo Jequwz 19303
sEmIuUedIo OTIUNG JO S0T09dS JUAIEIZITD JO UWOTINQTIISTA °D L) - sTQWY

VAo RSV

usosxed
AOUS



«$1701=

(*aoq ,
‘uep)yb (Aw)€iiE (4 004 eL6 08°2

L

(Le) 9l (SVH) SO gzz = 9 26°0% 4 2€a2 Wy wIpesd
(°wep)eZ (Aeq)6626 761 wLib o2LE $9°9L ol giLooz TEPTSUTINXS WYISTITA

VISATION
(adv)yt cc°8 i 9l PTIOUOITY)
(‘usp)ol - - g9°Ly b ol wpodeoeq
(‘uer)og - {ae)se 00°0% 2 e weowrm)

TVAOVISMID) 64N0WD HONIW
(Cuep)or - Mnﬂw# 00°004 (4 2y !ﬂﬁ

VHVATRvE

(eRgs

(‘uep) g (INPILLY = 00°00% ¢ 405 swuprIRIUY

VS HEY
(*uer) ¢ - - Zi%o b (7 WITIR BTony
(aon) 94 = - 21°0 b v *ds WIUSRS
(‘usp) b - - 21°0 b " %

— ' igaod JO

*ON *S0UBX
‘SIRUOY  ‘THRWON  fexsat  sfursar  sfwrsaw fousnd «Ing00 o sUBETesds JO seyoede
J°ON°UTH /°ON*XU) TOOSUDWISOL UOOTUOY UOOTUOWAL] -8Xg ¥ Lousndbexy Jequew Te301

[en-e-an-an — =

T Ru5)) Viavioa1od

(°*Pacw)) °p LI - eTQWL



«3171s

Station 5: (Tadle 11 @).

Amphipod fauns consisted of 6 species nomely Quadrivialo
shilkensis, Coreebive trisencnyx snd Ceprillid sp. ALl
fpecies were present during the premonsoon vhereas Q. bengal-
0848 occurred in all the 3 seasons and G, gilesl extended its
presence to the postmonsoon also,

Q. bsnzalengls oomprising of 306 specimens were recorded
in 5 months with & pesk ocourrence of 250/s° in March and low
occurrence of 14/m® each during April, October and December,
Seasonal variations showed its abundance during the premonsoon
88/a2 with an abrupt fall to 8/m° in the monsoon and 5/ in
the postacmsoon. §. gileal numbering 430 specimens were
present in 3 months with a pesk of 305/y° in Harch and a low
count of 111/m® in /pril. Being totally absent during the
mtboposmonulmotshzaﬂdanymmto
129/a2 in the presonsoon. N. zeylanica forming 111 specimens
was recorded in March (97/a%) end spril (t4/a?), E. shilkenais
and C. Sriasnonyx were found to ecour only esch during March
with 28 specimens/a® each,

A total of 240 specimens of Ceprillid sp. were present
in March and April, mmbering 143/s? and 97/ respectively,

Polychaetss comprised of 7 species naxely Dendronsreis
asstuarine, Parshetercoastus tenuls. Capiiella cscitata.
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Exicnospic pRolviranchiate, Heteromastides bdifidus. lLycastis
Jndics and Islehsspia apnandalel.

Of these P. temnis was found during the three seasons
vheress H. hifidug wes found during the premomsoon and RORsSOon
periods. D. ssstuarine and P. pelybrenchigty were noticed in
the premonsoon monyhs only. £. ggpitats was noticed during
the monsoon and the postaonsoon periods whesress . ipndicp and
I. anpepdalel mumbering 28/-2 .nn.u/-zmnwm
Jamiary and November respectively,

Molluscs were repressnted by 3 species namely Villarita
Swrineides. Pendors Lisxomss end Littorina Jitterins mmbering
429 was collected in March (42/m%), and April (3e7/).

Decapoda mmbering 181 were found in Jamary (167/a%)
and Decenber (14/a). Twenty eight insect larvae were recorded
in 2 months, 14/8° sach in June and December.

Fourtean Chironomid larvae were collected in Jamary.
IaRYSATIIS . mmbering 28 was present only in December,

Fourteen specimens of Crigotopus gylvestris end 28
specinens of Simuliup sp. were recorded in May and Jammary

respectively,
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Station 6: (Table 11 2).

Sapitells cmpitata, the most dominent polychasta species
mmbering 8,369 were collected in 6 months with their peek

value of 5,046/82 in August and low value of 28/’ in July.
Seasonal variation showed the low coourrense of 18/m? during
the premonsoon which inereased te 1,031/m° during the momseon

Next in stundance was Depdronerels sestuaring mmbering
&,712 spreed over in 5 months vith a pesk velue of 3,447/m?
in April and the lowest value of 14/a° in May and June,
monsocn, & low velue of 53/m? during the monsoon which rose
to 1,482/a% during the premonsoon,

Ferty two Lyeastis indies and 139 Heterceastides bifidus
mmmzmmw(zﬂ-’)mm(uhz)
accounted for the forwer while August (125/m2) and May (t4/a?)
hed the latter.

Erimomic pelriEsnshiata musbering 264 vas recorded
enly in May.

Amphipods were represented by 3 specieshemely, Quadrivisio
bencalensls. Grepdidierelia gilesl end Cerillid s.  They
were present in 3, 2 and 1 month respectively, While
Q- beusalensis mmbering 112 was present in April (70/w?),
July (14/u?) and Decenber (25/u?), Caprillid ep. mmbering
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56 was recorded in July (14/n®) and August (s2/m%). g. gilesi
mmbering (th/u?) was seen only in April.

Rolluses comprised of 2 species of bivaive namely
Yillerita eyprinoidas aod Pendora fisxosa. B- fissess vith
high mmerical ocourrence of 1,587 was noticed during 5 months,
vith a saximm of 1,015/s® in July and s minimum of 28/n° in
May. They were present throughout the year showing the lowest
value of 14/u® during the postmonsoon which reised to 111/a?
m'mwmm.wwum‘
during the msensoon,

Y. syerincides mmbering 363 was colleeted only in 3 months
with a peak of 334/m® in April and 14/u® each in March and
August, In addition to the above 1,271 mmbers of empty shells
also were sorted ocut alomg with 2,502 empty shells of Litterine
Adttorina.

Fourteen specinens of isgpods represented by a lone
anthurid species was present in August, Simtilarly th tanai.
decsans belonging to one species, Apgeudss gvmcphioblyg, were
noted in April.

Rest of the 4 speeies from this station were of riverine
forms,

Twenty eight unidentified worms, 14/n° each were observed i
July and June; while 111 specimens of Apnatooynis sp. was found
in Decemder, 14 apecimens of Ephydre sp. was present in Jamary
and 14 of Peggis ®. in July.
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Statien 7; (Tadle 11 g).

Statien 7 cemprised of 16 species, & species of
amphipeds, 7 of pelychastes, one each of melluscs, insect
larvae, chironoanid larvee, Dismess and Angtepynia. Their
mmerical abundance indiecated a very high occurrence of
Cepitella cepitaty with 2,22,738 specimens being present
over 8 months, Of the rest of the species Dendresareis
20stuaring vas seen in 5 montns, Qusdrivisie beugaleusis and
mmusmm.ﬁwﬂnm.m
2 months sach. But for D. gestusring with 1,546 specinens,
rest of the 14 species were recorded only in few mmbers,

While only C. sapitata was present during the entire
period, 10 species were feund only in one season and rest of
5 in 2 seasons each, uhereas 8 and 10 species were found
during the premonsoon and monsoon period, the postasmsoon had
enly & species.

C. sapitats was observed in 8 months with a peak value
of 1,90,639 in September and s lowest value of 28 in June,
Seascnsl veriations showed a high value of 43,446/a® during
the mensocn, a low value of 1,911/a2 during the pestmensoon,
which suddenly dropped to the lowest value of 4/n® during
the premonsoon.
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Next in abundance was D. gastysring with 4,546 specimens
cellected during 5 menths with a peak value of 9%59/a% in April
and s low mmber of 14/ in August. Seascnal variation
indicated high mmerical sbundance of 492/a® during the pre~
monsocn followed by an abrupt fall te $4/a® during the memsoon
and total absenee during the pestacnsoon. Jaouary and March
recorded 28 specizens/n” of P. polvbranchiata. k- indiss
mmbering 28 was noticed in the month of Merch (14/mZ) and
August (t4/a?). H. hifidus mmbering 8k was also present in
the 2 months of Merch (6/n?) and Septesber (26/w?).

Sals . end P. temulis vere present only in one month
each, January (334/n2) and June (14/m?) respestively,

Of the four species of amphipods, §. bengalensis mmbering
196 was recerdsd in the months of March (14/u?), April (1%4/m%)
and August (28/n?)., Csprillidee mmbering 111 were present
in Jaruary (97/u?) snd March (14/u?) respectively.

306 specimens of C. $riasnonyx were recerded in September
vhereas 14 specimens of k. ehilkengis were collected in Mareh,

Among molluscs only the bivalve species P, flexosy mmbdere
ing 140 was collected in 3 months, i.s, March (42/m?), April
(s4/n?) and May (th/u?). However empty shells of Jittorina
1ittoring mmbering 3,914 were also moted.

Insect larvas, Chironomid larvse, Diapess . and
Apatooynia sp. were collested only once during the peried, insect
larvae in April (42/n%) and the other three in August (14/m?)
eaeh,
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Station 8; (Tedble 11 h).

Station 8 located near the effluent dischargs site had

6 species only, nemely Dendronereis ssstuarins, lveastis indica,
Paraheterceestys teouls, Ialehssplq enngndalel, chironomid
larva and Pendorg flexosg. Of these two species were pre-
sent in three months each and the rest 3 in one month each,
Wnile only L. jndice wes recorded during the premonsoon and
the monsoon, P. femulg and I. gonondglel were present only in
the monsoon. Ne fmme was observed during postmonsoon.

D. gestuaring mmbering 807 was obssrved in the 3 moaths of
March (653/n2), April (96/u?) ona May (56/a).

ke Jndics also was present during 3 months with 28,
th and 70 specimens/n? in May, July and September respectively.
E- tesmils and I, spnandalei (14/u2) each were noted !.nPctohr.
A total of 28 chiromomid larvae Wad collected in Jamuary.
The only bivalve species Pepdory flexogs mmbering 430 was
obtained in April (360/m%) and May (70/9%). Empty shells of

gastropods (662), of Yillorita cyorineides (42) and of Pepdore
Dexoga (111) were also cbserved,
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Station 93 (Table 11 1).

A total of 21 species, 6 of polychastes, 3 of molluses
and 12 of mineor groups were present at Station 9. Of these
lyeaptis ipdiea, Copitells cmpitata. Dendronerels sestuaring,

» Yillorita syprineides, Apatopynia sp. and Plsstirecnenia ep.
were noted in 40, 7, 6, 6, 5 and & ponths respeetively. IThree

species were present in 3 months each whereas 5 species were
present in 2 months each and the rest 7 species in one month
each,

While 2 species were present during the 3 seesons, 10
species in 2 seasons each and 9 species were present during
one season anly,

But for the high mmerical abundance of L. ijndieg mumber-

ing 6,634 and D. geatuiaring mumbering 2,351 rest of 19 species
osourred in low densities only,

The most abundant specios L. indiea totalling 6,534
being present in 10 months indieates a peak of 1,613/ in

April and 14/n® in Januery.

Seascmal fluotuation showed a momsocn value of 136/m%
graduslly inoreasing to 204/m® and 714/u? during the post-
msomsoon and premonsoon respestively, bNext in abundance was
D. ssstuaring vith 2,351 specimens collested over six months
vith a peak value of 1,335/a% in May and a low valus of 42/m?
in June,



=3 1868~

C. Sapitata vith a total of 863 specimens from 7 months
indicated a peak value of 389/a2 in January and a low value of
14/n® 1n August, October and December. Seasonal variations
indicated their absence during the Premonsoan and mean values
of 80/u?, and 153/9% during the monsoon and the postmonseon
respectively.

Rarsheteromentus 3emuls vith 404 specinens was pressnt
only in the momths of June and November with 70 specimens/m®
each and December witn 264/s®.  JLusbriconereis pasudobifilaria
and ligig sp. were noticed only once each in June and July

respectively.

Among molluscs, Yilleritn SYDXinoidas mmbering 84 was
reccsded in 6 menths with 14 specinmens each representing all
the seasons. JBatissge op. and gastrepods mmbering 42 and 70
each were cbserved in two months each in May, June, April
and December respectively.

168 specinens of AnatepYnia sp. were recorded in 5 months
with a maximum of 56/a2 in January and tA/n® in Coteder. All
the 663 specimens of Plactrecnsnis sp. were recoxded during
tbotwmmthnuﬂxapukmotnshzm
Octeber. Of the 362 ®. recorded 14/a%, 195/a% and
‘l)l/n2 were collected fres April, May and Jamuery respectiwvely.
Insect larves mmbering 70 were present in June, July and
November. IpRYtarsig sp., water beetles, and Ephwirg sp.
numbering 112, 8% and 42 respectively were recorded frem two
months each, Chirenomid larves, Jastis sp., May fly larves,
Elatapbug sp. and an unidentified wors were collected during
one month each,
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At Station 1 the most sbundant species was Corephium
sriasnonyx. Ihe lesast abundant and comparatively homogeneous
species were Notopygos ap., Qdontesyllis J¥avelyi, Nephthys
Relybrenchia, Owenis sp., Jerpuls vemmjcularis, Acetss ®.,
Crad megalopa and Meritrix casts. The most variable or
least censistent species was Orsndidierells bgmnierji. Nearly
7.91% of the species correlation was fourndd significantly posi-
tive. Ihe groups like nematodes, sipunculids, echinoderns,
fish larves and polychaete species Glycers convoluty were
found coexisting with almost all other species (Table 12 a),
since they preferred a common envirement. Fron dendrogram
studies (Fig. 15 a) at 5% level of significance 9 major ¢lu-
sters of species with maximum affinity and 3 major clusters
of envirommental pareneters (Fig. 16 a) with maximum affinity
wvere identified. &6.2% of the species (Table 13 a; were
found to have very siinificant positive correlations with
different enviremmental paremeters. The 9 parameters which
were found to be relatively important based on multiple
regression analysis ranked in the oxder nitrate > ammonia
> 'K' factor > nitrite > suspended solids > samd >
organic carbon in sedinents > salinity > oxygen. But
these alone are not ablo to predict the abundance as the
regression model fitted was not found to be significant,
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However, including the interaction offects of the signi-
ficantly correlated paremetsr clustars like (1) temperature
and organic carbon, (2) pH end nitrite and (3) suspended solid
and organic carbon with the above, the abundance could be
predisted,

Maltiple regression enalvsls:

Table = 12 a. Showing the os with significant
correlation (Significant at 5% level -
(P < 0.05) in Barmouth (Station 1).

wiﬂlm 1 - l’. 5; 10. 129 1’. 160 %. ‘30 ”. 50.

= . 2 - 32, &, 51, 52,

" . 3 - 16, 43, &6, &, 52.

. . & - 5, 10, 12, 13, 15, 16, 36, 43, 45, %0.
. . S - 12, 13, 15, 16, 20, 25, 36, %0.
. = 6 - 9,26, 27.

. . 7 - 29, 30, 37, 40, 48,

. . 8 - 32, %, %2

. - 9 - 20, 26, 27.

. » 0 - 16, 25, %.

* = 92 - 35, 52

» . “w - 35,

. . 3 - 25, 36, &4, 50,

« % 46 - 25, 36, 4b, 50.

. . 18 « &5,

* = 20 « 28,29, AS.

Contd...
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Table - 12 a. (Comtd,)

=
&
§
8
:

35.

- 33,

= 36, &3, 45, 50.
- 2.

- 33, 3A.

- 29, &5,

- 37, k0,

- b, 38, 46,
- &2, B, 33.
- 34,

- &7.

&b, 30.

- ”. x. ”o

- 5’0
- 550
- 520

SESERITEYHYIREURIVEERE L
!

Numder denotes specios name as in the list.
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Table ~ 13 a. Showing the species with significant
correlation with parsmeters at 3%
level - P < 0.05 at Station 1,

With
¥ith
With
With
With
With
With

With
With
With
With
With
vith
With

Temperature -
Selinity -
Oxygen -
pH -
et
Phoaphate -
Nitrite -
Nitrate -
Ammenia -
Sand -
Silt -
Clay -

22.

3¢ 17 (=ve), 19 (=ve).

13 (=ve), 20 (=va), &1, 5 (~ve), 28 (-ve)
23, 42, 48, &9,

&2 (eve).

1, 31, 33, A, 38, 6.

‘636-”). 18 (-ve), 22, 32, 42, 48 (-ve),

a2,

1, &7,

b, 3, 15, 29, 25, 36, %0.
11 (=ve), 24,

11, 13.

24 (=ve).

Organic carbon- 23, 32, 42, 49, 52,

Number denctes species nace as in the liss.
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Ceprillidae,

Tanaidaceans (both species).

Clrrolinis fluviatilis.
mmm.

Ealanus .

Alpheld sp.

Decapods.

Insect larvae.
Nodielus striatujus.
Esphis pepililicng.
Espdors fiaxom.

Area sp.

Gastropods (unidentified).
Littoring littoring.
Sea ansmone,

Nematodes.
Sipunculoidea.
Echinoderus.

Fish larvee,




=3195t~

At Station 2 the most sbundant species was lsteromastides
bifidig and the least abundant and comparatively homogensous
species were Cumaces, Ijnytermis ®., insect larvas, Littoring
Alttoring, fish larves and polychasta species Bumise Wbifex
and Pista jndiog while least consistent species was Graidi-
dierells silesi. 9.1% of the correlation between species
were significaently positive. Ihe species Apciptrogyliis
sonstrieta, Derinsrels savifrons, Joniada emerita, listere-

pastus gimilis, Corophive trissponyx, Susdrivisic dengaiensis
and Aphroditids were found preferring almost the same physical

enviromment (Table 12 b) indieated by significantly positive
correlation. Dendrogram studies (Figs.15 b and 16 b) have
showm 9 major clusters of species and 4 major clusters of
envirommental parameters having great affinity at 5% level.
Correlation studies of species (Table 13 b) with envirommental
parameters showed different species having specific affinities
with different paruneters (nearly 5.56% of the correlations
were significantly positive). The relatively important 9
parameters, based on multiple regression analysis, were ranked
as nitrato > mlinity > 'K’ factor > organic matter > oxygen
> suspended solids > phosphate > ammonia > sand, Salinity
being ths second important parmmeter, the dbenthos at Station 2
were of marine nature. These 9 important parameters alone were
not adble to predict the abundance of benthos in this station
as regression model fitted was not found to be aignificant,
However, including the interection effects of the significantly
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correlated parsmeter clusters like (1) BOD and suspended

solids, (2) temperature and salinity, (3) °'K' factor and

asmonia and (4) phosphato and nitrate along with the above
paramsters oould predict the abundsnoe of benthos in this
station,

Table - 42 b. mm?munmumnm
correlation (significant at 5% level -
(P = <0,05) in Station 2.

With species 1-- 2, 6, 7, 8, 12, 29, L

. " 2- 3 6,7, 8 29, .
bl . 3= 6. 29,

. » & - 48,

. * 5 - Z). 21. 22. 23. 2‘..
. . é- 7,8, 12, 13.

. . 7- &.

. " 8- 29, 8.

. " 9 - A.

. * 10 - 28, 8, 39, &2,

. . 1 = 29, 24, 25, 28, M.
. . 2 - 2.

. . 3 - 18, 37, 38, 40.

. . % - 20, 29, 27, 33, 34.
. “ 7w - .

. . 18 - ’B. ”. AZ.

. . 2 - 21, 22, 23, 26, 27, 33, 3A.
. . 22 - 3o, 28,

. . 23 - 26, 27, 28.

. . 26 - 25, 28, 30, M1,

. * 2’ - E. “’o

a a

” - ’3. ». "o




Table - 12 b, (Contd,)

CPEPIRD s a - an.an@ial

¥With species
.

&
'

28 = ”. “‘o

” - “1.

36 - &3,

n - “’o

B - ”. 60. “o
» - 40,

L2,

AP —

Number indicates spesies name as in the list.

Table - 13 b, Showing the species with significant
correlation with psressters at 5% lewvel
P - <0,05 at Station 2,

With salinity -
¢ Gygm -
pH -
'K values -
Suspended -
solids,
* Partioulate
organic matter -
® Phosphate -
® Nitrite -
Nitrate -
*  Ammenia -
" Send -
® S11t -
[ ] u" -
[ ]

Organic carbon -

26,

b (eve)y 5 (=ve), 11 (=ve), 25 (=ve),
m (.” .

1 2, 3 (‘”)o 6, 7, 8, 12, 29.
b (ove), 32,
”.

16.

13, 27, 33, k.

10, 18, 38, 39, 42.

g.5h.m| 2, 23, 27, 33, 3 ("").

4 (=ve), B (=ve), 23, 32.
19, 29 (=wve).

36 (=wa), 37 (=wve), 43 (=we).
21, 27, 33, 36, 36.

3, & (=ve), 16, 19 (=we).

Bmber indicates species name as in the list.
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(both species).
(unidentified).

tvonl.
loddea.
sh larvee.
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At Station 3, the adbundant species was Corgphium
$riaenonyx and the least abundant and comparatively homo-
geuecus species were Rupice tubifex, Owenia =p., ClrTelinia
Lluviatilis, Cmecea, Dppytarsus =p., Eleciroonsmia =m.,
Ephydra, Sipunculids, nematodes and flat worms. Nearly 6.65%
of the correlation hﬁun species were significantly positive,
Only 3 species nasely Glvoera convoluta, Pendors flemss and
and Nemgtod sp. were found correlated with (Table 12 e)
oertain other benthos. Significant positive (6.7% and nega-
tive (6.31%) correlation noted between enviramental parameters
and species showed the conditions at Station 3 (Tadle 13 @)
Defther highly favoursble nor dsmeging for the benthic fauna,
From dendrogram studies (Fig. 15 ¢) 5 major clusters of species
and 5 major clusters of parumsters (Fig. 16 ¢) having great
affinity at 5% level were found. Relative importance of the
9 parameters based on multiple regression anelysis were ranked
as salinity > nitrate > oxygen > nitrite > °K' fastor >
organic matter > ammonis > sediment > BOD, As in Station
2 salinity vas found to be the mcst important paremster.

