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ie DITRODUCTION,

Estaarieos ame ispertant avess of human wee fow
fisharies, twenspertation, feod preductisn and
sesreatiensl pursuits, They ferm the sarsery grounds
for the lazves and young ones of sumesous marine
spesies, sany of them commercially impestant, lHowever,
often they ave turmed into secaptacies of hvumn westes
and subject to pollution from industwial effluvents,

Estuaries aze highly produstive areas and comtridute
subetmtially t» the predustivity of Whw coastal vetars,
with the Gepliesting merine £00d seseuress and Sncretsing
population, e fecus has nov shifted %o aguacultere,
Estusrtes hossuse of their sseeseidility and semi ensliesed
aatutey have enasged as ideal siwes for Yheee astivities,

Vapicus hinds of estuwarise from ssastal plaia
ortuaine ¢ stesp sifed fionds enieg, all wvith O»
ocomn Seatne of baing areas vhase fyesh weler atet
with sea vater, $hae forming bufter sones hetwesa the
marine and limnetis sstntesparts, The meet glaring
enwvizonmental festuse of the estuaries is the wide
sature of flwotustions that soour in them, Undes-
standably, sstuagies have davaleped its owm fliore
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end foune which are capabls of withstanding o
afepting ¢t these ehanges, A eurscsy look ot any
estuarine biods will show predeninantly estuarine
Sorms, minmed vith sems stragulers frem the adjoining
mzrine and fresh wveter savizcamsats,

A preper undesstanding of e cawiscymeial
pazcnstirs and Yhelr offecte en the bista i & must in
e maageuent of any ecesyeton, Sesplankton femm &
vital iisk in the trophis chain of any equatic esesystanm,
Their grodustion and shundense cen de divrestly linked
vith the pedential of an aves hoth for captuse and
oulture fisheries, Aparts from thiz, their composition
and distridution provides interesting insights inte sy
soslogisnl eonnepte 1ike commmity stsucture, speeiss
dtvessity, spesies cosnistenee and evelutica, I e
ensuing astount it will be shoim thet the estuarine
seoplenkton have its own distinetive sssunbiages o
diftepent fyom the adjsiaing marine or fresh wetes
envircnmnts « ahle W withatend the peculiaritiss nsture
has inposed on them,

(Pige 2)s Aleng V2w cast coast aze Uw Noogly, Mehenadi,
Goduverri, Xrishns aad Cauvery, On the west osnet w
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have the Nammada and Tapti of the Gujaret and Mendovie
Seari estuaries of Goa. The Pulisat and Chilka lakes
of the east osest and the Venbanad lake of the west
coast form large Dodies of Bragkish weter, Aparts from
these, many medium and minor rivers (about 100) alse
contridute to the estuarine wealth of Imdia, The
rivers together have & catshment ares of more than

3 million 8q. dm and & rumoff of 1,600 million cu, m
(xhosls, 1981y Ree, 1973). The otal rumeff of the
major rivering systans of the esst and west esasts of
India is given in Teble 1. Of this, the dissharge from
the rivers of the Kerala eoest is estimeted st 2.36 x 10%
million eu. £t/ysar (Kazrumakaran, 1981),

The Stats of Eeresla has many estuarine systems,
the hydrobiology of whish are grestly influensed by the
monsooms. Of the trepical memsccnal estuaries of
Kerala, the Cochin heshweters have ressived most of the
sttantion of the scientific sommunity. The present
work on seeplankton of Dragkish water envirems of Coehin
was made more hevad-bdased as data from seven other
sstusries lossted aleng a 3500 Jm streteh of the ecast
aleo eame on hand., Thus this is the first sttempt of
fts kind vo stuly and compare the sstuarine scoplaakton
of a soast receiving the full impect of both the momsoons.
However, in oarzying out sampling progrsame covering
such a vide ares several logistic prebless arvee and the
odsexvations had to De limited to one station eash near
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the mowih 4a the estwaries, extept Coshin hashwnbers.

In the Sollowing astount, the distrilutien and elbee
aspents of seepleakten from Coshin bastwatess will be
uwned o e syring hoerd o ovelunte W sistlarities and
variations in the ettlegy of sstuarine seaplankten in Ve
other avees of swady. '

3.3, Bafinitiens sod sisssificstione of ashaciss.

Varieus definitiens have bees Jut fervesd by
differsnt mthers for estusries. etehwm (1983)
dafinsd am estiazy “as & Body of watar in vhish Whe ziver
veter mines wvith and sssgurably 4Llwbes sea webtex”,
Bary and Sesvensen (1957) desapided it as the meuth of
G river o an arm of the sea vhese the