Here also, ineluding the interaction effeots of the aigni-
ficantly correlated parsmeter clusters like (1) temperature,
salinity, nitrate and sand, (2) pH and suspended solids,
(3) *K' factor and organiec matter, (4) BOD and ammenia and
(5) oxygen, °K* factor, clay and organic carbon alang with
the 9 important parumeters alone ocould predict the abundance
of benthos,
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Showing the es with significant
correlation znyn.neant at 5% level
P <£0.05) in Station 3,

Vith species 3 -~ 8, 9, 26,
. . b - 5, 8.
. . 5 - 6, 18, 26,
° " 5 - 7, 16, 20, 25, 28, 29.
. . 7 - 8.
. . 8 -9
. " M -~ 12, 13, %, 24
» . 12 - 13, 24,
. . % - 18, 24,
. un 15 - 26,
. » % -~ 235 27.
. " 8 - 28, 29,
. . ®» - 2.
. " 28 o 2.
» " 2% - 28, 29,

Number denotes speeies name as in the list.
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Table - 13 ¢, Showing the species with nxnlnmt
gorrelation with t
level - P <0.05 at Station 3.
With temperature - 9 (-"). 6. 23 (.“). a' 25, ”(‘")
" salinity - 2 (=ve), 11, 12, 14, 15, 18 (-ve),
ah, NN z"‘ .

. pﬂ - 2.

] -
oxygen 5“(-(-:25.1:8(?); 13 (m’.w (=ve),

* Bon, - 6 (wwe), 25 (~ve).

. 'K' m - 23. ”o

. suspended solids - 2,22, n.

o pal‘ti
Mﬁ‘“tw - 1' 9, 23, 0.

® phosphate - 1, 12 (=ve), 23, 30, 31.

. n.l.tﬂ.t. - 2 (‘“). '5' "o

* nitrete - 2 (wve), 11. W, 15, 2.

*  samgnia « 5 (wve) Sdn). 13 g—«n). 24 (=ve),

* sand - 15, 17 (eve), 21 (=ve), 20,

*  gilt - 2, 15 (~ve), 24 (=ve).

» clay - 15 ("”)o 18 (~wve), 26 (eve),

S orgamicsar®om - 2,

S -

Number denotes species name as in the list,
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At Station 4 the most abundant species was Yillon.
syeringideg and the least abundant and homogeneous specics
were Eunjos tubifex, listeromastus sinllils, Qvenia sr., Exisim
shilkensls, Felita zeylanics, megalops larvee and chirumomid
larwes. Ihe lsast consistent species was Corephium {risencnyx.
15.69% of species correlations were highly positive (Table
12 4). Similarly 8.85% of species were found to be positively
correlated (Table 13 d) with different envirenmental parsmeters
too., Dendrogran studies shewed 5 major clusters among speecies
(Fig. 15 4) having maximum affinity at 5% level and & major
clusters saong 16 envirommental pareseters (Fig. 16 4) with
high affinity at 5% lewel. The 9 relatively important para-
agters, based on multiple regression analysis, were renked
as salinity > organic matter 'K' factor > BOD > suspended
solids > nitrete S silt > elay > temperature. Salinity
was found to be the most important factor. In this statiom,
the abundance of benthos could be predicted only when the
interaction effects of the significantly correlated parameter
clusters like (1) organic carbon, suspended solids and organic
matter, (2) BOD and *K® factor, (3) temperetére snd salinity
and (4) oxygen and nitrate were oonsidered along with the
9 important paremsters.
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Table - 12 4, the with £icant
muon ?ociu .d;g’;l“ T -
P <°o°5) in Station “o

Vith speeies 1 -~ 7, 8, 17.
" . 2 - 23.
3 - 11, 16,
4 - 11, 15, 18, 0.
5 - 10, 12, 16, 22.
6 - 14, 15, 18, 0.
7 - 8, 17.
8 - 23, 24,
10 - 12, W%, 22,
. . "M - 13, 15, 16, 18, 19.
12
2
15
2

-

Number denotes species name &8 in the list.



Iable -~ 13 4, Showing the s with upuunt
correlation with parsmeters at 5%
level - P,<0,05 at Station h.

Vith temperature - 5,0, 16, 22.

*  salinity - 5 7, 10, 22,

*  oxygen - 23

* pH - 7, 17.

O Boby - 3 (wve), 5 (~ve), 24 (=we).
* X! fastor - 1, 8, 17.

) :ﬁ:‘“ - 1, 1.

*  phasphate - 1, 17.

*  nitrite - & 6, 43, 18, 19, 20, 22,
" nitrate - 5, 0, 12, %, 20, 22,

*  gand - 1 (=ve), 17 (=ve).

" st - 1, 17.

*  elay - 9.

®* organic carbon - 22 (=ve).

T

Number denctes species nane as in the list,
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List of Species for Station &,

Rane of Species.

81.No,
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At Station 5 the most abundant and the least oconsistent

species wvas Dendronereis asstuaring. he lsast abundant and
cosparetively homogmecus species were Iplghsspis anuandaled,
chironomid larvee and Cricotopus svivestris. 17.75% of the
correlations were highly aignificahtly positive, Correlations
of D. asstuaring, Ericgomio pelvbranchiata and Heteremastides
Rifidus vith other species were prominent. Also, Mplite
eylanios. Ericcies shilikensis, Ceprillidee, Pepdore flsxoss,
Yillerita syorinoides and Littorina littoring showed highly
positive correlations with most of the species (Tadle 12 e).
From dendrogrem studies & major clusters of benthic species
(Fig. 15 e) having great affinity at 3% level and & major
clusters of parameters too (Fig. 16 ¢) with great affinity at
5% level were identified. Species - parsmeters correlations
(Table 13 @) showed 2.2% of the speeies being positiwely
significently correlated with paraneters. The relative 9
important parmmeters, based on sultiple regression analysis,
wvere ranked as oxygen > phosphate = sand > clay ™ nitrate
> nitrite > BOD — paspended solids = temperature.
Stremgaly, selinity did not figure smong the ranking probably
suggesting that the benthic fauna at Statiocn 5 was not at
all eontrolled by salinity,

The sbove ssntioned 9 important parassters alone could not
predict the abundance of denthos at this station, as the
regression model fitted wvas not found to be significant, Howe
ever ineluding the intersection effects of the significantly
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correlated parameter clusters like (1) light, suspended
solids and organic matter (2) nitrite and nitrate, (3) pH
and phosphate and (4) silt and clay along wvith the abdbove
paransters, mmuﬁ%mupwm
Table - 12 ¢. Showing the s with significant

correlation (significant at 5% lewsl -
P <£0,05) in Station 5.

e === - e N

With species 1 - 7.

- b,

- 3 0, 13, 20, 21, 22.
- 6, 8, 9, 10, 11, 12, 13, 20, 22,
- 8,9, 10, 11, 12, 13,
- 9, 10, 11,

- 10, 11, 12, 13.

- 11, 12, 3.

13.

- 20. 21. 22.

- 13.

- 21, 22.

- 22,

RB2UNVBvoounuun
]

Number denotes species name as in the list.



Tadle ~ 15 e. Showing the species with significant
carrelation with parameters at 5%
level - P. < 0,09 at Station 5,

L VAR —

Vith salinity - ’d.’:’zzf' 8, 9, 10, 11, 12,

¢ oxygmm - 7 (ove), 19 (=ve).

. rll - bo 7.

" BOD, - &, 17,

* esmonia - &, 17,

*  sand - 18 (=ve).

" st - 5 (=ve), 10 (=ve), 11 (=ve)
13 (=ve).

* organic carbon -~ 8, 12,

Mumber denctes species name as in the list.
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At Station 6 the most abundant and least consistent

species was Capitells capitata and the least abundant and
comparutively homogenecus species were Grandidierellsa gilesi.
Acapides gymoephobium, Aptiairidae sp., Ephydrg sp. and
Bezsia . About 10% of the correlations betwsen species
were significantly positive. Of these species G. gilesl,
Caprillidae, A. gymuophobjum, Anthuridae and Yillorita
SYprinoideg were the frequently occurring ones with positive
correlations (Table 12 £). Also, positive correlations were

noted among species - parameter correlations (Tedble 13 £).
Dendrogren studies revealed high affinity with 2 clusters of
species (Fig, 15 £) and 4 elustsrs of environmental parumeters
(Fig. 16 £), The nine relatively important paraseters based on
multiple regression analysis were salinity > BOD > organie
carbon ™S silt > clay = 'K' factor = nitraete > oxygen >
suspended solids. Salinity wvas found to be the most import-
ant faetor, Here also the interestion effects of the signi-
ficantly correlated parametsr clusters like (1) X' factor,
suspended solids, and organic matter, (2) silt and clay,

(3) nitrite end nitrate and (4) salinity and phosphate along
with the 9 important parameters alone could predict the
abundance of banthos,.



Table - 12 £, the with cant
S pr e st
P £0.,05)in Station 6.

With species 1 - 7,9, 16,

L L ‘ - ’.

¢ . 3 - 8, 10,

. . 6 - 7,9, V0.
* . 7 - 16,

. “ 8 - 10,

« " 9 - 16,

Number denotes name of the species as inthe list,
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Table ~ 13 £. Showing the es with significant
correlation vith parasetsrs at 5%
level -~ P £ 0,05 at Station 6.

L - SO un T =

¥ith tempersture - 1.
' salintty - 2,7, 9 6.
" oxygen - ; {m 6 (M), 7 (=ve),
® pH - 5 (=ve).
® K* fagtor - 1,
* suspended solids - 8, .
" Urganic mtter - 8.
® phosphate - Ty 9 16,
* nitrate - 8 (=ve).
* odlay - 8.
* gand - 8 (=ve),

[ —

Number dsneotes name of the species as in the list,
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Neme of species,

a1 .MNo.

{
m @
1]

1
m

|

m

&

123‘56789”"

Anatopynia,

w
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At Station 7 the most abundant species was Capitells
Sepitata and the least abundant and comparatively homogenecus
species were Parsheteromastus temuis, Ericolss chilkensls and
Disnese . The lsast consistent species was Depdronereis
apstuaring. Signifiwent positive correlations (Table 12 g)
among 10.31% were notsd. Of these species §. chilkensis,
Anatonynis, Ceprillidae and insect larvee were very aigni-
ficant, From dendrogram, & major clusters (Fig. 15 g) baving
great affinity at 5% level among benthic fauna and 2 clusters
smong pursmeters (Fig. 16 g) were identified. Also 6.64% of
species (Tadble 13 g) were found significently pesitively
correlated with the envirocnuental paremetsrs. The 9 important
paransters based on multiple regression analysis were ranked
as salinity > ailt = nitrate > k' factor ~ samd >
phosphats > oxygen > BOD > smmonia. As these paremetsrs
alone could not predict tue abundance of benthos in this station
also, the intersction effects of the aignificantly correlated
parassters clusters like temperature and phosphate and that
of 'K' fastor, suspended solids, and organic matter were also
considered and found effeotive,
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Table - 92 g. Showing the with significant
& correlation zumnmt at 5% lavel -

With species 1 - 10.

. . 2 - 9,13, 15
. «- 3 - &, M,

. « & - 10, 1.

. * 5 - 10,

. « 7 - 8

. = 9 - 13, %5,

. « 43 - 15,

Number denotes name of the apecies as in the list,
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Table - 13 g. the with si cant
mmhnen th % level
- P 40,05 at Sta 7.

Vith tenperature - 13,

*  salinity - 24 9, 10, 15.

?  emygen - 5, 10, 13 (eve),
BOD, - 13 (=ve).

® 'k* faotor - 6, 14,

*  guspended solids - 6, .

®*  phosphate - A,

® naltrite - 2, W,

*  nitrate - 10,

*  smoonis - 7, 8.

*  clay - 2 (=ve), 15 (=ve).

Jumber denotes namne of the speeies as in the list.
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At 8tation 8 the most sbundant and least consistant

species was Dendroverels aestusripg. The least abundant
and comparatively homogeneous species was Pargheteremastus
Samuia. Only Lyosstis indice end E. taguis were signifi-
caidtly positively correlated (Table 12 h). 6.25% of the
benthic species were found positively significantly corre-
lated with envirommentel peraszeters (lable 13 h)., Dendro-
gracs indicated pressnce of only 1 cluster (Fig. 15 h) with
high affinity with each other namely Lyesstis indice and
Parabsterozastus tenuis. But dendrogren showing grouping of
paremeters indicated 4 mejor clusters (Fig. 16 h) with great
affinity. The ranking of the 9 paremeters based om multiple
regresasion snalysis were nitrite > oxygen > salinity >~
phosphate > nitrate > 'K' factor > BOD D tamperature .
sediment, The aignificantly correlated paraneter clusters,
whose interaction effects were also considered, along with
the above 9 parsmeters, for predicting the abundance of
benthos at this station were (1) 'K*' facter and suspended
solids, (2) phosphste and organic cerbon, (3) temperature
and selinity and (4) BOD and silt,

Tadble - 12 h, Showing the species with significant

correlation icant at 5% level
- P2 0,05) in Station 8,

S -

Vith gpecies 2 - s,

= TS = = =D

Number denotes name of the species as in the list,
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Table - 13 h, Showing the es with significant
correlation with parezeters at 5%
level - P < 0,05 at 3tation 8,

¥ith teaperature - 3, 6.

hof salinity - 2.

"  oxygen - 6 (ove).
L} pH - “.

" m, - 3.

.. Mt!'th - ’o

* aclay - 6.

Munmber denotes name of the species as in the list,

31.No. Neme of species.

(- BT B T U R R 3
E




At Station 9 the most abundant and lsast oconsistent

species was Lyeastis indieg. The least abundant and
comparatively homogensously distributed species were Naig .,
Crustacesn larvae, Bpetis ., may fly larva and Platanbup sp.
Hearly 6.06% of the correlation between species positively
significent (Tadle 12 1), Correlations of species Anatopynia,
Ephydra and Platuzbus with a few other species were very high.
Froa dendrogrem 7 major clusters of speeies with naximum
affinity at 5% level were located (Fig. 15 1). Mt omnly 3
major clusters of parameters (Fig., 16 1) were obtained from
the dendrogres. Some of the bemthic species (11.93%) were
found highly correlated with various envirormental paraneters
(Table 13 1). The 9 relatively important paranetsrs, based on
multiple regression analysis, were ranked as salinity > allt
> BOD >nitrite > nitrate > 'K factor > amsenia =
suspended solids ™ oxygen. liere also, the interaction
effects of the significantly correlated parameter clusters
like (1) salinity, nitrite end ssmenia, (2) *K' factor,
suspended solids and organic matter and (3) siit and clay,
along with 9 paremeters alone could predict the sbundance of
benthos,
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Table - 12 4. ?ocxn with significant
tion

Oo?;h significant at 5% level -
05) in Station 9.

Vith speeies 1 - 2
' . 2 - 12
. " & - 12
) . S - 19, 20,
) . 6 - 18.
. . 8 - 13,
. . 9 - 11
. . 10 - 22,
. . 1 - 1.
" . 1% - 18,
. . 15 - 18.
. ) 16 - 1,
. v 97 - a1

L

Number denotes nane of species as in the list,
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Tadble - 13 1, Showing the species with signifieant
correlation with parsseters at 5%
level = P < 0,05 at Station 9.

Vith tempersture « 8 (=ve), 13 (=ve),

*  salinity - 16.

‘®  BODg - 5, 12, 2 (=ve).

® 'K’ Fagtor - 6, 8, 11, 13, 15, 18,
*  suspended solids - 65 8, 13, 1, 15.

* particulate ,

organic matter - 7, 8.

®* phosphate - 9.

*  amonia - 16,

®  silt - 1

" organic carbon - 1.

Number denotes name of species as in the list,
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Fig.15 a, clusters of species
(9" significance level) at Stltton 1.
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Fig. 15 e, Dendrogran showing clusters of es
(5% significance level) at Stn, 3,
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Fig. 15 d, Dendrogram show. clusters of speeies
(3% sig. level) at Stn, &,
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Fig. 16 a. Dendrogran showing clusters od
is . envirommental paremeters (5% sig. level)

at Station 1,
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Fig. 16 d, Dendrogren showing elusters of
-:vu-om-nt:l paremeters (9% sig. leve})
at Station
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ho DISCUSSION,

Investigations on the water quality carried out
revealed, the water in the study area in floods during
the mensoon, charscterised by a low temperature, high
oxygen, high carbon-dioxide and low chloride eommtent, But
during susser as the salinity intrudes upstream dus to
reduced flow of river water the water charecteristics
changed to a high temperature, lower dissolved oxygen and
high chloride content,

The concentration of poliutants were found diminished
gradually with distance from the discharge point, mainly due
to the dilution of the effluents by the receiving wvater and
by the matural purification processes.

Thus the pattern of variation, of temperature, salinity
and oxygen, contreolled by the impact of rainfall and river
dischargs has been similar to other estuaries and backwaters
along the south west cocast of India (Anto, 1971; Qasim, 1979;
NIO, 19823 Abdul Aziz and Neir, 1978; 1980 and Nair gt al.,
1983). Owing to the shallowneas of the Vellar estuary,
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surface - bottom differences in all paremeters was found
insignificant (Chandran and Ramamoorthy, 1984), However,
the pressent area, though shallow, showed significant differ-
ences in parameters like pH, alkalinity, mutrients, non,.u.
The major physical and chamical factors, charecteristic
of the area are discussed in detail as a basisfor correlation
of these factors with the distridution of individual species,
population and communities and to separate bioclogical inter-
actions from the influence of the physico-chemical factors
and sediments although it is obvious from the data that all

are independent,

The results of studies on the water characteristies of
the study aree has indieated continmucus change as a result of
large seale movements of the estuarine waters under the influ-
ence of tidal forces, monsocn and land runoff, developing a
current speed 4 ~ 55 em/sec, Also this water has been found
heterogencus in nature dus to discharge of effluent waters,
ocontaining different pollutants from the industrial areas.

As a result, the relatively stationary macrobenthos, the epi
and infeuna which live upon the surface of the bottom or within
the bottom of the soft ssdiment respectively have to endure a
wide range of envirccmental changes when the circulagion also
carries different types of pollutants over their site or
burrows,



Salinity (%,)s

Hyérographical conditions of the Cochin batkwaters have
been studied by Balakrishnen (1957), Ramamirthas and Jayaremsn
(1963), George and Kartha (1963), Cheriyan (1967),Casim and
Gopinathan (1969), Sankerenaraysnen and Qasim (1969), Josanto
(1971), Shynasma and Balakrishnen (1973) and Balskrishnmen and
Shynsmma (1976). Above studies indieated envirenmental condi-
tions of the study area of this estuary, particularly salinity,
being affected by the fresh water discharge depending on the
amcunt of precipitation during astive southwest momsoon period
and the indmraion of sea water during premonsoon months of
March and April.

Sisilarly a distinct ssascnal pattern was observed for
salinity values as follows: Along with stretification noted
during July to September in Station 1 and January in Statiom 2
and 3, during the present study saline content was reduced
tovards station 9 and temporal studies revealed with the
exosption of March and April almost prevalence of fresh water
from Station 5 onwards during November to Jamuary and in May
end from Station 2 onwards during June to October.

Nair gt gl. (1986) obssrved very large spatial variations
of salinity in the three aress of study in Cochin backwaters,
ranging from 0.26 %, to 31%,, oontrolled dy tidal and memsoonal
flow and shallowness of the ares. Ganepati g% gl. (1958-64)
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during the hydrobiological and famistic survey of Godevary
MuﬂmMMWWM.Wm
the SW monsoon. They noted wvertical stratificeation extending
up to the river as the neritic penetration beconses more mani-
fested, Such a stratification was noted only at Station 1
during monsoon months and Stations 2 and J during Jamary.
Nair g% al. (1964) also observed a distinet seasomal pattern
for the distribution of salinity in which the premonsoon
recorded the highest averegs wvalues wvith the monsoon register-
ing & steep decline and postaonsoon pressnting a trend of
recovery. Salinity declined from the estuarine mouth to the
lowest value in the riverine zone., Earlier Indian researchers
(Jaosb and Rangarsjen, 1959; Rajendren, 1974; Varma, Rao and
Cherian, 1975; Balakrishnan and Shynsnca, 1976; and Chandren
and Krishnamoorthy, 19684) reportsd wide flustuations in the
salinity of tropical estueries affecting the estuarine environ-
nant oontrolled by extreme conditions of draught and sensoon,
Jacodb and Rengarejan (1959) end Chandren and Krishmamoorthy
(1964) in Vellar estuary and Ganspati and Ramasarma (1965) in
Geutani-Codavari estusry observed ainimal tidal effeet and
complete abssnce of vertical salinity gradient during NE mensoon,
On the other hand, in Cochin backwaters and Mandovi and Zuari
estuaries, inspito of reported heavy monsoonal floods complete
seouring was not noticed, Instead Qesim and Gopinathan (1969),
Shynssoa and Balskrishnen (1973) and Cheriyan, Rso and Verme
(1975) recorded a well marked verticel salinity gradiemt., Such



8 vertical gredient in salinity was notiesed during the pre-
sent study only in Station 1 during July to September and in
Stations 2 and 3 during January omly. The resson for the
occurrente and absance of smlinity gredients in different
estuaries as noted above are to be acught in the differences
in the nature and bottom topogrephy of the estuaries, depth eto,

Chloride values in the efflusuts discharged by the
fastories varied from 125 to 3,470 ppa in February, 75 to
6,990 ppm in April, 100 to 2,060 ppm in June and 30 to 520 ppm
in August., Chlorides present in wvater may undergo decompesition
and free chlorins or hydrechloric acid way be produced which
is extremely toxie to fish, Doudoreff and Kats (1950) in their
eritical reviev have discussed the work of ¥arious suthors
and have given different lethal doses for different spesies
of fish, Allen gt al. (1953) obssrved that chlorination of
csrtain relativity nontoxic sewage effluents, below their
chloride demand point, make them highly toxic te fish, Schent
(1939) had also previcusly observed the same phenomencn by
treating KCNS solutiom with chlorine.

Thus a8 is the case with most estuaries the major wariabdle
in the study area toe was salinity, which estaeblished a conti-
mous gradient of 0.2 to 30.4%,, between the sea and fresh river
wvater, Ihis gradient was found moving up and down the estuary
influenced by the monsoonal river runoff and tides. Thus
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wWhaha
Station 9 with almost fresh water prevailed througheut the
year exogpt during March and April. As a remult the spatial
distritution of macrobenthos identified were found contreolled

by its ability to withstand wide fluctuations in salinity,

Jemerature (°C):

According to Klein (1962) the direct effect of tesperature
as an envirommental fastor is diffioult to assess becmuse in
stresa‘'s environaent it is often linked with the speed of the
current and type of bedecoler waters usially being associated
with the ahallow depths more common in the upper reathes of
rivers.

By the term thermal pollution it is meant a change either
positive or negative, in the heat content of the water csused
by the effluents, vhich is an undesirable changs that may or
wvill harmfully affect the living ocondition of that aquatie
envirooment,

Temperature effects on wvater quality can be of three
typss - physical, chemical and diological.

Temperature affects nearly every physical preperty of
water as density, viscosity, vapour pressure, surface tension,
gas solubility and gas diffusion. The amount of dissolved
oxygen in water being important in sustaining agquatie 1ife,
the lower solubility induced by high tempereture, combined



with increased organic load and dbacterial respiration rate
could lead to such lov levels of oxygen that organimms eculd
not survive, Increased temperature may leed to increased
sedimentation affeeting flocculation. The effest of tempe-
rature on the regression coefficient can be very important
in deteminging the wvaste assimilative capacity of streams.
Texperature rise can causs stratification in the aadbient
wvater, eausing the overflow or underflow of the incoming
wvater of different density.

Biological effects of thermal pollution is limited to
purification process in the receiving water only, where,
in generel, the higher the tampersture the more mstaboli-
cally active a microorganisa becomes, Also a possible
oonsiderable reduction in the waste assimilation capacity
of the receiving water results,

Chenically, temperature affesets not only the rato at
which a reaction ecours but also the extant to which the
reaction takes place.

Further, wvater temperature - the easiest physical mea-
sureasnt - gshowed more significant variation seasomally than
spatially, It was well correlated with salinity and denaity
(T/S relationship).

The results indicated changes in tsmperature of the study

area influenced by the seasonal as well as diurmal changes
in the tempereture of the air and of the river, sea and



=$2338 -

effluent waters, Ihe study area being shallow (2.5 to & m)
reslting in mixing of water column, the changss were rela-
umywmmquunosormm\nurm
maller especially in the areas of effluent discharge,

Hydrogrephical and faunistic survey of Godaveri
estusrine systems conducted by Gemspati gt al. (1958 to
9964) indisated similar trends of seasonal changes in tempe-
ratures, Nair gt al. (1964) also feund relatively higher
temperature during the premonsoon oompared to low monsoon
values, in the Ashtamudi estuary.

Jayspalan g% al. (1976) recorded similar monsoonal
changes in tsmperature in the study ares (Periyar wators).
Also they observed a temperature variation from 22,5°C to
56.0°C for the effluent discharged, the maximum recorded
mtmdmummmmm
Plant. During the present study the tsmperature of the
efflnents discharged was found to vary from 25.3°C to
43.0°C only as shown in Teble (5). Also consideradble
variations existed as noted in the table, even sime efflu-
ents from FACT showing a fall in tempersture from 45°C in
Pebruary %o 29.6°C in August for the Black and £2.9°C to
27.0°C, for the whito effluent, Similar varistions in
tenperature wvere noted for other effluents also. Tempe-
reture msasurexents made at distances 10 m avay from the

discharge points showed oonsideradle fall in values as noted
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for offluents from Catalysts Faotory. Dissclved oxygen
also were consistently higher at these plaeces.

Cempared to temperats estuaries, tropical estuaries
are found to have relatively less (8° to 10°C) ammal

variation in tamperature. The study area in Coohin baek-
waters exhibited an anmual variations of 24.5°C (hune) to
34.4°C (Mareh).

Hair gt al. (1986) noted in three different aress of
Coshin baskwaters low tamperature during the menths of
Desember to Fedruary shewing an inoreasing trend afterwards,
followed by a desrease Auring monsoont mocnths and again sn
increese afterwvards, The tesperature varied from 25°C to
30.35°C wvith an anmual variation of v 5°C, Studies on
temporel variation in Vellar estusry by Chandren and Rame-
moorthy (1984) revealed variations in water temperature from
24° to 33.5°C mostly influenced by the fluctuating atmospheric
tamperature of 23.5° to 36.5°C tham tidal influence., Similar
findings have also been repartedby Gasis and Gopinathan (1969)
in Cochin baskwaters and Dehadrei (1970a) in Mormugao Bay.
Also, obssrvations of Chandren and Remamoorthy (1966) snd
Varma, Rao end Cherian (1973) found that the influence of
tide was prominent in the downstress region of the Mandovi
(nesr the mouth) while isclation was predominant in the upper
reaghes. A lack of vertical atratification in tampersture,



the meximm differenses between surface and bottom temperatures
being 1.6°C (at Stn, 8) during Marech, noted in the present
study has been reported, for Cochin backwaters by Qasia and
Gopinathan (1969) and Vellar estuary by Chandren and Ramemoorth
(1964), This could be attributed to the shallow nature of
these estuaries. lowever, Shynanma and Balskrishnen (1973)
noted preminent vertical stratification in tempersture in
Cochiin backwaters between surface and 8 m depth the tsmpers-
ture valuss at & m depth showing parity with surface values.

Based on the above chservations, it can be concluded
that thermael pollution has not been a pervasive threat in the
past But could become a0 in the future unless present flow
pattern is maintained,

Rissolved Oxvgen:

Dissclved oxygan in the estuarins enviromment is chiefly
controlled by tidal ingress and fresh water runoff, Ihe
intengity of pollution is determined usially by estimating
the diassclved oxygen present in water i.e. the lower the
dissolved oxygen the higher the intensity of pollution and
vice-versa, The high organic load of the wasts wvater affected
the dissolved oxygen lewel of the receiving waters (Anon,
1980). The aquatic life in the estuarine enviromment is
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mainly dependent upon the availability of dissolved oxygpsn
in water and hence it is an inevitable factor for survival and

growth of aquatic fauna,

Nirmala gt gl. (1976) from their studies in Chaliyar
river observed great deorease in dissolved oxygen values
aring susner months and increase during monsoon seasons,
This decreass lead to mortality of fishes in Chaliyar due
to apphyxiation for want of oxygen. Similar obserwvations
ware made by Jacob and Menon (1948) while studying the ingi-
dence of fish mortality slong the west coast. Jayspelan
ot 8l. (1976) found in agreement with Chacko and Sreenivassn
(1955) well oxygsnated water during monsoon and low oxygen
content during Maroh~May in Periyar when the watsr inflow
Was very lov., They also nmoted often net values for oxygmn
in the effluents fraom sulphuric acid, phosphoric seid and
ssmonium phesphate plants while that of sulphate, smmonium
chloride and aamonia and o0il gassification plants fairly
exygenated,

Oxygen ocontent of efflusnts collested during the present
study however showed comparable changes from ail values to
5.96. Very often oxygmn content of water 10 » away from
discharge points, also resorded high end nil wvalues,

Although the wvertical differemoes in oxygen was not
conspicuous, surface waters showed slightly higher values
than bottom waters.



Spatial and temporal variations in oxygen eontents
except from November to Jamuary, were significant in the
estusrine waters. Instesad of reduced values, oxygen recorded
neerly fully saturated conditions at times, Surprisingly,
inspite of discharge of large smounts of efflusnts anoxiec
condition never prevailed, Even bottom water layers did not
record low oxygen values., Similar well oxygsnated condition
in the study area was noted by Sarala Devi gt a). (1979).
Dissoclved oxygen content in the three widely separated areas
of Cochin backwatsrs showed wide flustuations with the tide
and with the varying rete of flow (Neir, gt al., 1986). They
noted anmuel variations in oxygsn centent from 1.5 to 7 al/1
with low values in high saline waters.

mny%mmmmmmm
the study period, The high concentration may also be contri-
buting to the inereass of oxygsn content as noted by Subre-
senyan (1959) and Damodaran (1973). Ihe occasicnal decrease
in dissolved oxygen may be due to utilisation of oxygen by
bacterial flora (Nash, 1947) and respiration of sooplankton
and oonmmption of ocxygen by detritus in the upper layers
(Sewell, 1979). Also lov sslinity and tempersture might
favour an incTease in oxygen content. But during the studies
in the retting yard, Remani (1979) noticed Kydregmmn sulphide
contmt of 4.97 mg/l, where the oxygsn eontent was < 0.0%ml/1
during premonsoon. Umnithen gt gl. (1979) while estimating
organic pollution in Cochin backwaters found low and fluctuating
oxygen values ( £ 0,05 to 3.8 m1/1) in the bottom water,
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Vijaysn gt 3l. (1976) during their studies on the effest
of organic pollution on some hydrogrsphic features of Cochin
backwators observed significant ssasonal snd tidal flustustions
in oxygen values. They also noted oxygen eontent varying
proportionately with sewage dischargs. Zingde gt al. (1985)
during the physico-chemical investigation in Auranga River
estuary in Gujaret observed nil oxygm welues at loecations
where BOD renged from 21 to 859. However, in other loeations
they faumd oxygen values rsnging from 2.8 to 12.4 mg/l. This
indicated abssnce of any effeet in aress other than those in
the immediate vicinity of the effluent relesase point, in
agreement with the inferemnces made during the present study.

Neir 9% al. (1984) recerded monthly averages of dissolved
oxygen eontent ranging from 2.95 to 7.29 ml/1 in the Ashtamudi
estuary of Kerula.

In accordanee with the findings of Dehadrai (1970 a & b)
in the Mandovi and Zuari estuaries, Rajendran (1974) and
Chandran and Ramemoorthy (1964) in Vellar estusry, in gsneral
higher dissclved oxygen wvalues were noted in the monsoon and
premenscon ssasons. Howewer during the present studies higher
values were reccided in the postmonsoon also. Qasim and
Gopinathen (1969), Dehedrei (1970 a & b), Vijeyalakstmi end
Vemugopalan (1973) and Chendran and Ramemoorthy (1984) obser-
ved dissolved oxypgen showing an inverse relationship with
salinity, wvith high values at ebd tides and low values at
flood tides. During high tides entry of neritic water into
the estuary is known to lowesr disselved oxygen,
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Chandran and Rememoorthy (1904) during their studies
on the temporal variations in the hydrogrephy of Vellar
mmmmmmo:umxmmm.
during low tides of day time. However, the wvariation bdet-
mwmmwmmtupmm.

'Q: (mg/1):

Reish (1959), Momulty (1961) and Pauli Bagge (1969)
mnmthotnw5mmmMot
pollution of an environment as it is dependent on the amount
of suspended/dissclved organic matter in the wvater. Disselved
mpmwmmuumuwsa.c.m
mmmmmmw,mumum
by Remani (1979). mmmaon,m-(sb.%-
513.75 mg/1) in the retting yard of Coohin backwaters along
with very low oxygen oontent of < 0.035 ml/l and high value
of 4,97 mg/l of hydrogen sulphide, VWhile pollution brought
abeut by retting of cocomut busks does not affect temperature
end salinity significantly, oxygen depletion, sulphide pro-
mmmmnon,mu-muuhwmomt
and bacterial activity are observed ts bo the most affested,

Accesding to Bhergava (m)mmmsmm
b0 indicative of the removal rato of organic pollutiom. BNt
during the pressnt studies such a exxrelation did not exist
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probably becsuse the sffluents discharged frem the factory
were toxie to bacterisl flora present. Remani (1979) also
noted heavy conmmption of dissolved oxygen due to repid
deecmposition of organic matter at high tempersture. Vijayan
ok al. (1m)owmn,m-mmmpnm-
tion area fluctuating with area and time, bréught about by
the quality and quantity of sewage, monsoomal and tidal
effects, wmstmamsm-mc
wers 280,4 ppn (Ummithan g% g)., 1976) bdoth near barmcuth
and 513.75 mg/l in the retting yard (Remeni, 1979) away from
barmouth, during the present study in the arees of industrial
discharge the maximun BOD. recorded was S70 mg/l for the grad

S
water, 12,2 for the surface water and 8.9 for the bottom water,

Serala Devi gt al. (1979) during their studies on the
water quality of Cochin baskwaters in Felation to industrial
pollution observed quits varisble BOD, valuss of the effluents
varying from negligidle values (TCC and FACT black effluent)
to 51.3 ng/l (Periyar Chemieals).

wmmmum,mmmmn-
gible velues to 18,5 mg/l (IRE) were noted in the effluents
fron the 8 factories during the presant study. Fluctuations
mmwmm,msmmummun—m
fastory on a month to month basis,

Inumtuthnruormumaw,mm
Mtnmtmuuam/(zorutmnhul.o.1ldl.
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A water body with a BOD, of 8 mg/l is considered to
be moderataly polluted (Martin, 1970). According to standards
recommended by Rpyel Commission the sewage dispomsl should
have 20 ppm BOD and for suspended losd 30 ppm (Klein, 1962).
However, the highest value recerded during the present study
was only 1/15th to 1/25th of that recommended for domestie
sewvage (WHO, 1972), cempared to 1/6th te 1/10th recorded by
Sarala Devi ot gal. (1979).

Vhen organic matter is added to a stress it is immedie-
taly attacked by basteria which Wreakidown to simple substances
and in doimg 80 they use up oxygen, The rate at which a
particular type of effluemt is adle, in the presense of asmple
ocxygen, to satisfy the oxygen demand, depends on the organic
leoad. Om the other hand industrial effluemts which oomtain
only chemical reducing agsnt such as ferrcus salts or sulphite,
take wp oxygen by purely echemical action; taey do this very
rapidly exerting what is sometizss known as imnediate oxygen
demand (Hynes, 1966).

In the polluted region of Par river estusry (Bombay)
whieh receives about 25,000 m°/day of effiuent from a large
mmmw.umnn.(mso)wam,m
varying between 100 and 323 mg/l. 1Ia the pollutad region of
Hehin Creek, Zingde and Desai (1980) noticed a high BOD, value
of %00 mg/l.
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Zingde ot al. (W)MWmmmﬂ,
value of 206 mg/l1 for an industry manufascturing nitrecellulose
which release:0.6 mld of acid waste water. They notieed that

the inpats does not seem to have affected the estuary eaxeept
in the immediate vicinity of the effluent relesse peint. In
their study the BOD, of the effluent renged from 21 - 107 ng/1
and the reeaiving water from 2,4 to 12 mg/l. In sncther less~
tion BOD, for the effiuent renged between 125 and 839 (average
206 mg/l), and 2.8 and 19.0 for the reesiving water.

m-.mmummmmm5mmmm
present study can de attributed to the relative toxic effeots
of the pollutants on the basterial flors.

mmwmmm,m-wmmm
wvaters especially during October to December and wery low
mmwummztwmtm,mm
may not be a factor contributed by the industrial effluents.

£0Ds

Chemical Oxygen Demend values were nil in 50% of the
obssrvations and when recorded these values were very low
except in 16 isolated observations where it renged from 107
to 1,669,

The ocourrence of high wlues at isolated pateshes may be
dus to the locally added load of organic matter brought in with
the land drainege, Role of first monsocnal showers in bringing
this load wvas not seen as values were wry lov during monsoon
perieds,
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Sarela Devi gt al. (1979) obssrved higher values during
premonsoon indicating a duild up of organic load, But during
the pressnat investigation the premonsoon values were negli-
gible. Vhereas they faund fairly high values indicating
fluctuating COD load at the present Stations 7/8 in the pre=
scnsoon and throughout in Station 9, during the present
studies also fluctuating COD load was recorded but with low
values, Again the oxygen asasts of this water did not show
any depletion.

While earlier studies (Sarala Devi gt g3l., 1979) showed
consistently higher values throughout the period of obssrye-
tions in 1976/77 at the present Station 1,during the pressnt
study this station was totally devoid of any COD except in
March., Thus the effeot of domeatic sswage and other parti-
culats vastes discharged into the harbour area, as noted
earlier, was not seen during the present study. Previcus
studies by Unnithen gt gk. (1975) and Vijaysn ot al. (1976)
have shown appreciable degree of erganic pollution in the
harbour area. But surprisingly the present COD values
oould not reflect this.

While Sarala Devi gt gl. (1979) cbserved a rengs of
COD load for effluents from 10 - 4,400 mg/l in Febeuary,
1977; the values ranged from 1,55 to 867 mg/l in the present
study. Vhile the effluent of Periyar Chemioals in 1977 gave
a COD wvalue of 4,404 mg/l, Guring the preseat study it varied
from 153.4 to 887 =g/l only. A single high walue of 17,800
ag/1 was noted for a sporadic distillery wasts dissherge.
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Frem the above obssrvations it is olear that the
dichromate COD values observed, as such is not capable of
indicating the organic load present in an area of the
estuarine systsm, IThus the hazardous role indicated by COD
values required further confirmation,

Adkerini tys

Analysis of alkslinity ss mg CaCo,/l1 in the study area
indicated consideredble spatial variations compared to low
temporel variations., Alkalinity of grab water fluctuated
much and was of higher order compared to surface and bottom
waters. In gmersl, Station 1 recerded high values on par
with Station 7. Very low values occurred in Stations 2/3
to 5/6 and also in Statiom 9,

he uniform high values noted in Stations 1 and 7 aight
indicats cccurrence of high alkalinities caused by industrial
pollution on one side and sewage pollution on the other aide,

Sarals Devi gt al. (1979) noted an alkalinity ranging
mw..sum.auwmmommmt
in FPebawary 1977 near Station 8 of the present study. How-
ever during the present observations the alkslinity of the
effluents send out from the factories were found to wvary
from 4.9 (Comingo) to 1,796 (Catalyst). This indieated wide
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fluctuations in alkalinity of the effluents, It did net

shov any uniform periodicity. Alkalinity of water ssmplss
collected 10 m away from the discharge point displayed values
from nil (FACT wWhite) to 166 (TCC I), indicating great dilutioe
of the high alkaline contsnt effluents.

Nempoothiri gt al. (1976) studying the pollution of the
river Kallada, by the effluents of the Punalur Paper Mills
found an alkalinity varying frem 46 to 270 ppm in zome of
izmmediate pollution, from 58 to 180 ppm in the ssptic zone,
from 36 to 120 ppa in the recovery zone and from 20 to 180
PpR in the fresh water zone, The lime sludge released from
the pulp mill had an alkalinity ranging betwsen 850 and
3,100 ppm. Carbdonate alkalinity was found toxic to fiashes,
But cardenate were present rarely as the pi of the water is on
the acidic side and normally carbonates in scid medium
ununuutocoz. So low alkalinity indicated an acid
medium and pesk walues of alkalinity indieated high alkaline
pi,

Alkalinity ssasurements are made as a means of evalua~
ting the bduffering cepacity of ammge, industrial wastes and
sludges, Carbdonate alkalinity as bicardonate was found in the
efflusnts discherged from the alkaline plants.

Many regulatory agencies prohibited the discharge of
wastes comtaining csustic (hydroxide) alkalinity to receiving
wvaters, because alkalinity as well as pH are important factors
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in determining the amenability of weste waters to bidogical
treatnent. Also oalcium cardonate, elay and caleium sul-
phate (gypmm) are objectionable in a stream as they inter-
fere in the self purifieation by diminishing photosynthesis.
They also ereated aesthetic muisance,

The remilts indieated the industrial effluents exerting
a positive toxic influence on the reseiving wvater eventhough
their contants fluctuated consideradly.

p

The runge of pH value expected for norwal sea water
were 8.0 - 8.3 and coastal waters 7.9 -~ 8.2, pH values were
mainly reduced by river ocutfall end discharge of industrial
effluents containing acids. According to Oppenheimer and
Kornicker (1958), Oppenheimer (1960) and Lymts (1966), pH
of the sediment 1s a result of CO, and H,S production during
miorobial deocompesition of organic matter,

Hydrogmn ion concentration of water is an important
indicator of the chemical condition of the depositing enviren-
ment, It shows whether the water is acidic or alkaline. The
The produstivity of the water can be determined by knowing
the pH of the water,



Hydrodiological studies carried ocut by Chandran and
Rasamoerthy (1984) in the gradient zeme of the Vellar estuary
indicated no definite seasonsl or tidesl wvariation in pii, The
tidal and diurnal wvariations in pH vilues fluctuated only
from 7.7 to 8,35, the low value eoinciding with heavy floods
s reported earlier in the Vellar estuary by Rajendran (197%).

Jayapalan gt gl. (1976) in the Udyogamandal area found varia-
tiem ip pli in the fresh water zone from 6 to 7.6, in the
immediate pollution zone from 4.7 to 8 in the septic zomne,
5¢3 t0 9.5 and in the resovery sone from 6 to 8.,4. However,
they found no proof te suggest that pH affected the

PHO5PHORIC Ju
wealth, The pi of the effluents from the sulphuric seid and
ammoniva phosphate plants varied from 3 to 5 while that of
effluent discharged from Ammeniumsulphate, asaenia and ssmonium
chloride plants wvere alkaline in nature,

During the present imvestigation very low acidic pH of
W t0 3.6 wvas noticed from Stations 5 to 8 and in general
ssidic pH prevailed from Station & ocmwards mainly during post
snd premcmsoon. Alkeline pH was noted only in May, August
and Septsmder, when the momsocn was at its peak. Also alkaline
pH ccourred uwp to Station 4, pH of the effluents throwm out
from the factories were found to vary from 2.4 (Cominoo & 7CC)
to 12,53 (from Catalyst). Also month to momth vertiations were
noted depending on ammunt and time of discharge. While Periyar
Chemicals, Caminco and TCC II maintained low asidic pH, Catalyst,
ICC with a sertain extent FACT recorded alkaline pi,



Samples collected from 10 m away from discharge points
surprisingly showed higher values ocompared to the effluents
of Periyar Chemicals and Cominco Binani, whereas lower wvalues
prevailed for Catalysts, TCC II exd FACT I while alkaline pH
was notad for effluent from TCC I and aeid pH prevailed for
TeC 11,

Comparative studies of plH values from water colusn
(surface and bottom) and gred water indicated always a higher
pH for grab water which can be well tolerated by the benthic
fauna, It is worth noting that pH sever rose to a higher
level which in combimation with high Ni, content can be toxic
to aguatic benthic 1life.

Thtis clearly ruled cut any toxic effect on benthos of
acid and alkalies throwm out from the industrial factories
of this study area. Thus the role of pH as one of the factort
governing the reduction of spcrobenthos may be mostly & local
affair, noticeable at the time of reduced water flow,

Tolereble pi renge for most of the Lishes is 5.0 to
9.0 (Michael ot al., 1956). But water with pH below 6 are
less productive than alkaline water,

Elis (1937) pointed cut that fish and cemmon aqustie
1ife prefer pH values between 6,7 and 8,4 and pH wvalues below
S or adove 8.6 are definitely detrimental or even lethal te
aguatic 1ife. High and low pH will definitaly bo detrimental
to aquatic lifs and may prevent the self purificstion proocess
of the river water.
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Nirmala gt al. (1976) feugd among the effluents low
pH 1liquor to be most fatal effluent affeeting fish life due
to i{ts highly acidic nature, Even in waters containing 5 to
8 g/1 H 50, fishes could not live. Hair gt al. (1986) in
the three areas of Cochin backwaters recorded low pH values
during monsoon months.

Variations in pH over short distance aeross the river
at the ares of dischargs were noticed which meke the environ-
amt hazardous to quatic life, The sottlement of dlack mis~
pended particles from the FACT effluent on the intertidal
flora, some distances down stream of the point of discharge
was also notioced, indicating existence of discrete plumes at
and near the points of discharge.

Data on varicus mitrients from the offluent discharge
site at an ares about 15 km scutheast frem the Cochin harbour
area (Nair gt al., 1906) indicated that they are not limiting
the primary preduction of that area as the mitrient concentre~
tions were high throughout the year, (phosphate 50 to 2,195
PCM.WMMZZ-L”OPCM. nitrite
5-539P¢M-ndmms.5-m,uam). The high
primary and secondary trophic levels and the benthic pro-
duction (7.4 g/n®) did not indicate any possible 111 effeets
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other than a reduesd prawn produsction eventhough mortality

of fishes have been reported from the vicinity of the faotory
(Venugopalan gt gl., 980). The lowered prawn production
aight be due to lov saline waters and the toxic effeot on
then. The reason for the high benthic preduction may be due
to the dilution of the effluents discharged. Also, the
mmmmmchummmto_wnymth
present inlarge scales. Boyd (1982) awring his studies on
water quality mensgsment in pond fish culture noted that sn
waters when pH wvas not high the percentage of unionized ammenia
was kept mininised, Nair gt al. (1966) studying tha relevance
of envirommental eharasters of Cochin backwaters in terms of
maintaining optimuz ecological conditions in prewn fislds
found an ares lesast affected ecologically, a sscond ares near
the vicinity of an effluent discherge from s fertilizer fastory
showing high concantration of mitrients with low prewm preo-
duction and & thixd ares most favourably situated to resist
eocclogical distortions beemuse of its proxiaity to the sea,
Surprisingly, they recorded a highest biouass of 71.b g/w®

in the industrially polluted area, the biomass from prewn field
Dear berwouth amcunted to 6.37 g/u° cnly, inspite of its large
prewn production, The above fact clsarly indicated lack of
envirermental impact arising from the industrial developsent.
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Ammonia, in the form of free Ni, and ssmeniscel
nitrogen, wvas found to be one of the major pollutants
present in the effiuenis. The Ni, comtent of the effluents
discharged from ssmonia and ssmonium phosphate plants was
greatsr than that of in the effluents discharged from other
plants. The major source was from the FACT which released
on an averags 685 tons of free ammenia per year (1.8 tommes
per day) along with ssmoniacel nitrogen at the rate of 2,512
tomnpu?ur(?tmswuy)uammmm
aental Status Report of Greatsr Cochin, Kerala by XSPCB,
1962. Of the 180 wmillion litres of industrial effluents
discharged into the river Periyar per day, the contributiom
from FACT was in the oxder of 5.7 million litres. Ihis works
out to be 120 mg/l of ammoniacal nitrogen on an aversge, But
as the discharges were not uniform the values for aamoniaesl
nitrogen in the river was likely to fluctuate very much,
Estimation of assmoniascel nitregen in the effluents from FACT
during the present study as showm in Table 5 amounted te
32.78 to 8,033.4 ’u at/l. Ammoniacal nitrogen values for the
nWWW“?ﬂaﬂlhuisﬁM(sms)
in Decamber in the study area. Compared to pre and poat-
Bongoon, monsoonal values were very low, The ammonias in
grad water fluctuated between 9.82 and 5%4.11. In gensrul,



the levels of ammenia increased towards uwatrean stations,
with low values in Stations 1 to &4 and 9 and high values in
Stations 5 to 8. Temperul veriations were highly irregilar
depending on discherge and flow rate,

Nany investigators as Peter and Mex (1950) and Ellis
(1937) have already proved the toxic effect of M, and MH,
ocempounds to fish with wvarying realts. muuwozu,
as well as its oxidation to harmless cempourds by bacteria
is pH dependent,

Wubrsan (1952) and Edmond and Guan (1936) investigating
mmmwum,mm‘wunmtmmuv
Mwmmmuwoxmmm,u%m.
Ammonia was found much more toxic in alkaline then acid waters
(Vuhrman, 1952) becsuse its unionised forw (W,),um
poisoncus than the unionised form Mi,, High levels of the
comnon salt of ammoniym, amaoniun cardonate is reported te
be toxic im alkaline media (Reid, 1969; Klein, 1972). The pH
ranging of 7.5 - 8 will minimise the toxic effect of ammonia.

Gepalakrishnen gt al. (1969) ocbserved that effluents
mmwrmrmuwmummm?-
and Panchet reservoiss, caused mortality of fizh spam.

AM&WMMM“.?WIM%
is oensidered unsuitadble for pisciculture (ISI, 1978). VWhile
Mﬂ‘ﬁﬂMﬁ‘Mmeo!%M
a level of 10 mg/l in watsr may prove to be a petential hasard
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to live stesk and huzan beings (Sattel and Smith, 1965).

Chandren ¢t g]. (1981) ostisated the samonia cemtent
and the nitrate nitrogen concentration in the composits
offlusnt from IFFCO Complex, Allabadad as 11,40 mg/l, and
63 mg/l respectively which were thought te be responsidle
for heavy fish mortality.

Ellis (1937) was also of the cpinion that ammenia at
consentration above 2.5 ppa is harmful in the pH range of
T4 = 8,5. He also deserided J main ways of pollutants
injuring fish, le emphasised the soceleration of the
toxieity of the envirament by the synergestic astion of
ssmonia and pi, Similar obssrvations were made by Umnithan
2% 8l (1977) in the industrial belt at Eloor. The suthors
hwmhm;;ﬂwtoﬂ.smunmhhﬁo-mﬂlm.
Jayspalan gt 8], (1976) recorded high concenfration of
saconis from the area. Fish mortality in Chitrspuzha river
due to effluentz from FACT, Acbalamedu Division having high pi
(8.20) and high smnenia (23.04 ppm N) was reported by
Vemugopal ¢t al. (1960). They noted ammonia content in the
zsone of mortality around helf that specified for trade wastes
(ISI, 1976 a) and about 20 times that for receiving watsrs
(ISI, 1976 b). Howewver, during the present investigations
asaenia content of the receiving waters varied from about
29.5”“/1%8%):;.1:/1. Studies on three widely sspa-
rated areas from Cochin backwaters (Neir gt gl., 1966) showed
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a definite anmmal pattern of distribution for ammoniseal
nitrogan. Asmoniacal nitrogen varied from 1,2 to 199.1
P“m' They attrituted high valuss of esmonia nitrogsn
during the monsoon months due to the heavy fresh water dis~
charge, m.wu@m-mmumnusm
due to the effluents from the fastory.

No such detrimental effect on fish was observed during
the present study though the eamonia contsnt was high (84b

)uat/lqtstn.a). This could be besmuse of the lower
pt in the watsr colusn which reduced the toxic effect of
smmonia.

It 13 knowm that aammonia is toxic to aany of the bie~
logioal aystems whexein its high concentration disrupts the
integrity of the eells which may result in the leaching of
the chlorophyll, Natarajan {(1970) studied the toxieity
of aamonia to marine diatoms and observed that free ammenia
oconsentrations above 1.2 mg/l were toxic; conoentration
around 55 mg/l inhibited pheSosynthetic carbon fixation by
90% and eonontration around 275 mg/l stopped photesynthesis
completely.

A eongiderable sseumt of urea is being diascharged as
ing urea (Ehattacherya gt al., 1973), a aitrogsnous fertiliser.
his ocompoment of the waste goes umtreated into the reeeiving
watsr bodies even after treatasnt beesuse of ita bodegrede~
bility under norumal condition which later on minsrelises to
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asmonia theredy cmusing i1l effeets.

inersanie phoshate:

Inorganic phosphate values in general were found to

be very high being 272.42, 276.83 and 145.18 for surface,
bottom and grab water in the effluent discharge areas, its
ooncentration being oontrolled by the intensity of mensoomal
flow, Lowest phosphate content was encountered at Station
9 and low values at Stations 2 and J thereafter recording
high values from Stations & to 8, The fluctuations noted

may be the after effeet of intermittent discharges of effluent:

Roohford (1951), Rittemberg gt gal. (1955), Seshappa
and Jaysreman (1956), Jayarsman and Sesheppa (1957), Zobel
(1959) and Hayes (196h) have shown the icportance of bacteria
in the amineralization of organic matter in the sediments and
release of inorganic phosphate and nitrogen compounds inte
the overlying watar, Also Zobel (1959) and Hayes (196A)
have recognized the mud water interface as an active zone
for mineralization of organic matter, According to Barnes
(1959), in shallow systems, mejor recyeling of mutrients is
affected through the sediments.

Reddy and Sankaranarayanan (1972) who estimated the
phosphate regenerative astivity in the muds of a trepical
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estuary established marked differential reastion of muds
in their chamical charscteristics and activity. vhile
marine zone sediments sppeared to be stadle and in near
eQuilideium state with the overlyipyg wvater, that of high
saline brackish water released PO, contimicualy to the
overlying water whereas less saline sediment showed a
mmwwmbmmomlymum.
Howewver they could not locats associated regular changes
mmnmuwdmumotm~Mwuﬁ.Mmh

A general association of lowered pH with the regene-
nﬁmdNththmMth.m
exsmination of their results. In one of the three stations
muonorm“mmmxmnurmzmum
at a relatively lower pH, It was found that the pH of the
sediments has been in the range of 7.2 - 8 and within this
range the influence of pH indicated an intense bacterial
Mﬁmdfnﬁunmt&mambwh
overlying water,

Depending on the differences in the besterial activity
and physico-chemical cosposition of the muds, as the rege-
nerutive capacity of the muds differ from place te place,
the nutrient concentration of the overlying water will also
differ (Reddy and Senkarsnaveyansn, 1972).

During the investigation on mitrients of Cochin back-
vatars, Sankaransraysnan and Casim (1969) attriduted the
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large asctle variation in the mutrient content of the waters
to the seesonal hydrographical and meteorological oconditiomns.
But Reddy and Seankarsnarayanan (1972) attributed this varia-
tion te the differences in the pegsnerative preperty of the
mds of the estuary at different asites.

Carrit and Goodgal (1954 and 1963) suggested that
the sediments act as & buffer on the PO, concentration of
the overlying wvater. This spported cbservation of Reddy
and Sankaraneraysnan (1972) for the marine sediment, but not
for estuarine sediments. For marine sediments the preocess
of sdsorption and descrption may be taking place more or less
simzltanecusly maintaining an equilibrium condition with
overlying water. According te Reddy and Sankarenarayanan in
the estuarine sediments it appeeared that one prosess or the
other may be dominating perhaps due to the highly wvariable
mture of the estuaring sediments caused by terrestrial

pollution and rapid ehhiges in the hydrographical features of
the enviroment.

The variation in the texture of sediments also appeared
to play s significant role in the regmneration and adsorption
of PO,. They noted that the adsorptive tendenoy is high with
higher silt clay percentage of the sediment and the low silt
clay content with the high percoentage of fine sand appear to
be condueive for active regemeration,



Very often oconcentration of erganic earbon and total
phosphorgus in the sediments were found to be inversely
related to the PO, regmmerative capacities. The sediment
where in the spparent adsorption of PO, was noticeabls the
iron and phospherqus contents were also relatively high,
Vhils Reddy and Ssnkarsnaraysnsn (1972) eculd not trase any
notiesadle depresent effest on the Po,. adsorption, Jettis
(1999) observed consideredle depressant effect of organic
matter on the PO, adsorption sediments with lowest comoen~
trations of iren, phospheryus and organic matter.

On adsorption, regsneration of the sediments was not
quite appreeiadle. The natural pH duffering cspacity of the
sediments may also be rendering it difficult to realize the
true correlation detween the change in pH of the sediment
and its PO, regeneration activity.

During high basterial decomposition, the lowering of
pH affeocted by the formatiom of CO, and organic acid, results
in the release of PO,. The comommtration of PO, may some-
mmmmmwumbwuuc:mm
.tmtpuuuummnhumdpau&rob
regeneration activity of the sediments complicated, There-
fore it is clesr that the obaserved pH of the sediment alone,
eapecially at lowver lsvels may not give definite indication
of the adsorption or desorption of PO, by the sediments,
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Carrit snd Goodgal (1954) reported that the bottom
depoaits under fresh water frequsntly become anasreobic and
acidic during stegnation and under these oconditions the PO,
relsase during the decomposition of organic debdris favour
solid phosphoxus complex as maximum uptake was found to
eceur in the pH rengs of & yo 6. The retwrn of phosphorgus
t0 solution fron adsorption complex is faveured by an inereass
Ao i,

Very low oxygen oontent snd comtinuous inerease in the
PO, oonomntration on the overlying water indicate a possible
microdiclogical activity at the md water interface.

Depletion of phogphorgus esmtent of the overlying water
and high oxygen content indieate weak miarobial activity.

The adsorption of phosphorguis of the overlying water may
be due to higher ion exchange oapacity or fization as ferris
m,.m:-mmuammnuom

A slow and progressive decrease in the dissolved oxygen
of the water sugsests controlled bacterial activity.

Nair gt al. (1966) did not record any seasomal trend
for inorganic phosphate fron three differemt aress in Cochim
baciwaters, The values rangsd from 0.4 to 37.88 ug at/l.
They noted high comocentration of phosphate contribtuted by
the fastory efflusnts being followed by en abundance of phyto-
plankton, leading te a decresse in the ommeentration of
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phosphats due to %0 utilisation by phyteplankton. Senkara-
navayanen 9% g). (1986) also had recorded high amcunts of
phosphate dus to the dischargs of effluents from the ferti-
lizer fastory.

Yemugopalsn gt gl. (1980) investigating causes of fish
kill in Chitrepusha found high phosphats content of 13.62 ppa,
indicating eutrephicated condition of the water. Phosphate
mmmmﬁmwammmuhprmm
evidense of pollution and a petential cmuse for eutrophication
(Riley gt al., 1972). Accordingly, eutrophieation lesding
to poelluted condition was noted in the present study area omly
during Decesber at Stations 6, 7 and 9 and that %00 only in
the water coluan and not in the sediment water.

An analysis of effluents diseharged alsc did not reeoxd
phosphate contant sufficient to eause pollution by sutro-
phication, except the effluents from FACT, Also samples
collected 10 metres amy from the discharge peoint showed
considerable reduction in phosphate contemt, Thus it was
found that the phosphate semtent of the effluents discharged
fron the facteries in gmmerul was of 1little siguificance in
ocontrelling the benthes.
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Hitrite:

Nitrits content in the effluent discharge ares was of
mommmmo.auz.wruamwum
nil effect of the efflusnts discharged, High coneentration
oscurred during Decemder to May owing to extracellular aitrito
produced by phytoplankton bloom as reported by Carlucel gt al.
(1970). Further it cculd alsc be premmed that excretion
by phyteplankton oxidatiom of ssmenia and reduaition of
nitrate could also eomtributs to the consemntration of nitrite
in the estuarine enviroment,

Seasonal variations in nitrits eontent ocdssrved may be
dus to the predominance of any of this proeess depending
wpon the biological activily of a particular diclogical
ageney as stated by Chandren and Remamoorthy (195684).

The nitrite conosntraticn (Nair ot al., 1986) in the
three different areas in Cochin bascivaters fluctuated bet-
mo.zuzz.szuam. vVhereas very poor level of
altrite-nitrogen wvas found by Nair gt al. (1964) in the
Ashtamdi estuary, in general estuarine stations had mere
nitrite content during the present atudy. Also nitrite
content was relatively high in grab (Fig. 9) than the
watsr column,

Ritrite being an intsxwmediats product produced both
during nitrification and denitrification prosssses, its
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unstable nature would have been a major factor responsible
for the low and varying values noticed during the study.

Mackay and Leatherland (1976) noted high rate ef o~
chemiocal oxygen demend prevailing in the viainity of regions
with high organic load, MNair gt al., (1964) attributed this
as one of the factors responsibls for the nearly total
depletion of nitrite at polluted stations of the Ashtsmudy
estuary.

Nitrite contents of the effluents showed values renging
from nil to 7.42 pg at/l, except in April for the effluent
from Catalysts, when it registered exhorditahtly high value
of 110,69 which also dropped te 3.37 aftsr 10 metres.

Importance of nitrate is that the fertility of water
Basses is solely dependent on it in line with other nitro-
gmous mutrisnts,

Spatial and temperal distridution of nitrate content
in the study aresa indicatsd irregular pattemns, However, in
general an increass was registered from Station 1 to Station
3, thereafter either declining during premonsoon or maintaini
the level during nonsoon months of August, Septemder, Octoder
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and postmonsoon month of Newvember., Grad water exhibited
very high as well as low wvaluss,

Temporal veriations from January to Deesmber in each
station wvas conaideradly high wvithout any regular pattem,

In the present studies high osnoentrations of nitrate
and nitrite were also noticed alomg with high ssmenia
contents, The nitrate-nitrito reduction sotivity was comple-
taly suppressed by the presence of amonia.

The anmiel veriations of nitrats content in the see-
somal snd peremnial fields of Cochin backwaters was found to
hMOJuﬂSZ&rgaﬂl(Mﬁ.}..%). In
gomezal nitrate availsbility was very low all along the
study erea with wide spatisl veristions in surface vaters
as noted for Ashtamudi estuary (Nair gt al., 1964). They
obasrved a peculiar distribution pattern in the basivaters
with very high nitrate content in highly polluted area
while other polluted stations hed very low content., The
low nitrate content of the polluted region may be the result
of low rato of replenishment during the degredation of organic
matter and slso possidly due to nitrate redustion. Higher
values recorded at Station 5 in genarel and in gred wvater
at times can be due to flooding of nitrate rieh fresh water/
sediment load., Unlike other mutrient comtents, nitrate
values in the effiuents wvere of comparatively low order, but
for a zingle stray value of 3503,1 for the effluent fyom

Catalyst during August,
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umended selidss

All rivers after getting polluted by pollutants like
organic matter, A@m toxicants ete, through several
ectivities of nan such as domestic, industrial, agricul-
turel sts, undergo naturel purifisation, Bhargava (1977)
after an anmalysis of the data from the water gmlity survey
of Gangs and Yamma mede significant conclusion about the
extrensly fast matural purification of rivers.

he e¢olloidial and suspended matter was removed

through physical end chemical operaticns such as coagu-
lation and settling, It was found that the exocellular
polymers present in the water interect with the colloidal
matter resulting in s considarsble reduction of BOD and

henee turbidity also, in a very short time, The BOD was

Bet by the dissolved oxygen and ressration mainly and was
stadilized through the agsneies of asrobic bacteria. The
high or low BOD values may be indicators of their removal rate.

he suspended load of the study areae in the waters
varied considerably from 3 to 252.5 mg/l for surfase and
24,8 to 256.7 for bottom waters both intine and space pro-
bably under the influence of tides, aurrents and monsoonal
flow, Thus the estuarine waters were found relatively
turbid, But contimious turdidity was not recordsd and clear
vater was present temporarily. However, the turbidity clouds
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or mud section, which is & common feature of many estuarine
rivers found in the tranzition zone between fresh and
brackish vater, gmerally charesterized by extremely high

wwumw.uomtmnro-
uuyummumzmmmumm

Generelly POC and Seston were higher in the bettom
than in the surfase. Suspended material in the Cochin
baciovatsr varied considerabdly with the state of tides and
seasons, the wvater coluum having saximum load during aom-
soon, Seston originated from domestic sswvage and industrial
wvastes relesased into the estuary in addition to the agri-
calltural runoff Jjoining the estuary in the upper reaches.

Chandran gt gl. (1984) noted that the amount of total
solids is very high in the mixed waste, ranging between
1320 to 1340 mg/l and may also reduce the light penstration
and glog the delicats dreathing mechanism of fish as descri-

bed by Jones (1962) end Patrick (1972). Suspended matter
nay osuse mechanieal injury to fishes especially during
high strean flow, It can also choke the gills of fishes

and so cause mortslity. A questiomnaire to River Boards
(Water Pollution Research, 1959) sugcested that the fishes
ocan exist in river ocontaining wp to 75 ppa of suspended
matter fron various industries., It is however difficult to
draev an exact denarcation line between harmful and harmless
suspended solids, Suspended solids in consentrations of



more than 350 mg/l affectsd the fish adveraly osusing meche-
nical injury to the gills (Penwer gt al,, 1979; Verma and
Daleta, 1976). Suspended s0lid according to Patrick (1953)
while settling down on the substreatun may turry eggs, thereby
reducing fish population,

Analysis of suspended loed of effluents from facteries
indicatsd very low values ranging from 8 to 32 (IRE & Cominoo)
to very high values of 140 to 5,000 (FACT white & ICC I).

A peak value of 17,333 mg/l was noted for effluents from
distillery. But suspended locad of water samples collescted
from aress 10 m awvay from effluent discharges recorded very
lov valuss anly ranging from 3.33 to 76, but for a high loed
of 352 mg/l for TCC I.

However, suspended load in the watsr column of the
study area recordsd comparatively higher values indieating
original suspended locad from other sources, Thus it sppeared
that the part played by the suspended load of the efflusmnts
does not seem to aifect much the fauna of the area,
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Particulate Organic Carbon:

A study of the life cycle in the pelagic realam indi-
cates that a good amount of living matter occurs as nano-
plankton, which with the more resistant pertion of decompo~
sing organimns and detritus oontributed what is tersed as
parumhh organic matter. Most research on detritus food
webds has fooussed on production of particulate organic
matter, Estuarine organic matter consists of atochthe-
nous contribution resulting from primary production within
the estuary, and -noojhmaus sontribution from adjasent
ecoaystem. Particulate matter whether derived from the
standing biomass of water column or from autochthomous and
allochthonous sources are of great value as they fors feod
for filter feeding pelagic animals and for benthos after
decomposition, Organic carbdbon is associated with and is
derived from all living systems. In its various forms it
may function as a mutrisnt, an energy source, growth stimu-
lant and growth inhibitor. Thus it may be of genersl
interest simply as & souroe of mitrients or energy or it may
be of special interest as a result of its specific biologi-
cal activity. It's rele ofcourss depends upon its chemieal
and bioclogical state.

Organic carbon and energy content of the watsr was found
to be closely related to the amount of particulate matter,
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An sassssment of particulate organic matter and energy
perjaps provides a mere msaningful estimation of the pool
of available energy to the next trophic level particularly
in shallow coastal and estuarine systeam dominated by detri-
tal material,

It is isportant to stress the centrul role of parti-
culate matter as particle, carrying pollutants, which may be
introduced into aquatic systems by murface runoff as well
as by ataospheric fall out., lsavy metals and other pollutants
cartied by river transported particles may to some extent bo
sobilised when the river water is mixed with sea watsr. The
suspended particles to an extent may be grazed directly by
plankton indicating a direct means for input of toxioc per-
sistent residue to the pelagic community. During the pre=-
sent study the POC contemt in the mouth of the ostuary was
higher compared to other upstresa station with an anmual renges
of 0,39 -~ 8,02 mg/1 in the surface and 0.81 - 15.81 mg/l in
ths bottem waters, in agreement with the high particulate
natter from 7.26 mg/l to 152.3 ng/l and 14,22 ag/l to 231.0
in the surface and bottom respestively.

POC content in the three Stations (2, 3 and 4) of lower
reashes showed an annual renge of 0,47 - 3,5 mg/l in the
surface and 0.45 -~ 8,48 mg/l in the bottom., Peak value was
noticed ik August. Suspended load (ssston) ranged between
2,43 - 60.75 mg/l in the surface and 4,65 ~ 138,0 in the
botton waters.
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In the upper reeches, Stations 5, 6, 7 and 8, the
surface and bettom POC did mot show much difference except
at Stations 5 and 8, In this zone the pesk value of POC
was 5.67 mg/l at Station 6. At the discharge aite (Stan. 8)
also a high POC content was noticed (5.33 mg/l). Parti-
cilate natter in these areas ranged between 2,3 - 75,72
mg/l in the surface and 2,75 to 88.5 mg/l in the bettom.

At Station 9 high concentration of POC (5.48 mg/l) and
particulate matter (85.42 mg/l) were noticed,

1sach (1971) found a correlation betwesn ruinfall and
POC content by five streams into Ythan estuary in Scotland,
the seasomal averages for the POC coneentration ranging frem
1.02 = 1,93 8g/1 in the estuary. Odum and de Lacsuz (1967)
recorded concentrations of up to 20 mg/l POC for streauns
draining salt marshes in United States. BEhosle gt al.
(1985) analysing the particulate matter in Mahi river
estuary cbserved short term variations,

The conoentration of total organic earbom typicel of
British untreated sewage is about 300 mg/l (Painter & Viney,
1959). Abdulla gt gl. (1973) reported POC concentration ef
between 0.5 - 5.0 mg/l1 in British Channel and Severn estuary.
Biggs and Flamer (1972) recerded value of up to 5 mg/l in
Chespeake Bay. In the Cochin backwater seasonal average
ranged between 2,11 - 4,43, In the effluent discharge site
(3tn, 8) the mean value was 5.53. These values were also
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high when compared to the POC eontent of the 4 estuaries
namely, Kallai, Mahe, Korspuzha and Beypore in the north
Ksrala coast (Vemugopal ¢t g)., un-published).

K= Yaloes:

Generully highey light sttermuation values were
expeetsd in the momsoon months especially during flood condi-
tions, due to the likely inerease in turbidity of the water
and lov intensity of solar radiation. However, during the
other seasons varistions in *K” values are likely to be rather
erratic following no definite seasoual pattern dus to the
dominanoe of elesr neritic water and the prevalence of higher
solar rediation. Thayer (1971) observed that tropical
estuaries are gensrally characterised by a wide range of
light attennuation ccefficients in contrast to tamperats
estuaries.

Chandren and Remamoorthy (1984) analysing the physico-
chemical aspects of the gredient zone of the Vellar estuary
found that the light attenmuation occefficient was low (1.4)
during sumser when the estuary was dominated by elesr neritie
water and high (17) during monsoon season owing to the heavy
water flow, Although no definite tidal veriation in light
attexmation cocefficient was noticed the values were generally
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higher during low tides. In Goa estuaries Bhattathiri and

Devassy (1977) noticed a range of 4.8 to 7.5 in "K" wvalues.
Qasiz ¢t g]. (1968) also recowded in Cochin backwaters com-
mendable reduction in the light penetration during momsoon,
the attermuation coefficient varying from 0.6 to 3,

However, during the present study, compared to the
above obssrvations very high *K" wvalues were reeorded, values
renging from 10 t0o 15 ia July and 5 to 7.9 in Octodber. Rest
of the months showed an irregular pattern, Spatial weristion
in "K" values oould not indicate any influence by the effluents
discharged,

Sediments are inriicators of the quality of water over-
lying them and heneoe their study is useful in the assessmsent
of envirommentsl pollution. Keith and Degens (1959), Kaplan
and Rittenberg (1963) and Bordovaky (1965) have studied in
detail about the components and composition of the sediments,
The nature and extent of fluctuations in the composition and
nature of sediments cen indieats the extent of stress in an
enviroment, Recent sediments especially in the estuaries
also indicated the belance reached in the system between
erosional and depositional forces. The apply and the source
of thess materials and the sites of deposition depend upon the
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type of estuarine wave action and tidal regime., Relative
doninance of coerse frection over fine grained material in
the sediment of estuariic depends on the shape of the estuary,
nature of the river flow, tidal eurrents and availabdility

of fine greined material (Postma, 1967). Mus (1967) stressec
the importance of substretus as an abiotic factor in respect
of its physical charssters as eonsistency, water content,
grain size etc. and as a blelogieal factor, as regards to
its content of the organic matter and its microbial tusrnover,
Due to the shifting of the scdiments from occestal region into
the estuarine mouth, Shirodkar and Sen Gupta (1965) noted
high turbtmlence at station close to the river mouth followed
by muddy sediments with more clay and silt. Nair gt al.
(1984) analysing the textural charasters of the ssdiment of
Ashtamudi estuary found its composition varying markedly over
the ocourse of the year in all stations. Aoccording to them
the water aurreats, the ebd and flow of the tides and various
physiographic features of the estuary are believed to play a
key note in the distribution and deposition of sediment parti-
cles in the bed of the Ashtamudi estuary.

In estuaries, the sediments are exposed to overlying
water of varying salinities. Studies in the estuarine emnviron
ment by Reid (1930) have indicated that the chemistry of the
pore vatsr depends on the salinity of the overlying water.
According to Shirodkar and Semn Gupta (19685) imterstitial waters
of coastal and estuarine sediments of Mandovi river showed high
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salinity in most of the sediments rich in elay and silt as
compared to the sandy sediments, due to ssmipermeabdle chare~
oter of clay and ailt, Accordingly, during the present
studies salinity values of greb water vas found fluctuating
between 0.21 and 28,28 %,, depending on the nature of the
sediments, Shirodkar and Sem Gupta (1985) observed, sedi-
ments in the coastal and estuarine regions havilg & reducing
thjmmmmwam;mm
whereas during Juns to Septsmber (monsoon ssasom) oxidising
oonditions prevailed,

During the present study temporsl and spatial varie-
tions in colour and texture of sediments noted were similar
to the observations meds by Remeni gt gl. (1980) in the
nerthemn limd of Cochin bactkwatsrs wvhere a variety of efflu~
ents vere discharged. The reddish brown colour of the
sediments noted at Station 9 indicated oxidiszed eondition,
whereas the light grey sediments indicated presence of terri-
gencus matter as reported by Hashimi ¢t g). (1978). The
sediments of the sffluent discharge sites (Stns. 6, 7 & 8)
were black in colour and malodoreus akin te the green and
black mud of the retting yard (Remani et gl., 1581) and
stagnant basin (Kuenen, 1950 & Hynes, 1966).

Crganic carbon content in the sediments of the riverine
systems i3 of interest as a potential food for the benthie

fauna, Generally the state of pressrvation depends partly
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on its texture. Asscociation of organic matter with fine
grained material is well established by works of Hashimi

2% al. (1978), Jayspalan gt al. (1976), Trask (1929), Emery
and Rittenberg (1952). Eisma gt g). (1966) and Pillai
(1978) stated that the main reason for such a close relation-
ship between the organic comtant and texture of the sediment
has deen attributed to the similar settling welooity of orga-
nie matter and fine minerel particlss. While Remani gt al.
(1980) noticed direct relationship between fine grained sedi-
aents and organic matter at barsouth, the present study showed
direst relationship between organic carbon and sediment taxture
in all stations exocept at Station 9, where no such definite
pattern was seen,

Sverdrup gt al. (1942) have given three fastors which
favoured high organic content in the bottom. They are
(1) the abundant mupply of organic matter from the owerlying
water, (2) the relatively rapid acamulation of fine grained
terrigenous organic mattsr and (3) the low oxygen oontent of
the bottom water,

During the pressnt study the organic carbon comtent was
found to vary between 1.19 and 46.9 mg/g affecting oonsi-
derably the pi of the ssdiments, indicating the release of
acidic compounds by breakdown of organic matter, This is in
confirmation with the observation of Shirodkar and Sem Gupta

(1985).
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High organic carben ocomtent noted during premonsoon at
Station 1 may be the result of dredging sctivities., land

nneff and terrigencus sources contribhuted to acnsconal
increase of orgsnic eardem content. lNair gt al. (1963) and
Damodarem and Sajen (1984) recordsd high wilues of erganic
matter in the sediments of Ashtamudi estuary, as s result
of discharges from the Punalur Paper NMills. The organic
earbon/organic matter content of the different estuarine
systsms, estimated by seversl authors are given in Table 14,

Sarala Devi ¢t 8).(1979) have attriluted the termination
of the blooms along with an increase in organic load of the
effluents, as a factor for the very high walues. High oxygen
content, high tsmperature and shallow depth of stations seems
to anosurege oxidisstion of organie matter in the sediments
as observed by Murthy and Veersyya (1972).

In genersl, organic matter in the estuarine sediment
is high, as high pereantages of clay is capable of holding
a high proportion of organic mattsr. Henos orgmic matter

is predeminantly trepped by clay and to a lssser extent by
fine silt ccarse, silt and send (Russel, 1950). CQasia gt al.

(1969) have reported the planktomic production of the back-
water to be about 195 g/w®/year and the zooplanktom grezers
leave a sonsideredle surplus of unconsumed basic food which
sinks to the bottom and become part of the sediment,
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&.2,1%.

Variations in biomass (g/m°) end population demsity
(mmber/n?) of benthdc organisss at the nine stations during
different months studied are given in Fig. 15./7:

At Station 1 maxisus biozass value of 1,526.9 g/a° was
noted in August and low value of 3,06, 4.7 and 6.8 g/m? in
December, June and April respectively. Rest of the months
recorded moderate values ranging from 23.5 to 344.75 g/aZ.

The population density also varied in gensral corresponding

to the biomass values, the highest density of 18,62,428/m%
ocourring in August. The low values of 405, 1,147 and 2,309/m°
were noted in Deocsmber, April and Juns respectively. In

other months the population density varied from 6,076 to
89,323/s%,

At Station 2 highest biousss 46.9 g/a° and density of
12.2#1/-2 were observed in Jamary, compared to lowest biomass
of 2,64 g/n® and dmqur 556/m% in July. Similar low biomass
values occurred in the months of May, June and September
respectively. Rest of the stations showed biomass values
varying from 12.1 to 25.1 g/n?,



e 17. Distribution of biomass and population denal
Fis at 9 stations during 1981. i
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Biomass at Stations 3, 5 and 8 and population denalty
at Stations 2, 3, 4 and 9 showed more or less the same trend
of distribution.

The bicmass values exhibited wide variations at Station
3 renging between 0,21 g/u° in Jamuery and 131.2 g/ in April.
The total mmber of crganisms also veried from /s in
January corresponding to the lowest biouass value of 0,21 g/m?
and 25,062 /a? in December in spite of a low biomass of
22,9 g/a®. Howsver, April with highest biomass, recorded a
density of only 5,777 /uZ.

The biomass value at Station & renged from the highest
valus of 923.5 g/m® in May to the lowest 5.1 g/m? in August.
The population density renged from 20,003/s® during March to
292/a® in Noveaber. Station 5 recorded low biouass values
throughout declining from a maximum of 58.3 g/s® in April to
their total absence in August and Septeaber. Statiom 6
recorded highest biomass of 81.66 g/m? in Juns with a popu-
lation density 1,043/n° whereas the highest density was in
August 5.6)6/-2 when the biomass was only 18,85 dlz. The
lowest bicmass recorded from this Station was in September

(0.69 g/n%) with 97 specimens/a®. Benthos were totally
absent in October.

Both, bicmass values, 572.2 g/m® and population density
values, 1,90,975%/n° were highest in Septesber at Statiom 7.
Ihe lowest biomass values of 0,21 and 0,17 with a population
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density of 14/a° and 56/m% were recorded in Mey and June
respectively,

Of all the stations the lowest values for biocmass were
notioced at Station 8, maximm recorded being 1.96 g/a® in
Mareh vith a populaticn density of 653/a%. During the rest
of the months population density and biomass were sparse
being totally sbsent in June, /gust, November and December.
Exespt for the high values of 17.48 and 19.7 g/a® in May and
October respectively at the upstreem Statiom 9, the biomass
values were more or less consistent ranging from 3.32 to
8.16 g/u®.  However, population density ranged from 418/m°
in December to 3,275/a% in May.

dpatial wariation in biomges:

During January peak biomass of above 46.9 g/a® occurred
at Stations 1 and 2 which showed an abrupt fall to very low
value of less than 1 g/a® at Stations 3, 5, 6 and 8. The
higher values of 9.8 and 8,66 recarded at Stations 7 and 9

were noteworthy,

Biomass values during March however showed very high
valunotMg/nzto”.omzatStnumjmbnm
ively due to the pressnce of Yillorits cyprinoides. Bt for
that, Station 1 had high biomass value of % g/u as in
Jamuary., Of the rest of the Stations 2, 5 and 6 showed a
value around 10, whereas Stations 7, 8 and 9 had very low
values of leas than 3,32 g/a°,



April too hed very high bicmass of 58 te 160 in Stations
3, & and 5 owing te the presence of Yillorits syprinoides.
However, Station 1 had comparatively lowv values similar to
Stations 2, 6, 7 and 9 lowest of 1,55 being recorded at
Station 8.

May also recorded a high peak value of 923.5 g/aZ at
Station 4 followed by high valuss of 72,89 at Station 3 and
41,9 at Station 1. The very high walue at Statiomn 4 was due
to the size increase noticed smong ¥Yilloritas cvprinoides.
However rest of the stations recorded very low values ranging
from 0.21 to 17.5 g/a?.

Exoept for Station 6 with a high value of 81,66 and
Station & with 31.3, rest of the stations including Statiom 1
during June showed comparatiwely low values, Station 8 wms
totally devoid of fauna,

July recorded peek values of bicmass reaging from Jobh
to 588 g/a® at Stations 1 and & due to patchy occurrence of
emphipods and Isopods. But for that except Station 7 with
43.9 g/u° rest of the stations indiceted low velues of biomas

An abundance of smphipods and isopods found in Station 1
during August contributed to a high biomass value of 1,526.9
g/s?. Wnile fauns was tetally abssnt at Stations 5 and 8,
low biomass velues were noted at other stations.

In Septamber due to the pressnce of Capitells ommitata
.wwumumu:m.:d-zmmnmt
7 whereas Stations 1 and 4 alsoc had high biomass becsuse of
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smphipods and Yillorita cyprinoides. Rest of the stations
abhowed lower values, dut for their total absence at Statiom 5,

Octobsr with moderate values at Stations 1, &, 7 and 9 recorded
reduced strength espeeially at Station 8 and total adbssnce at
suums..mmmuwmwm.n
Stations 1, 2 and & while other stations recorded low values,
During December except for Stations 2, 3 and &, rest of the
stations reeocrded low biomass values.

To am up, at Station 1 located near barmouth the monthly
mumofm.ﬁghzmmmmn-to:tu
stations, The lowest msen bicmass valus of 0,42 and low mean
population density of 128/a° was noted at Station 8 located
near the effluent discherge site. High mean biomass value
was notieed at Station & with 176.47 a/a®,  Rest of the
stations exhibited comparatively low values renging from 7.64
at Station 9 to 62.43 g/u° at Station 7. The order of abund-
ance was as follows: Stations 8, 9, 35, 6, 2, 3, 7, & and 1.
The above results indiceated & types of distribution of biomess -
Stations 1 and & with peek bicmass value of sbove 176.5 g/nZ,
Stations 3 and 7 with moderate biomass valus of 34.43 to 62.4
‘,.2. Stations 2, 5, 6 and 9 with low biouass values of 8,98
to 15.69 g/ and Station 8 with lowest biomass value of
0.42 g/n,



An analysis of spatial variation in mmerical abundance
at the 9 stations during each month gave following inferences.

In Jemery nuserical density wvas maximm with 12,241/m?
at Station 2 followed by Stations 1, 7 and 4. Rest of the
stations had low mmbers omly. March indicated very high
mmerical abundance at Stations 1 to 4 which was gradually
reduced to 421 at Staticm 9.

In April, Stations 3, & and 5 had high population den-
sities followed by medium values at Stations 1, 2, 6 and 7
and comparatively low values at Stations 8 and 9. While peak
values of 14,496/u° was noted at Station & in May; Stations 1
and 3 recorded more then 5,367/a%, Stations 2 and 9 more than
2,159/a° and rest of the stations low valuss. June in general
had low mmerical density ranging from nil (Station 8) to 2,309
/a?. owing to the occurrence of isopods, exphipods, Yillorita
QYprinoides and a dense polychaete population during July
Stations 1, & and 7 recorded very high mmerical abundance,
Rest of the stations recorded lov dansities only.

A rare abundance of amphipods and isopods mmbering
18,62,428/8% ocourred at Station 1 in August while no organisms
was present at Stations 3 and 8, Reat of the stations had a

density ranging from 488 to 6.566/l2.
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Presence of the polychaete species (Capitells eapitata)
at Station 7 during September gave a peak density of 1,90,973
/s, Tis wvas followed by ancther peak of 43,092/m° amphipods
at Station 1. Lower densities of 1,211 to 2,517/a% were noted
at Stations 2, 4 and 9. Low mmbders were present at Stations
3, 6 and 8 while no specimens were noticed at Station 5,

October recorded a high density of 21,436/a? at Station 1,
followed by low values of 1,501 to 3,074/s at Statiens 2, 3,
7 and 9, Exospt for total absence at Statiom 6 rest of the
stations had very low densities of 28 to 668/m%.

November too had e similar pattern as in October, with
a pesk walue of 60,940/n2 at Station 1, low values of 1,083
to 8,063/n° at Stations 2, 3, 6 and 7. Howewver 70 individuals
were present at Station 5 and only 180 at Statiom 9 while
none wWas recorded at Station 8,

While an smphipod swarm of 25,062/m° at Station 3 forwed
the pesk density during Decsmber, Stations 2, 6 and 7 had low
values of 1,154 to 3,060/a%, Wnile none was present at Station
8, rest of the stations had very low densities of 98 to 766/9°.

Thus, the population density also showed wide fluctuations
between 128/u? at Stations 8 and 1,92,126/n% at Statiom 1. At
Stations 2 to & losated at the lower reaches population density
ranged between 3,773 at Station 2 and 6,765 at Station 3, 1In
the upper reaches of the estuary the population denzity ranged
between 128/a% at Station 8 and 20,643/x° at Station 7. The
source water (Stn, 9) off the effluent discherge site showed
monthly aversge population denaity of 1,178/m%, 1In all, 3



m;ot-mmldhmﬂ. Station 1 with very
high density of 152 per thousand, Stations 2, 3, & and 7 with
lower densities of & to 20 per thousand and Statioms 35, 6, 8
and 9 with the lowest denaity of around one per thousand., In
the grder of abundance the population density increased frem
Statiome 8, 35, 6, 9, 2, &, 3, 7 to 1.

~02¢2._ LY

At Station 1 ssasomal wvariations in bicmass indicated
mmoxsaed-zmmwuxnm
47.78 g/w? during the pre- and post-momsocn periods. Simi-
larly, meen population density was miximus with &,04,917/u?
during the monsoon, and the lowest density of 6,351/m? was
Tecorded during the premonsoon, compared to 23.261/-2 in the
postaocnsoon.

Biomass values of Station 2 had high values of 31.76 g/a?
and 11,01 g/u® during pre- and pest-monsoon periods and low
values of 8.86 g/u? during the monsoon. Mean population
density was high during the postmonsocn (5,754/s2), whereas the
mmdpmmamz.mms.uz/-zn.-
pectively,

Station 3 was charsoterised by high mean biomass walus of
m.&mzmutmpmwu-mtnz
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in mesn values to 7.9 and %0.26 g/a® during mensoon and
postaonsoon (Juns to January). Howsver, meen population
densities were high with 11,398 and 11,040/a° during the
premonsocn and postacnsoon respestively, whereas the mensoon
mmmyubﬁh’.

The mean biomass valus at Station & was high with
377.78 g/a? during premcnscon followed by 148.9 g/m® during
the monsoon, resching a low valus of 21.5 g/m? during the
postmonsoon, Mean population density with the same trend as
adove, had he maximm population density of 12,997/a% during
the premonsoon and the lowest density of 1,389/m% during the
postmonsoon. Monsoon exhibited an intermediate density of

3,086/a2.

Station 5 recorded the highest (23,1 d'la)-unhuun
during premonscon lsading to s sudden decline in mean values
to 0.8 and 0,36 g/m? during the postmonsoon and monsoon
respectively. Similar decline in the mean population densi-
ties were observed frem 2,642/a® during the premcnsoon to
126 and 20/w? during the postmonsoon and monsoon perieds.

The mean bicmass value at Station 6 was high (20.5 g/a?)
during the monsocn compared to 8,36 and 4.69 g/a? during the
pre= and post-monsoon respectively., However, the mean pepu-
lation denaities exhibited a deerease in values frem pre-
monsoon to postmonsoon having 1,863, 1,415 and 1,121/a® during
premonsocn, monsoon and postacnsoon respectively,



The high seasonal mean biomass (130.6 g/m?) ocbserved at
Station 7 during the monsoon was reduced to 8.42 and 2,78 g/m?
during the post and premonsoon respectively. Ihe meen popu-
lation densities also exhibited a similar pattern with &3,547/m°
during the monsoon decreasing to 2,469 snd 665/m° during the
post and premonsoon respestively.

Station 8, vhere the effluents were discharged was note-
vorthy in the sense the low mean ssasonal biocmass value of
1.35¢hzmﬂummnsnwtoo.wdlzm
the monsoon and postaonscoon. As noted above the low mean
population density of 423/m° during premonsoon declined to
22/u? during the monsoon and a low value of 9/a° during the
postacnsoon,

The upstreen Station 9, but for the low mean biocmass value
of 5,46 g/m® auring postmonsoop recorded a high mean value of
a..'oandadlllzmmﬂnprmoonmdmmm
respectively. In assoceiation with ths above changes the mean
population density varied from 1,547/s° and 1,281/ during
the premonsoon and monsoon ssasons respectively to a low mean
uluoot63‘l/-2mﬂnpom. Thus oonsiderable sse-
sonal variation could dbe noted in the biomass values and popu-
lation densities from Station to Station. Seascnal averages
showed high biomass during premonsoon period at Stations 3
and &, vhereas high values prevailed at Stations 1, & and 7
during monsoon. During postaonsoon only Stations 1 and 2 with
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values above 31,76 ‘/.2 had the high biomass. The lowest

bioczass values prevailed at Station 8 throughout the year
while Station 9 recorded low values in all the seasons.

POUNIALE 5 W

‘Ll! .")

Benthic fauna of the 9 stations in the astudy area
oonsisted of amphipods, polychaetss, isopods, tanaidaceens,
sclluscs, other crustaceans (Decspods, Aceteg sp., alpheids,
Belanus sp., insect larvae, chiromomid larvae, Ignytarsus sp.,
Rlsctrocosmis sp., Epbdre larva, Simullye ., Cricetopus
sylvestris. Beszia w.. Vater beetle, Anatopynia m.,

Riasess sp., Jastes sp., May fly larvae, Platambug sp.,
unidentified larvee, Cuasoeq ®p.) and miscellanscus groups (Sea
ansmone, flat worn, nematods, sipunculoides, echinoderms, and
fish larves), 0f these 31 groups, the first five nx’bmumt
beeause of their mmerical abundance as & result of swaraing
and pateniness. Rest of the 26 minor groups were found less
significant due to their rare ocourrence and low mmerical densi-
tiea., Polychaetes and mollusecs were the only major faunal
Sroups present in all the nine stations. Amphipoda renked third
in ccourrence being present at Stations 1 ¢o0 7. Hext in ocour-
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rence was iscpods and tanaidaceans present in the same
Stations of 1 to & and 6.

Among the 26 minor groups including 13 riverine forams,
Chironomid larvae were present at 7 stations exospt Stations
1 and 6. HNext in ocecurrence was insect larvas being present
at 6 stations exospt 3, &4 and 8, Decspods and Tpnytarsus sp.
were present in & stations each,former at Stations 1, 2, & and
5 and latter in Stations 2, 3, 5 and 9. The ssven groups
nsaely nsmetodes, sipunculoides, fish larvae, cumaceans,
Elsctroonenis sp., Epbars =.,_Anatopynia sp. were identified
from three stations each. Echinoderz larvae and Diapegg ep.
were collectad from two stations each,

Faupal denalty - Soatial veristion:

Bajder Croupg:- Polychastes were the most comnon faune
preasnt at all the stations constituting the largest assemb-
lage of the benthic organisns in the study area. Station-wise
varfstions showed their meximum density of 2,26,083/u° (Com-
prised solely of Capitells capitats) at Station 7 followed by
high values of 24,651/n% at Station 2 and 20,759/a° at Station
1. But for very low values of 947/u? at Station 8 and 3,616/
in Station 5, values at the rest of ths stations renged bet~
ween 11,229/n% and 13,526/u%, The numerieal atumdance of
polychastes, did not show any definite pattesrm with variations
in environmental paremeters.
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Melluscs, the second most common group, present at
all the stations showed a peak density of 26,896/a° compossd
of Yillorita cyprinoideg at Station 4. Moderats values ranging
from 1,949/n% to 4,817/u° were noted at Stations 1, 3, &, $
and 6. Low densities were cbserved at Station 2 with
669/n%, Station 7 wvith 140/n%, Station 8 with 430/a% end
Station 9 vith 196/a2.

Amphipods, eventhough highest in mmerical alumdance
smong the 31 growps, vere third in reank in occourrence as they

were missing at Stations 8 and 9, The peak abundances of
smphipods (20,36,402/8°) occurred at Statiom 1. Subse-
quently they exhibited a substantial reduction tewards
Stations 6 and 7 with counts of 182/u® and 627/n° respectively,
Shereafter being totally absent at Stations 8 and 9,

Isopods renking 4th in ocourrenee were recorded at 5
stations, only. Their peak alundance of 41,466/ eocurred
at Station 1, Howsver, the other & staticns recorded consi-
derably lower densities renging from 241/m? to 501/m?, But
for a very low density of 14/m® at Station 6, they were totally
absent at Stations 5, 7, 8 and 9.

Tanaidaceans, like isopods, were seen at the same five
stations with a peak value of 4,073/a% at Staticn 1. 4s is
the case with 1scpods, lov demaities renging from 42/a% to
140/u° were recorded at Stations 2, 3 and 4, But for a very
low density of 14/a? at Station 6, tanaidacsans were not
present at Stations 5, 7, 8 and 9.
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Hingr Orgupgs- Chironomid larvee, a pollution indi-
cator formed the most common faunal greup being present at
7 stations except at Stations 1 and 2, 0f the 501 specimens
collected 375 belonged to Station 3, followed by 28 each &%
Stations 2, 8 and 9 and 14 each at Stations &, 5 and 7 res~
pectively,

Of the 168 insect larvae collected from 6 stations, 42
were present at Station 7, followed by 28 each at Stations
1, 5, 6, and 9, and 1th at Station 2. Decapod larvae including
orsd megalopa numbering 488 were recorded from & stations,

A maximm of 181 were present at Station 5 followed by 167 at
Station 1 and 70 each at Stations 2 and &. Janytarmus =..
a riverine form was found at & stations. Of the total of 168
specimens, 112 belongsd to Station 9, whereas Stations 2 and 3
had 14 each and Station 5 had 28 specimens, Nematodes mmber-
ing 821 occurred 2 only in 3 stations with an abruypt decline
from 751 at Station 1 to 56 at Station 2 and 14 at Station 3,
Sipuneuloides, as above, recorded from 3 stations mmbered
280 with a peak of 196 at Station 1, reduced to 17 at Station
2 and 14 at Station 3, Fish larvae nabering 98 were collected
from Stations 1, 2 and 3 with a peak pressnce of 70 at Station
1, and 14 each at Stations 2 and 3, Cumaoes also, present at
3 stations, had & maximum count of 8h at Station 1 and ¥ each
at Stations 2 and 3,
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Plectrocnemia #p., & riverine fors nunbering 871 was
found at J stations, a maximm of 663 being present at
Station 9. Mmmmmubmuﬂh
from Station 2 and 14 from Statiom 3,

70 Epbirs sp. also, another riverine fors, was obtained
frop 3 stations - 42 from Station 9 and 14 each from Stations
3 and 6,

Another riverine form, ADatopvynils mp. mumbering 2937 was
also recorded from J stations. Its meaximum density of 168
at Station 9 followed by 111 at Station 6 declined to 14 in

Station 7.

Echinodern larvase were pressnt only at 2 stations,
Station 1 with 166/n® and Station 2 with 42/m2,

A riverine foru Digmess sp. also was reccrded at 2
stations, Station 7 with 14 and Station 9 with 362 specimens,

Fifty aix flat worms were identified from Stations 2 and
3 with 42 and 14 specimens respectively.

Rest of the 12 minor groups were located only at one
station each,

Aoetas sp. mmbering 14, Alpheids 28, Balanus 36, and
sea ansmones 3,686 were encountared at Station 1 only,

Riverine forms,ss Simuliug =. and Cricotepus syivestris
mmbering 28 and 14 respectively were recorded at Station 5,
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Fourteen Dezzis . were present, only at Statiom 6.
Station 9 had 5 riverine forma endemic to 4it. They were
Bagtis w. (28), May fly larves (28), wator bestle (84),
Elatslug sp. (28) and en unidentified crustascean larves (44).

el devialtys-

Tamporal varistions: Asphipods predominated the benthic
mmmummmmumu
Station 1, over 74% during Januery and March at Station 2,
over 91 during Novembder to Jamuary at Station 3. over 82%
during March st Station 4 and 100% during June at Statiom 7.
Rest of the months recorded lower densities at all the statioms.

Pelychastes were over 69% during March and April at
Station 1,o0ver 88% from April to Deommber at Station 2, ower
91% from June to August at Station 3, Over 62% during August
at Station 4, over 94% during May at Station 5, over 85% during
Mareh, May and July to Decembder at Station 6, over 77% in all
months at Station 7 and 100% during HMareh, July, Septeadber
and OCotober at Station 8, and over 78% during Herch to December
at Station 9,

Molluscs oonstituted 100X during Jamwry at Station 3,
over 78% of benthic population during Kay and September to
December at Station & ever 97% during June at Statiom 6, 100K
during May at Station 7 and over 78% during April at Station 8,
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Surprisingly only pelychastes were present during
April at Station 2, caly melluscs during Jaruary at Station 3,
only insect larva during July at Station 5, ohly Eohvdra =p.
auring January at Station 6 and only chironomid larvae during
January at Station 8.

Benthic fauna were totally absent during August and
Septesber at Station 5, during Octodber at Station 6 and
during Juns, August, November and December at Station 8,

Above results clearly indicated fmmal succession at
all stations during the period of atudy.

Even indicator species were not present in polluted
stations during all months, 7The above facts Glearly indicated
that the presence or absence of denthic organisas depended,
in addition to pollution effects, on a mmber of other environ-
mental peremetsrs,

Esuna) diveraity:

Of the 31 faunal groups identified consaisting of five
major and 26 minor ones, 16 groups each were present at
Stations 1 and 2 followed by 14 groups each at Stations 3 and
9, nine groups each at Stations &, 5, and 6, 7 groups at
Station 7 and only three groups at Station 8, This clearly
indieated & reduction in faunsl diversity from 16 to 3.

Taking into considsration of the five major groups, all
of them were presant at Stations 1 to & and 6, whereas Stations
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5 and 7 had three groups each and Stations 8 and 9 enly
two groups esach,

Regarding the 26 minor groups & maximm of 12 of them
were present at Station 9; followed by 11 cach at Stations
1u:d2:9.t3httop3:6msat8tnﬁmkand5;h
groups each at Stations 6 and 7 and only one minor group at
S8tation 8. Reduction in species diversity at Station 8
might be indicating the polluted enviremmental of that area.

Seven species of smphipods were ifdentified from 9
stations (Table 11 a - 11 1), All the 7 species were
recoxrded only from Station 1, near the barmouth, whereas not
even a single species was present at dtations 8 and 9, While
suumz.bandsbddanxnanoh.suums.émt
had 5, 5 and & species respectively. MNo amphipods were pre-
sent in Stations 8 and 9, wherees, Quadrivisio bengalensis
and Caprillidse were present in Seven stations, Cevwphius
Arissncoyx and Grepdidierells gilesi in 6 stations and Nelits

zeylanios, Ericviss Shilkeusis , end Q. bevpier] at Stations
5 4 and 2. G. bgunieri was not tolerant and was found more

asensitive to low salinity. mymabuntmim



Stations 3 to 9 but eontinued to thrive in Stations 1 and 2.
The few exceptions to the adbove are stray occurrences,

B, ohilkensis ocourred in few mumbers during July and August
in Station 1 and it ocontinued ts be less in Stations &4, 5 and
7 during Jamuary and Mareh., §. gilesi wes found in the
salinity rangs of 3.4 to 3,7 %, at Stations 2 ¢ 5. Corephiue
Srianenonyx was found uniformly abundant at Stations 2, 3,

4 and 7, with very high values at Station 1 and very low
values at Station 5, and total abesnce at Station 6. But
for a high value at Station 6 and low valuss at Stations &
and 1, 9. Dengalensis was uniformly present at Staticns 2, 3,
S and 7. Whereas . gilesl showed high values at Stations

2 to 5, Csprillidae showed high values at Stations 35, 6 and 7,
Except for the adbove, rest of the species, G. bgunieri.

M. Zeylsnica end E. shilkenals when present were only in few
mambers,

An analysis of 7 amphipod species as percventage of total
benthic fauna (Table 16) collected from Stations 1 to 9

revealed the following: Q. bengalenais showed an increase
from Stations 1 t0 J and a decrease from Stations & - 7,
Caprillidae, though present in very low percentags increassed
from Stations 1 to 5 and decregsed from Stations 6/7.

C. Siasnonyx vith very high percentage of 835.21 at Station

1 got reduced to low values of 12.57 to 34.33 %X in Stations
2-4 and very low percentage from Stations 5 to 7. §. gilest
increased from Stations 1 to 3, decreased frem Stations & to 6
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reaching & very low at Station 6 and then was absent in
Stations 7, 8 and 9. J. Zeylanica vith very low percentage
inoreased from Stations 1 to 5. [R. shilkmuals noted in
very very low percentage was sbesnt in Stations 2, 3,6, 8 and
9. G- Popnisri vith low percentage at Stations 1 and 2 wvas
absent frem Station 3 onwards,

Thirty polychaests species Dhave been identified from the
study area (Table 11 a to 11 1). Of these a maximm of 25
species were recorded from Station 1 (near barmouth), Other
stations indicated substantial reduction in the mmber of spe-
cies towards the upper reaches of the estuary, having ocompri-
sed of 19, 10, 8, 7, 5, 6, & and 6 species at Stations 2 to 9
respectively,

Specles-wise occurrence (Table 11 a to 11 1) showed pre-
sence of 2 species i.e. Lycastis indios end Dendrongreis
sostuaring in all the stations vhereas 3 species i.e. late~
remestides Rifidus. Pricvosplo pelybrenchiata and Parshetere-
pogtug temuis were noted at 7 stations esch. Capitells
sepitate wvas present anly in 6 stations, Those species presemt
in & stations each were Bynice fubifex and Quwenia sp. Three

species nanely Glycers couveluta, Heteromastus similis and
Peresneries cavifrong were noticed in three stations each,
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However, 2 stations reedrded 9 species each i.e. Dicvatrs
pespelitans, Rista indlice.Anclatrosyllls eonstricta, Jambrl-
sonerels potocirrata, Gonlds sperits, Glysera albe. Nephthys
sligebranshia, Ialesspia srnandalel end ligis ®. The rest W
species were recorded from one statiom each, They are Notapygoy
®., kmbriconsries slmisx, Sthepelals bos, aballldae,
lephthys olligebrepchia, Qdoptosyllis srmavelayi. Serpula YRrml-
Silarip. Aphredistides, lambricopsrsls pasudebifilaris and
Erienespio pimats.

Of the 30 specics of polychaetes identifisd the following

8 species namely P. polybranchiata, ligtooyges ap.. k- slmplex,
£- boa, 3abellidae, N. polvbrapshia, Qdantoavilis sraveleyd
aend 3. yeraicularig were recorded only from Station 1 near
barmouth. Probebly their adbssnce at Stations 2 to 9 wvas
csused by a fall in salinity frem 21 to 0.2 %¥,. Absence of
Aphroditidae at Station 1 and its pressnocs especially at Sta-
tion 2 may be incidental, However absence of L. pseudobifilarig
at Stations 1 to € amd its pressmce in Station 9 is significent.

Regarding 9 species recorded from 2 stations each 7 of

then namely D. pespolitans, P. indice. 4. sonstrieta, k. note-
sirrats, §. emerita, G. albe end . olizobranchia were
sncountered from Stations 1 and 2, Their absence at Stations
3 %0 9 may be attributed to enviromuental conditions prewail-
ing at those stations. E. fibifex and Qwehiy sp. were seem
at Stations 1 t© 4 again controlled by environmental fastors



=33023 -

prevailing there, Capitells capitats not recorded at Station
1 were found in increasing abundance from Station 2 towards

Station 7 (0.17 to 99.1%) indicating its tolerance to stress
conditions. However its absence at Stations 5 and 8 can be
due to lack of suitable substratum., Its presence at Station
9 aight be a chance occurrence, H, bifidus and P. polybran-
Shista present in 7 atations each were found gradually reduced
in abundance towards Station 7 indicating stress from indu~
strial pollution. But their abundance at Station & shows its
tolerance to pollution csused by retting., pP. temig which
showed inereased ococurrence frem Stations 1 to & was reduced
in abundance at Station 5 from leading to their absence at
Stations 6 and 7, but gradually inereased from 1 to 3.11% of
the total benthos at Stations 8 and 9 respectively. Of the 2
species present in all stations L. jédics with low densities
at Stations 1 to 7 showed a sudden increase to 7.98 % in Sta=
tion 8 and 50.99% at Station 9. D. gestuspring increased from
0.006% at Station 1 to 57.44% at Station 8, followed by a fall
to 18.07 % at Station 9. However Station 7 with 0.69% recor-
ded a very low ocourrence.
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Ealyehaste:

At Station 1, of the 25 species present & gpecies
nemely H. Rifidus, L. sisplex, D. pespolitens end P. poly-
branchiaty were the dominant ones forming only & maximm of
0, 71X, However at Station 2, of the 19 species present
H. difidug formed 38.25% followed dhy P. polybrenchigts with
8.32%, D. nespolitana with 0.64% and L. indice with 2,28%,

Of the 10 species noted at Statiom 3, H. bifidus, D. ssstuarin
ke juiies and . polydranchigts formed 6.03, 5.77, 2.35 and
1.4% respectively. Station 4 had 4 dominant species ocut of

8 species present namely P. femuls, P. pelvbranshiate, l.
bifidug, and D. gestuaring forming 9.69, 5.42, 2,06 and 2,02 %
respestively., Of tne 7 species at Station 5, D. gestuaring
(36.78%) dominated follewed by P. polybrapchiata vith 3.13%.
While 5 species were collected from Station 6, Capitells
Sspitats with 52.8%, D. geatusring with 29.7% and P. poly-
branchiata with 1,67% dominated, Station 7 with 6 species
marked an abundance of Cgpitells egpitats compriasing 98.8%,
D. aeatyaring constituting 57.44% and L. indicq with 8% were
the dominant ones ocut of the & species present at Station 8,
The almost fresh water dominated Station (9) had 6 species
with L. indicg with 51%, D. gastuarine with 18% and Capitellids
with 6.6% and P. temuig with 3.1% in order of abundance, Of
the above asntioned 6 most dominant species only & were pro-
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minent, C. gapitats dominant at Stations 6 and 7, D. gegtug-
Iips dominent in Stations 5, 6, 8, and 9, L. jndiea at
Station 9 and H. bhifidug at Statiom 2,

0f the 9 molluscan species idemtified, not a single
species was recorded from all stations, iHowever, one speecies
Pendora flsxoss was collested from 8 stations, ancther species
Yiliorita cyprinoides was recorded at 6 stations, Litterina
dittoring at 5 stations, and the unidentified gastropod from
3 stations, 3 species nsmely Paphis pspillions, Mediolus
riatulus and Args sp. from 2 stations each and one species

each of Meretrix casta and Patiage sp. was collected from cne
station each.

¥hile 7 species were noticed at Station 4, 6 species at
Station 2, & at Station 3, 3 each at Stations &, 5 and 9, 2
species at Station 6 and 1 species each was recorded iriStations
7 and 8. An analysis of their dominance (Table 16) indicat-
ed an ineresaing abundanoe of P. Lisxoss from 0.01 at Station
1 to 30.61% at Station 8. However it was not present at
Station 9, The second species in abundanoe was Y. gyprincides
vhich comprised 35.4% at Station & with reduced density on
either side. Equally dominant was [ittoring littoring which
at Station 5 exhibited a siddenppurt frem 0.02% to 3b.3%,
thereafter showing total absence,
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Minor Greups:

lsgpods - Of the 2 isopod speeies identified Anthuridas
was present at Stations 1 to & and 6 whereas Cirrolinia fluvis-

3ilig was recorded at Stations 1 to 3,. VWhile both species
were recordsd at Stations 1 to 3, Stations &4 and 6 hed only
Aptinridas sp., Sirrolinig sp. (Teble 16) forming 1.9% of
total benthos at Station 1 could tolsrate the lower salinity
in some months near barsouth,

Tanaidaceans also were repressnted by 2 species
Mpasvdes Kysuoohobiug and Apgeudes chilkenals. While both
were present at Stations 1 and 2, Station 3 hed only A. ghil-
Fausls, whereas Stations & and 6 recerded A. gymnophobiug enly.
Of the total population in those stations, their representation

was oeagre,

Among other 26 minor groups recorded, 13 of them are
fresh water ferms listed in Table 16, Of this special mention
say be made an the ocourrence of chironomid larvae in view of
their role as indicators of pollution. They were present at
7 stations except the one near barsouth and Station 6. A maxi-
mm of 2 perocent was noted at Station 8 in the area of efflu-
ent discharge with comparatively low perocentage in other
stations,
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inecles diversitys

The diversity of a benthic commmity may be expressed
using data of mmber of individuals on the mmbder of species
present. From a heuristic spproach an index of diveraity
may be used in the same way as other envirommental parsmseters
as salinity/tsmperature erc. to explain the distridution of
the species. Hence an attempt was made to determine the
diveraity index at the 9 stations of the study ares,

The Fisher's diversity index o< end its variance
V («¢) and Shemon Wiener diversity fumction H (S) at Station
1 (Tadle 47 a) indicated that more and more species occur
during post and premonsoon periods and that diversity did
not alter very frequently., It chenged gredually. HNac Arthur's
coefficient of equitadility being more than 50X during post
and premonsoon butless than 25% during the mensoon period,
showed that due to the inequitability in the distribution of
the individuals among the species, the sample community had
a speecies diversity sppropriate to a community of only 50%
a8 many species as actually ocourred during pre and post-
monsoon period, excspt December, while only 25% during
the monsomn period.
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Table - 17 a. Showing values of mmber of specimens (N),
mmber of species (S), diveraity index (<)
its variance (V(<C)), Sheannon-Viener
funetion (H(S)), 5 and Mac Arthur's
equitability coefficient (£ ), at Stn. 1.

;mm | N s o Y ) H(8) an'(;z
Jamuary 7,601 26 3,07 0.09 3.13 12 50,00
March 12,511 29 3.55 0,09 3.69 18 62.06
Aprid 1,8 13 2.05 0,10 1,89 5 38.46
Mey 6,119 26 3.09 0.09 2,91 10 41,67
June 2,309 9 1.9 0.0 2,37 7T TI.T7
July 61,964 14 1.3 0,02 1.29 3 21.43
August 78,909 15 1,37 0,02 1.3 & 26.66
September 29,000 13 1,29 0.01 0,73 2 15.%8
Ootober 29,94 15 1.58 0.03 0,88 2  13.33
November 60,886 29 2.06 0.03 2.4 6 28.%7
December 406 16 3,32 0,22 3.61 18 112.%

e ap

o o ¥ () and H (8) at Station 2 (Table 17 D) showed
maximm values during pre and postuonsoonn end very low value
during monsoon as is the case with Station 1 resulting in
the pressmoe of largest mmber of species during pre and
phat-mongoon and their abdbsence during momsoon period, this
period being unfavourable to those species. Equitability
cosfficient with maximun at July and ainimum in October
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was found changing in a z2ig zag marnner throughout the year

probably due to increased external disturbdbance, as accordingly

sample commmnity throughout the period at this station was

found to be only nearly 50% of the species sctually oceurred

in order to have the same diversity.

Table ~ 17 b. Showing walues of mmber of . ?I
nnborofMQI(S.di ty index("),
its variance (V s Sharmon~Niener

function (H (S)), and Mac Arﬂnr'
equitability eo.tfiozwt (%2) at 8tn, 2,

:untn- TN 8 < Ve He ¥ 2%
Janery 12,263 19 2.20 0.05 2.32 7 3.6
Merch 7,079 20 2.52 0.07 1.82 5 25.00
April ,0% 2 0.24 0.0¢ 0.3 1 50,00
May 2,160 19 2,87 0,13 3.15 13 68.42
Aune 1,280 7 0.97 0.0 1,44 3 &2.85
July 357 5 0.76 0.03 1.5 & 80,00
August 6,546 6 0,65 0,01 0,55 2 3333
Sep tember 2,518 7 0.8 0.03 0,82 2 28B.%7

3,075 8 0,96 0.03 1.9 2 25,00

«b
W)

2.2% 0,09 2,95 11 73.33
2,33 0.9 2.0 3 a21.718

=D

3,061

®

Ostoder
Novender 1,963
Deesmber
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send ¥V () values at Station 3 (Table 17 @) were
comparatively high during the end of the premonsoon and up to
the middle of the monsoon and very low during the rest of
sonsoon periocd. xonqom:oceurn#mu-tho“otpn-
monsoon to the middle of momsoon period, this being the most
favourable period., Howewver compared to Stations 1 and 2 this
station hed less diversity. Incresse in the mumbder of species
wvas a slov process to be ended with the onset of postmsonsoon.
H (S) values however were higher than < . Eguitability walues
were also high being 125% for September indicating that the
diversity will remain the same till the nunber of species goes

up by 25%.

o/ values at Station & (Table 17 (d) were meximm in
Jamiary, very low during othu" postaonsoon sonths and almost
censtant during preacnsoon and monsocn periods. V (') was
relatively high in January, pre and monsoon periods. Species
which oococurred from Jamuary to monsoon period slowly got peri-
shed vith the onset of postmonsoon indicating that the most
favouradble period for benthic organisms was the premonsoon and
monsoon periods. H (S) values were comparatively high even-
though they all were of the same pattern. Equitability
coefficient was very high (100%, during October indicating
most even distridution of individuals. Nearly 68X of the time
points (months) had a aspecies diversity eppropriate to a commu-
nity of more than 50% of species as much as actually ocourred
during these manths,



Table ~ 17 ¢, Showing values of number o
number of lpocios (sg,

its
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function (u (s)
equitability oo-rncunt (z) at Stn. . 5

rr:goeinlnl

N,

ty index (°<').

Shnnncn-linmr

Nenths N B < V= K8 § 2z
Jamary 15 1 0.2 0,03 0,00 ¢ 400,00
Mareh 23,057 10 0,99 0,03 0,92 2 20,00
April 9,772 19 2,45 0.02 2,74 9 47.36
May 5,368 15 1,89 0.07 2.9 10  66.67
June 335 7 1.2 0,05 2,30 7 100,00
July 2,37 11 1,49 0,07 2,16 6 Sh. 5h
Aagust 2,615 9 1.1 0,03 2,00 5 55.56
Octeber 1,502 & 0,5 0,09 1,58 & 100,00
Decamber ”’“1 8 7.7 0.01 1.5 b 50,00
Table - 17 4. At Statiom 4.

Jamary 3,057 9 2,63 0.09 2.95 11 57.89
Mareh 20.00G7 8 0.7 0,01 1,75 & 50,00
april 8,56 15 1,93 0,05 2.40 7  46.67
May 14,990 12 1.28 0.03 175 &  33.33
June 530 7 1.% 0,06 1.5 & 7.1
My 12.9“ " 1.18 0.02 1.67 & 36.36
Aagust &19 7 1.1 007 1,80 5 T1.43
Sep tambder 1,198 7 0,99 0,06 1.9 3 42.85
October 669 2 0,25 0.0 4.5 2 100,00
Kovenbor 293 2 0,29 0,01 0,28 1 50,00
Deeegber %7 6 081 004 1,96 5 83,33
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o/ Values at Station 5 (Table 17 e) being compare-
tively high during postmonsoon and in the begining of mon-
soon periods, the middle of monsocn period (August and Sept,)
was the most unfavourable, as evidenced dy the nonocour-
rence of species. V () and H (S) were high dusing post-
monsoon and begiming of pre-mensoon indicating ocourrence
and disappeerance of species. All the months (time points)
having high equitadbility coefficient especially frem June to
Deosmber, in this station, in this pericd, all being the
most unfavourable, evenness is attained in distribution
by the absence of gpecies unlike other stations. VYhereas,
the distribution tended to be uneven during Jamary to
May due to cccurrence of more species.

At Station 6 o« and H (S) valuss (Tadble 17 £) got
reduced from the begimning of premonsoon through momsoon to
postaonsoon, uuatn.m@nmmm;r.mot o
was sane throughout the year, July with maximum. M¢ Arthur's
coefficient of equitability (100X) showed that during post~
aonsoon vith a few species distribution had decome more and
moTe even than in other periods with more speeies.



e - 17 Sl s of pmee oL B ),
its variance (V ( , Shanmin-¥iener
function (H (38)), S and Mac Arthur's
equitability coefficient (s ) at Sta. 5.

Months N s < v K B 2.(%)

Jamuary 210 3 0.5 0,03 0.9¢% 2 66.67

Maxrch 2006 12 2,78 034 2,77 9 75.00

April 5,601 9 1,05 0.03 1,711 &4 bh Aok

Yay 265 2 0.29 0,01 0.30 1 50.00

July 195 1 0.26 0,03 0 1 100,00

August 0 0 0 0 0 o 0

September 0 (3] 0 0 0] o o

Osteber 29 < 0.49 0,07 1,00 2 100,00

Noveaber 7 3 0.63 0.06 1% 3 100,00

December 9 5 1,11 0,12 2,26 6 120,00

Table 17 £. At Station 6.

Janary 15 1 0.2 0,03 o 1 100,00

March 3,62 2 0.29 0,006 0,06 1 50,00

April 1,783 8 1,08 0,06 1,86 5 62.50

May 335 5 0.83 0,03 1.% 3 60.00

June 1,064 3 0.38 0.0 O0.29 1 33.33

July 321 5 o084 0,05 1.8 3 60,00

mt 5.“" é 0067 0,01 0,50 2 33.33

Sep tamber 9 3 0.38 0,00 1.% 3 400,00

Octobder 1 o 0 0 0 0 0

November b3 1 0.9 0,01 o 1+ 100,00

r 140 2 0,33 002 0,72 2 400,00

|




At Station 7 (Tadble 17 g), low values of -~ exmeept for
March indicated low species diversity irrespective of very
large mmber of individusls, Few species appeared during the
change over periocd from postacnsoon to premcngoon but dise
appesred vith the sdvance of monseon and postaensoon period
which proved to be most unfaveurable with only 2 species for
benthos, H (5) values were differeat from that of o wvelues
due to leass mmber of individuals, Equitability ocefficient
during the period with high values of o were found to be
nearly 60% on an avereuge i.e. diversity pressnt is appro-
priate to a commmity of only 60% of the species as much as

presant now,

Station 8 (Table 17 b) hed generslly very suall <~ values
due to ccaurrence of a few munber of species dut with large
mumber of individuals, that too only in premonsoon. Parti-
cularly during monsocon and postaonsoon no species was found,
but for a few nuxders in July and September, Appearance of
a fow gpecies in Septemder and which perished with the onset
of post-momsoon season was indicated by high values of ¥ (oC)
in Septsmber, H (S) values, eventhough agreed with the adove
results, vere high. At all nonths, but for May equitability
cosfficient was 100% 1.e, the diversity obtained was the actual
diversity which indicated that the mmber of individuals was
evnly distributed anong the species. This evermess was
strictly due to the lesser mmber of speciea.



e T T T e T T,
ltl (V o%) Shannon~¥iener
(8)), S and Mac Arthurt's
cquihmlty mrncmt 5) at Stn. 7.
Honths N S ¢ V&)  u(g) T Z(%)
Jamery 3,345 & 045 0,09 0,72 2  %0.00
March M2 9 144 0,05 1.72 & bodo  boky
April 1,200 & 0,39 0,02 1,09 3 75.00
May 9% 1 0,26 0,03 0 1 100,00
June 57 2 0,40 0.0 1,00 2 100.00
July %h,5% & 0.38 0,002 0,06 14 25,00
August 3.0‘06 3 0.58 0.01 O.24 1 20,00
Sep tember 97 3 0,38 0,009 0,02 1 35.33
October 9.M 1 0,09 (¢ (¢] 1 400,00
Novenber 2,851 1 0,01 (o] 0 1 100.00
Decembder 1,1 2 0,20 0,09 0.6 2 100,00
Table - 47 h, At Statiom 8.
Jarnary 29 1 0.20 0.02 0 1 100,00
Mareh 656 1 0.12 0,02 O 1 400,00
April 439 2 0.27 0,01 P75 2 100,00
Hay 129 3 0,32 0,01 1.9 & 133.33
JAume 0O O 0 0 0 0 0
July 195 1 0.26 0,03 0 1 400,00
August o O 0 (4] 0 0 0
Sep tamber 85 2 0.37 0,07 0,65 2 100,00
October %5 1 0.2 0.03 0 1+ 100,00
Novesmber 0O O 0 0 4] 0 0
December c o0 0 (¢} o 0 o
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In Station 9 (Tadle 17 1) o values, V (<) and H (8)
values were high during December and Jamuary in postacnsoon
and in July during momsoon. 7The results revealed that the
species at Station 9 wers present only for short perieds in an
year, displaying a clearly multimodel distribution. Eguita-
bility coefficient was more than 50X except for Septsmber
and October indicating a diversity of community having S0%
less aspecies than this community,

Table - 17 4. mo?hnc ofﬁmm((().

mncﬂ H (S ?and Ma Arthn"
be ‘ (q)nincimt (;_) at Stn, 9.

Heuths N 3 < V&g H(S) F (%)
Jaruzary 683 8 1,27 0,06 1.5 5 62.%9
Marech 422 3 Ohh 0,02 0.85 2 66.67
April 962 5 0.69 0,03 1.48 & 80,00
May 3,276 6 0,71 0.08 1,48 b 66.67
June 696 6 0,90 0,06 1,25 3 50,00
July 476 41 2,01 0.%% 2,99 11 100,00
Sep tember 2,02 6 0.7 0,02 0,9 2 33.33
Ootober 2,09 6 0,7 0,02 1.9 2 33.35
November 761 6 0.88 0,04 1.2 3 50,00
Descaber 4,190 9 1,09 1,053 2,00 3 35.55




The pattemn of distridbution of benthic fauna exhibited
considerable variation both qualitatively and quantitatively
at the differeant stations of the study area round the year.,
The eatuary, being a transition area between the more stabdble
marine and fresh water envirocnnents; the snimals inhabiting
this biotope have to be highly accoumodative to cope with the
stress brought about by the wide variations in phyasical and
chemical features of the water colunn and the sediment, On
ranking the 9 relatiwvely important parameters at each station
based on the multiple regression analyais, it was found that,
considerable variations in the relative importance of para-
meters coourred from station to station, Eventhough the
estuarine benthic fama could tolerute wide range of salinity,
it turned ocut to be deciding factor at Stations 2 to 9
exoept Station 5. Role of temperature was insignificant,
wheress, importance of oxygen Dwsvalmsvh-nmudm
inversely propertional. While nitrate was of great impertance
at Stations 1 to 3, rest of the stations indicated only an
aversge nature. But for Station 5, rest of the stations had
light attenmuation ccefficient at the middle level of import-
ance. Role of remaining parameters were of low magnitude.

The study of benthic fauna during the investigation
revealesd a progressive reduction in the mmber of taxa from
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the mouth of the estuary (neer barmouth) to the upstresa
stations up to the discharge sito (Stn. 8)., 0Of the 76 species
reocorded 53 species belonging to different taxa were snooumt-
ered at Station 1. This was reduced to 45, 31, 26, 22, 16,
16, and 6 at Stations 2 to 8, Station 9 (upstreem of the die~
charge sits) recorded a high diversity (22) which ingluded
sainly fresh water forms.

In generel, fauna of a tropical estuary comprises of
zarine, brackish and fresh water species. The bruckish water
fauns must be able to put up with the wide fluctuations in
physical conditions especially salinity caused by the sseasonal
and tidal changes., The population of merine species inhabi-
ting the estuary are by and large restricted to the barmouth

Sanders gt gl.(1965) demonstrated that infsuna species
survived in interstitial water but died in the ebb water flow-
ing over the sediments in the locality where they were collected,
hat is why marine infaunal species occur further up in the
estuary than do marine epifsunal species (Sanders gt gl1.,

1965; Cariker, 1967).

A major behavioural adaptation of estuarine benthic animals
is their widespreod burrging dbehaviour. Reid (1930, 1932),
Sanders gt gl. (1965) and Wolff (1973) recorded more stable
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that in the water flowing over them,

Density of benthic fauna was high during suzuer aonths
except at the barmouth (Stn, 1) and Stations 6 and 7, Meximum
density recarded at Station 1 was 18,62,428/m% in August.
98.7% of this was constituted by the asphipod species,
Coreohive Srisencnyx which can tolerats low salinity. Abunde-
ance of fauna near barmouth region may de attributed to favou-
rable condition for the marine and estuarine 1ife as observed
by Desai and Krishnen Kutty (1967). They recorded a maximm
benthic denaity of 8,157/m2. Polycheetes and bivalves formed
the dominant groups in their study. Kurian (1972) recorded
a benthic population of 35,000/m° in the Cochin backwater.
Anzari (1977) reported a much lower density constituted by
polychests, biwvalves, amphipods and decspods, Desai and
Krishnan Kutty (1967) also noticed a progressive decrease in
the anmual population from the lower part of backwaters towards
the upper reaches. Variations in salinity has been attributed
as a major factor in limiting the distribution of benthic fauna
in ecastal waters (Seshappa, 1953 and Xurisn, 1972). The low
density during monsoons may be due to the fall in salinity.
Devassy and Gopinathan (1970) have noted an increase in benthic
bliomass from marine to fresh water region during msensoon in
Cochin backwaters. large portion of phytoplankton and zoo-
plankton production in estuariss contridute to the productivity
of coastal waters and form a major source of organic matter in
the bottom deposits. This helps to sustain a rich denthic life,



The turbidity of Vembanad lake remain high especially during
monsoon and hance the euphotic zone becomes narrow (Qasim &
Reddy, 1967). Owing to the shallowness of the lske the phyto-
plankton sinks to the euphotic zone quickly and may be availabl
as nain food source for the benthic fauna which are either
filter feoders or detritus feeders. Pillai (1978) observed
the maximum production of benthos in pre and postmonsoon period:
where the primary production is also very high, He also notieec
a direct correlation between the benthic production and erganic
production in the Cochin backwater. Rao (1967) and Kuttiysms
(1971) observed that most of the commereially important speeies
of prewns (Peneeus movedon & P. ipdicus) oonsuse ssphipods,
detapods, polychaetes, small bivalves and isopods,in addition
to organic detritua. They also noticed that macrodbenthos play
an impertant role in the food chain of Cochin estuary. The
sacrobenthos constituted predominantly by polychastes, crusta-
esa and bivalves sppear to form an important component of food
of fishes and prewns in the estuary. The reducotion inthe mmber
of species towards the upstreaa station is a notiesable fsature
here. This is due to the fluctuation in salinity in this
region. The effect of salinity and the saline water intrusion
were notioced up to Statiom 5 which is considered to be the
margin of fresh water zone, In the case of smphipod popula-
tion six apecies were identified, Most of these are eurynalines
species and hence their presence in the upstream. The denthic
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fauna at Stations 6 and 7 showed higher abundance in msonsoon,
constituted meinly by the polychaete Capitells egpitata, mexi-
mum density of the speecies (1,90,533/n2) being recorded in
Septeaber.

Low diversity and higher population levels of a few orga-
nisa denots some major stress condition which eliminate many
species but promotes survival of a few, Contraxry to this,
high diversity and a 1little dominance of speeies characterises
areas of relative environmental stadility. Low diversity and
lower number of benthie fauna at Elcor (Stn, 8) indicate the
prevalence of stress condition. This effect was reduced
slowly towards the downstreaa because of dilution and henee
an increased species diveraity. Canspati and Raman (1973)
and Zingde gt al. (1980a) are of the opinion that though the
effect of the industrial effluents are not apparent in the
beginning, the cumulative effect of continued discharge will
endanger the safety of agqatic 1life and can reach the husman

body through the food chain.

In the present study dbenthic fauna was found to be very
low both in abundance and diversity at Station 8 where indu-
strial effluents are discharged., But it insreased at stations
awvay from this point since the conoentration of the effluents
are gradually diluted and finally nullified. While this is so
at the industrial discharge peint, the faunal composition
exhibdited a differemt picture from the sewage discharge peint



and the retting yard in the Cochin backwaters where Remani

(1979) recorded 45 and 15 species respectively belonging to
different grouwps. The higher abundance of benthic organisms
in these pollutsd enviromments could be due to the organic

enrichnent while the varicus chemical contents of the indu-
strial effluents affect adversely the survival of many bemthic
species. Jayepalan gt gl. (1976) have also reported the dele-
tericus effect of the effluents on the planktom preductivity
in the area, Fish sortality due to high amoenia content was
noted by Umithan gt g). (1977). Serala Devi gt a}. (1979)
had already noticed the absence of benthic fauna in this

effinent discharge point. To, sum up, it can be stated that
the low density and diversity of benthic fauna at the effluent
discharge point may be due to the caumulative toxic effeets.

The composition of the sediment is of vital importance
to the biota of an estuary. The mpply and source of these
materials and sites of depoaition depend upon the estuarine
type, wave action and tidal regime., The nature and rate of
sediments deposited affects the density and nature of biota in
the area. Increase in sedimimés resulting from ccestal stru-
cture and wvarious industrial effluents may drastiecally alter
the mmbder and type of speeies dwelling in the regien,



It has besn well docunented that qualitative and quanti-
tative distribution of benthic fauna has a direct relation-
ship with the type of the bottom and the physical nature of
the subatratun act as a limiting factor to a great extant
Senders, 1958). Bloom ot gl. (1972) and Brodovsky (1964,
1965) stated that sediments are not only the substrate in
which benthic organisms exist but also the main source of food
for many of them. The presence of high concentration of phos-
phate in fine grained substratum has been rep seversl
workers (Jitts, 19%9, Balasubremanian, 1961, Anzari and Reja-
gopal, 1974; Mortimer, 1941 and Rochford, 1951). The impert-
ance of mud nutrients especially phosphats content which has
a strong bearing on the organic preduction of water abowve
has been shown by Mortimer (1941) and Rochford (1951). Murthy
and Veerayya (1972) and Bhoale gt gl. (1985) pointed cut that
apart from hydrographic changes, materisls brought in, drained
by river discharge plays an important role in the cycle of
organic matter, in the sediments of Cochin backwaters, HNair
4% al. (1994) stated that variocus physiogrephic features of
the estuary are believed to play a role in the distribution and
deposition of the sediment particles in the ded of Ashtamudi
estuary,

Newsll (1965) found that population densities, ssdiment
grein aize and organic carbom concentreation were atrongly inter-
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related, The highest density of deposit feeders occurred in
areas with fine grained sediments smd high levels of organic
carbon. Similar chservation was reportsd by Longbottem

(1970). Soft Bottom merine cemsunities are dominated in

terms of numbers and biomass by polychaetes, bivalves and

ssphipods (Sanders, 1956, Sanders & Hessler, 1969).

In the present study, Stations 1 and 2 where the bdottem
was silty clay with higher organic content also suypperted a
large abundance of bottem fauna, However regression analysis
showed different species deing present at the 2 stations with
reference to ths most abundant, lsast consistent and compare-
tively homogensous species. Similarly the group of oo-
existing species tolersnt to the common physical enviromment
at each station, were different. Though the bottom texture
at Stations 7 and 8 was clayey silt, the population at Station
8, where the effluent is discharged, had a low benthic 14fe
while Station 7 showed & very high biomass which was mainly
constituted by polychastes which were tolerant of such an
enviremment. Vhile Depdrenereis agstiaring formed the leest
conaistent and the most abundant species at Station 8, Cepl-
Sella empitata and Dendrensrsis ssatuarine formed the most
abundant and least conaistent species respectively at Station
7. The sandy bottom at Stations &, 5 and 6 supported & high
bivalve population, meinly of Yillorite cyprinoides. while
formed the adundant species at Statiom 4. But Dendronereis
asgtuering fermed the most abundant and the lsast consistent
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species at Statioms 5 and 6 respectively. Also the homo-
gensous species at these 3 stations were different,

Seventy six different spesies of benthos have been
identified from the study ares., The mmber of individuals
of each species rangsd from 14 to 18,00,777 per station, The
average number of individuals per station for the shundant
species was about 4,563,000 per station, while the memthly
aversge mmber of individuals per statica varied between 128
and 1,92,126, Thus over 2,47 million individuals were used
to prove or disprove variability and even existence of real
estuarine benthic communities.

The results are first discussed in a nmore or less classi-
cal sense and then they were svaluated statistically. The
distridution of the organisns within an estuery in tine and
space is the product of the physical, chemical and biological
gradients on the genotype, physiologiocal tolerance and beha-
vicu® of the total mmber of speties available from all sources
(Carriker, 1967). One of the most impertant factors modi-
Lying the estuarine enviromment leading to sscondary sucee-
ssion in the estuarine communities is pollutiom,

¥Wide distribution of some euryhaline species as the
smphipod species Copgpbiug Sriasncnyy.Suadrivislo bensalansls.
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Srepdidisrella £ilesl, and the mellusc speeies Pendare
£lsxogs etc. lead to a remarkable correspondence between the
fauna of different habitats in the seme malinity zone as noted
by Paull Bagge (1969). Also faunal composition varied
station to station, the dominant species in polluted stations
being different from other statioms.

Paull Bagge (1969) analysing the effects of pellutiom
on estuarine scozsystem found a major rele for oxygsn and
salinity in deciding the composition of benthic famuna. In
areas of low oxygen content inthe bottom while he noted demi-
nance of oligochates and chironomids in the oligo and meso-
haline zones, these were replased by the capitellids and
spionids in the more saline enviromments. Vherever the oxygen
content near the bottom is low there is g tendency for limi-
vorous (Non-selective deposit feeder) species or some selective
depogit feeders to dominate the type species groups.

Nair et 8).(1984) analysing the ecology and distrie
bution of banthic mescrolimme in the Ashtamudi estuary observed
their maximum ocourrence in station close to the see and mini-
mm at stations polluted by effluents from Punalur Psper Mills
in the lower reashes of the river,

Industrial waste accumuilation decreased macrofaumal
abhundange during preaonsocn and postaonsoon associated with
low dissolved oxygen and high mitrient wvalues. Increase in
biomass and population count associated with better water
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quality during mensoon support the above, Very low benthic
production were noted in polluted waters,

Nirmala 9t gl. (1976) observing on the pollution of
Chaliyar river by the effluent of Gwaliyor Rayon Factory
found the pollution caused by the effluents adverssly affected
not only the fish but also the whole fauna of the river.

They feund the high percentage of acidity or alkalinity, the
high concentration of reducing sugars in the effluent and
presence of carbonates, bicarbonates and chlorides in water
highly fatal to fish,

Kair gt al. (1964)mede quantitative studies on the
distribution of the different groups of benthiec fauna in the
Ashtamudi estuary of Kerala. They found the banthic fauna
comprised of elaven taxa nanely Nemertenia, Grastrotricha,
Oligochaeta, Polyshasta, Amphipoda, Isopoda, Tansideces,
Insect larva, Sipunculoida, Gastropoda and Bivalve compared
to 31 groups in the present area (Table 16). However Gastro-
trichs, nenertines and oligochasts were not recoxded in the
study area, As noted by Nair g% 9]. (1984) and Remani (1979)
the fauna of the polluted Station 8 and edjacent Station 7
was feund quantitatively extremely poor (excepting Capitella
sspitata).

As was the case with Ashtemudi estuary polychaetes were
present ih all stations and the highest mumerical abundance of
benthos was observed at Station 1, near barmouth and the lowest
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at Station 8 located in the effluent diascharge ares. The
highly favourable hydrographic cenditions and the bhigh rates
of primery production may be thHe main factor for the higher
sbundance at Station 1 (Nair ¢t gl., 1983).

Many of the polychaete species reported from the present
study area have been reported earlier by Divakaran gt al.
(1981) from Neenilokara; Murugan gt ). (1960) from Veli lake
and Neir gt al. (1984 from Ashtamudi estuary. As in the pre-
sent study, polychasts formed the largest group, of dbenthic
organism at Shertallai beach (Trevallion gt gl., 1970), in the
mud banks of Kerela (Damodarsn, 1973) and in the Vellar
estuary (AJmal Xhan gt a)., 1975).

The richest asmphipod population in terms of incidence,
mmber and speties was found at Station 1 and the poorest in
Stations 6 and 7 with total absence in Stations 8 and 9,

The abssnce of isopods and tamaidaceans, in estuarine
areas are attributed to the highly unstabdle charasteristics
of the bottom sedinents prevailed in the area,

Melluscan population in the study area was mostly contri-
buted by the pollution tolerant species Pendors flgxogy and
the extensively exploited species Villorita cYprincides ocour-
ring in salinities renging widely,

Migration of estuarine benthic animals seems to be fairly
common mainly relying more or less passive transport by tidal
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currents as noted for mnails (Newell, 1968) and for
Arenjeoly species (Wolff and Dewolf, 1977). Migration into
and cut of the estuary also oocur among benthic animals as
crabs, and larvae of oysters and barmicles migrate for repro-
ductive or nursery functions, Since exploitation of benthiec
animals is done only during favourable periods, these snimals
are often charseterised with scological adaptations achiewved
by migration as seen among W.

Another opportunistic method of expleitation is found
among polychastes and molluscs, which rapidly celonise an
area Fepidly with their pelagic larvae, during fawourable
periods, reproduce quickly and thus are able to build up large
populations, VWVhen the circumstances become less faveursble
thess species disappear rapidly %y owing to mortality.
Speeies showing this kind of behaviour are the pelychastes,
Sapitella ospitata, Pelvdors ligni. Streblospio bensdictl and
melluscs Mytilus edulis ete. (Wolff gt al., 1977, Grassle and
Grassle, 1974).

There are no consistant relationship noticed in the
seasomal variation of crustaceans at diiferent stations,

Ratohy _distritution:

FPatehy ocoaurrence of 6 species were recorded in the study
area., Of these Capitella sspitata were found in Statioms 6,
7and 9. The sediment texture at Stations 6 and 7 was compos
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of black clayey silt and at Station 9 it was reddish brown
and sandy nature. This indicated their preference to black
clayey silt sediment. But at Station 8 with similar sediment
did not have even a single individual of Capitells espiteta,
probably an attempt to avoid the higher concentration of toxic
effluents, However, majority of the polychaetes collected frem
Station 8 belonged to a spevies Depdronereis which was able to
tolerate the toxiec conditions compared to Capitella espitata.

Organic matter at Stations 6 and 7 varied from 11.6 to
32.2 mg/l. However at Station 8 where C. ggpitats wvas adbsent
low organic low orgsnic matter of 2,8 to 25.6 mg/) was recerded,

The one advantage of this estuary to the benthos is the
shallow depth by which suspended food particles sre readily
available for them through sinking as well as the rough dowward
transport by turbulent water movements as noted by Wolff gf al.
(1976).

Eventhough the estuarine envirament means the environ-
aant of the tidal mouth of a river, seny benthic animsls congl~
dered to be estuarine in a geomorphological sense as the seme
species may ocoour in meny other ocastal areas, mudby
environmental instadbility and an ample smipply of €Sood as showm
by Remane (1958, 1971) and Muus (1967).

As ths enviromental factors indieated entirely differeat
chemical and physical comditions, existing from Station to

Station and momth to meonth, consequently it might be expected
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that the faunz also would change asross similar distancesand
tines,

For most of the major taxa repressnted in the study ares,
the patchiness of species population and complete change
over in the commamity composition over similar distances and
tine hold true.

h.3. Zndlsater spegiess

¥ilhelmi (1916) was the first to suggest the use of
sarine igvertebrate animals or populations as indicators of
pollution. Subsequently usefulness of benthic organisms as
indicators of pollution has been well recognised in both fresk
and marine environnent (Blegved, 1932; Geuffin and Tarzwell,
1952; Reish, 1957; liynes, 1966; Pauli Baggae, 1969; Henrick-
son, 1969; Butler g% al., 1972; Arlet, 1975 and Anger, 1975).

By ocontrast to mofitoring organisms, indicator organiasms
are used primarily to identify rather than to measure environ
nental changes, whose oause may be unknown, or which may be ¢
result of & varying mixture of pollutants, for exsmple, indu-
strial effluents. Also indicator organisms may be useful in
identifying persistant physical changes as well as chemical
chenges in the enviromment (Butler gt gl., 1972). Tolerent
spetéies of umisually high population densities may direct
attantion to pollution, On the other hand, sensitive indi-
cator species indicats pollution by their absence. In a pol
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ted envirenment, the pollutants sliminate the more sensitive
organisas from the more tolerant sucosasful species which may
dominate the commumity. Howewer, Reish (1959) noted fatal
effect of accumulated pollutants on the tolsrant species,
leaving a highly polluted zone totally deveid of mssrofauna.
Thus the density of tolerant species may belp in evaluating the
effect and the extent of pollution,

Further, sucoess of presence of an estuarine benthie
organism depends on its phyaielogical adaptations in regulating
the osmotic and fonic composition of the dody fluids and in
the maintenance of life under reduced oxygen comtant (Brufield,
1972 and Beaden, 1975 & 1977), Vhereas in areas of industrial
pollution, toxic effect of pollutants was & mejor factor.

Based on chenges brought about by pollution, benthic
organisns can be grouped undsyr three categories, namely, these
which tolerate pollution, thoss which are indifferent to pollw
tion and thess vhich avoeid pollution,

During the present investigation, Parshetarsmeatis Senuls
2 linivorous polycheaets species (Capitellides) was recerded
from all Stations exsept one (Stn, 6)., However, exoept
at Stations 4 and 9 which had 9.7 and 3.1 percent of total
benthos respectively, reat of the stations had low denaities.
Substratum at Stations 4 and 9 was sandy. But Remani (1979)
cbasrved in the retting grounds of Cochin dackwaters, where

soft sulphide clay prevailed, ocecurrence of P. $apuig in very
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high densities as they favoured feeding on the comsiderable
quantity of decaying detritus and bacteria resulting from the
retting of coconut husks. Pauli Bagge (1969) too had ebserved
high mmber of limivorous species in the bottom sediments
Wﬁupolluﬂm.

Similarly a spionid wers, Frionompio pelvirsnohiata o
sslective deposit feeder, was recorded only in low densities
0.02 te 8.3% of denthic fmuna) in Stations 2 to 7, indieating
their ability to ccour in areas of industrial pollution., But
Remani (1979) proposed this species as an indicator erganimm,
owing to its abundance among the benthos in the retting

grounds (uo to 80%),

Az noted above, gseturrence of differemt indicator organis
in different localities with similar pollution effects, indi-
cate influence of variocus abiotic factors in determining the
indicators and the characteristic assemblages in each area.
The type of food and nature of sediment may also govern the
selection of species to a particular pollution stress.

During the present study in the areas of industrial
pollution, the benthic fauns were dominated by two polychasts
species namely (1) Cepitells eapitata representing 5.2 and
$58.8 percent of the population at Stations 6 and 7 respectiw

and (2) Dendrongreis sestuarine comprising 36, 29.7 and
57.5 percent of the population at Stations 5, 6 and 8 res-

pectively. Of the above 2 species, Capitslla capitats is
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found to be an indicator species of industrial pollution

as proposed by earlier workers like Geufin & Tarazwell (1952),
Reish (1959), Wass (1967), Ganepati & Raman (1973), Genapati
(1976). I% was totally absent in Station 8 and in Station
9 it constituted only 6.6 % of the fauna. Its total absence
and the very low population density at Station 8 can be
attributed to the toxic effect of the pollutants in the
effluents.

vass (1967) indicated that among higher metazoens,
certain aspects of polychaetes belonging to the family
Capitellidae and Spionidae appesar to replace the fresh water
Tubificidse in the polluted marine wators. UJanepati (1976)
bas reported large abundance of Cspitells sapitata in the
industrially and domestically polluted waters of Visakhe-
patnam harbour, This species was recorded for the first
tize in the tropical waters of the Indian Ocean. This has
been suggested as an indicator species of pollution by several
workers from cold and temperate waters. Gsufn and Tazzwell
(1952) considered higher mmerical density, exclusiom of
other species in the enviroment, scavenger feeding hadit
and tolerance to low dissolved oxygen and some other ada~
ptations to circumnvent this as factors indicating pollution,
In Los Angles harbour Reish (1959) found largs mmber of
capitellid polychaete in polluted waters of high organic
content, He stated that C. ggpitaty ocours in the vieinity



of domestic ocutfalls in most parts of the world. Capitellids
have been reported to be the dominant benthic fmuna in the
polluted waters of Japenese estuaries. The other polychaets
species, D. asstiering which was pressnt at all stations can
be considered as a pollution resistant species because of
thedr high densities at Stations 5, 6 and 8,

Similarly the other 5 species recorded from Station 8
ean be oonsidered tolerant ones, eventhough they ware seen
in very low mmbers. They are Lycestis indice, Parshetero-
Eastug tgouls, Inlchsepin apnendslel, ehironcmid larves, and
& molluscen specics Pendorg flexpgea. 7The suspension feeder
P+ Ziexogy common in waters of rich suspended load, was found
to occur in Stations 1 to 8., Their fluctuations can de
attributed to the saline conditions., This species has
planktonic larvae susceptible to normal changss in the hydro-
grephic features. Chironomid larvas coomonly oecur in
polluted waters rich in erganic matter and ammenia (Hynes,
1966) .
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This thesis embodies the results of the studies

-omn the effect of industrial pollution on the dbenthic

cemmnities of a tropical estuary, carried out during
1561, at 9 stations along a stretch of 21 km in the Coshin
(upstream of the industrial complex).

The introductory chapter covers a brief acocopmt on
the studies on estuaries in India with special reference
to the Cochin backwaters with an account on the scope and
purpose of the study.

The second chapter deals with the materials used and
the methodology employed.

Chapter 3 presenting the results of the analysis
sonsists of 3 sections namely (a/ physico-chemical
investigations, (b) biological investigations and (¢)
statistical inferences.

Physico=chemical aspects deal with the spatial and
temporel variations of the 16 environmental parameters
studied viz. mlinity, temperature, dissolved oxygen,
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B(D,. COD, alkalinity, pHi, ammonia, phosphate, nitrite,
nitrate, suspended solids, particulate organi¢ carbon,
sttenmuation coefficient ("K* fasctor), sediment nature

and organic carbon. Estimations were made for the surface
water, bottom water and grad water.

Biological investigations are centered around 2,47
nillion specimens belonging to 8 faunal groups consisting
of 76 specics of benthos. The mmber of species were
naximm at Station 1, gradually reducing to the minimum
at Station 8 and with an increase at Station 9. Species~
wise tamporal and spatial distribution is also given in
detail. Patchy ocourrence of species was recorded in the
study area.

Cluster analysis showed highest mmber of 'spocicﬁ
clusters with maximum affinity at 5% level in Stations 1
and 2, gradually reducing to Station 8 and with an incresase
in Station 9.

The 9 relatively important paraneters, Wased on multi-
pPle regression analysis, were ranked in the order of their
significance at all the 9 stations., As these parameters
alome ococuld not predict the abundance of benthos, the
interaction effects of parameter clusters, which might be
able to predict the abundance of benthos at each station,
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were located. In generel tie order of importance reduced
from salinity, temperature, dissolved oxygen, nons. nitrate
and *X' factor. Resaining parsasters were of low signi-
ficanve.

B Chapter & deals with the discussion under 3 sections
nenely the effect of pollutants on the physico-chemical
preperties of wster, the distribution of denthos imeluding
the impact of envirunmental pareaseters and a narration on
indicator speciea.

10. Meamurements of 12 parameters made at distances 10 »
sway dommstress from the discharge points showed considerable
fall in values for all effluent characteristics.

1. The results of studies on the watsr charssteristiocs of
the study area indieated contimicous change as a resualt of
large scale movements of the estuarine water under the influ-
ence of tidal forces, monsoon and land runoff coupled with
its heterogenecus nature owing to the efiluent discharges
from the industries,

12. Investigations on the water quality in the study area
revealed water in floods characterised by low temperature,
high oxygen and low salinity during the momsoon and intrusion
of saline water upastream due to reduced flow of river water



charecterised by high temperature, low oxygem and high
salinity during the suamer. C(hloride values in the
effluents discharged by the factories, which may decompose
and produce free chlorine or hydreochloric acid which is
extremely toxic to fish, ranged between 125 to 3,470 ppa

in Fedsuary, 75 to 6,990 ppa in April, 100 to 2,060 ppm

in June and 50 to 920 ppm in August. Selinity values
indicated a distinct spatial and temporal patterm as
follows: As in the case with most of the estuaries, sali~
nity in the study ares was the major variable estadlish-
ing s comtimious gradient of 0.2 = 30.4%, between the sea
and fresh river water which moved up and dowm the estuary
influenced by mensoons., Along with stratification(caused
by differemces in the mature, bottom topogrsphy and depth
of the estuary) notioced during July to September in Station
1 and January in Stations 2 and 3, salinity values reduced
towards Station 9., Seasonal variations revealed, with
the exception of March and April, prevalance of almost fresh
water from Station 5 omards during Noveaber to Jamary and
in May and from Station 2 onwards during June to October,

13. Changes in temperature in the study ares were drought
about by the sessonal as well as diurmal changss in the
texperature of the air, river, ses and effluent waters,
The ares being shallow (2,5 to & m), resulting in the well
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mixing of the water colummn, the changes were relatively
fast and the amplitudes of the extremes were found
smaller especially in the areas of effluent discharges

eventhough the tsmperature of the efflusnts discharged
from different factories varied between 25,3°C to 45.0°C.

The diassolved oxygen content chiefly ocontrolled by
tidal ingress and fresh water run-off and being an
inevitable factor for survival of aquatic benthis fauna
varied from nil values to 5.96 ml/l. Oxygsn contant of
vater 10 m smay domstrean from the discharge points also
recorded nil %o high valuss, In spite of discharge of
large amounts of effluents anoxic conditions never pre-
vailed, Ewven the bottom water layers recording high
oxygen eontsunts, the water mass of the study area was not
affected much by the effluents dischariged by the fastories.

BOD dependent on the amount of suspended/dissolved
organic matter is very important in the assessaent of
pollution in an enviromment as it is inversely propor-
tiomal to the oxygen comtent of the water. In the present
study, in the areas of industrial dischargs the maximum
BODg recorded was 570 mg/1 for grad water, 12.2 for the
surface wvater and 8,9 for the bottom water, while the
values for the efflusnts from the 8 factories ranged from
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negligible to 18.3 mg/l. In view of the high BOD,
recorded in the greb water and very low values in the

nuredmltmammtmsmm-ymt

be a factor contributed by industrial efflments, It

can be dus te the relative toxic effeets of the pollutants
on the bacterisl flora.

COD walues were negligible in 50% of the odbservations
and when recerded the values were very low exeept in 16
1sclated observations where it renged from 107 to 1,669.
The hazardous role indicated by COD values required fur-
ther confirmation.

Carbonate alkalinity measurements indicated the
industrial effluents exerting a positive toxic influence
on the receiving water eventhough alkalinity indicated
considerable spatisl variations compared to low temparal
variations,.

Comparative atudies on plii values from the water celumn
(surface and bottom) end grad water indiwated always a high
pH for grad water which can be well tolerated by the benthi
fauna, pH never rose to a higher level which in ocembi-
mﬂmuﬂxmmmzmmtmbomtomuc
benthic life. This clearly ruled out any toxic effeet, ot
benthos, of acids and alkalies thrown out from the
fastories of this area. Thus the role of pH as one of th
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factors governing the reduction of macrobenthos may be
mostly a local affair, noticeable at the time of reduced
vatsr flow,

The levels of ammonia increascd towards upstrean
stations with low values in 8tations 1 to & and 9 and
mm(wrgnﬂ)ms&um:ﬂo& Temporal
variations were highly irregular depending on discharge
and flow rate. The toxic effeot of aamonia was reduoed
by the low pH values in the water column,

The concentration of inorganic phosphate ia general
at the effluent discharge sites were not that high so as
to indicate pollution by sutrophieation. The fluctuations
notsd may be the after effeet of intemaittent discharges
of effluents, also regulated by the intensity of monsoomal
flow., The low values in the sediments reduced the chances
of phosphate contents controlling the benthic fauma.

Nitrite content in the effluent discharge area was
of the low order varying from 0.8 t02.67fant/1 indi-
cating insignificant influence of nitrite on banthoa,

Nitrate, an important fastor in controlling the ferti.
1ity of water naases, indieatsd irregular pattem of spati
and temporal variations.
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The suspended load, subjected to naturel puri-
fication processes varied consideradly frem 3 to 256.7
ng/l1 both in time and space, leading to relatively turbid
water. Eventhough, values for effluents discharged
from faotories went up from 8 to 17,333 ag/l at times,
it does not appear to affect the benthic fauna adversely,

Particulate organic matter forming the food of
organisms varied in contents from 0.3 to 15.81 mg/l.

Attenmuation cosefficient, known as "X* walues,
correlated with turbidity and intenaity of solar rediation,
recoyrded values ramging from 5 to 15.

Temporal and spatial variations in sediment, ecolour
(rediish drown, light grey, black ete.) and taxture
(combinations of sand ailt and sley) were anslysed as
they indicated quality of water owerlying it. Also,
organic carbon content which varied between 1,19 and
46.9 ng/g affected considersdly the pH of the sediment
depending on its texture, high organic content being
associated with high percentage of olay.

Temporal and spatial variations in mecrofsumnal
biomass at the 9 stations were vide and consideradle,
indicating 4 types of distribution of bicmass - Stations
1 and & with peak biomass veluss of above 176.5 g/m’



and Stations 3 and 7 with moderate biocmass values of
34,43 to 62.4 g/m°, Stations 2, S5, 6 and 9 with low
blomass values of 8.98 to 15.69 g/m° and Station 8 with
the lowest bicmass value of 0.42 g/n®.

The populatiey density fluctuating between 128/a?
at Station 8 and 1,92,126/a% at Station 1 showed 3 rangss -
Station 1 with high density of areund 1,92,000/m2, Stations
2, 3, & and 7 with lower densities of arcund 4,000 to
20,000/n° and Stations 5, 6, 8 and 9 with the lowest
densities of arcund 1,000/w2,

Seascnal averages in the biocmass values and population
densities showed comsiderable variations froz station to
station - high biomaass wvalues being recorded during pre-
monsoon at Stations 3 and 4, during monsocn at Stations 1,
4 and 7 and during postmonsoon at Stations 1 and 2, While
lowest values prevailed at Station 8 throughout the year,
Station 9 recorded low values in all the seasons.

Polychastes and molluscs were found to be the major
groups among the benthos and were present in all the stations
Spatial variations in faunal demsity did not show any de-
finito pattern with variations in enviromental paremeters,
But temporal variations clearly indieated faunal suecess-
ion at all stations,
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The fact that even indicator species were not
pressnt in polluted stations during all the months clearly
indicated that the presence or absence benthic organims
depended, in addition to pollution effeot, on a mmber
of other envirommentsl agpects.

Faunal diversity indicated a reduction from 16
groups at Stations 1 and 2 to 3 groups at Station 8,

Species ocourrence and their dominance as percentage
of total denthos exhibited considerable spatial and temporal
variations irrespective of fluctuations in envirommental
parsmeters,

Distribution of species was explained using index
of diversity (Fisher's Diversity index . and its
varience V () and Shemmon-Wiener diversity function
H (S) and Mac Arthur's coefficient of equitability
as is the case with other eanvirommental parameters.

Studies on the impast of enviromnental parameters
on the distribution of macrobenthos revealed the guantum
of endurance warranted by the infauna living within the
sedinent to tide over the vide range of emvirommental stress.

Low diversity and lower mmber of benthic fauna at
Station 8 may be due to the stress caused by the caamulative
toxic effects of efflusnts,
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The qualitative and quantitative diatribution of
benthic fauns was found to have a direct relationship
with ths type of the bottom and its physical mature,

An attempt was made to identify indiocator species
in the study area. Parsbetsropastus temuis s limi-
vorous polychaete species (Capitellidae), very common
retting yards, wvas recorded from all stations exoept
Station 6,

The spironid worm Prionosole Relybranchista e
sslective deposit feeder, recognized as an indicator of

retting and pollution was recorded only in low densities
at Stations 2 to 7 indicating thedr ability to oocur in
areas of industrial pollution also. Cepjtells espitata
an indicater species of pollution constituting 96.8% of
the benthic population at Station 7 was proposed as an
indicator of industrial pollution too. Dendyonereis
aestuaring present in all stations and at high densities
at Stations 5, 6 and 8 can de rsnked as a pellution
resistant specics.

Other 5 spevies nemely Lycastis indica, Parshetere-
pooten Sempis, Inlchsmin gpmsndaled, cbirencuid losves and
Pendore flexogg present at Station 8, evemthough in very
low mmbers cam be considered as pollution tolsrent speeiss.
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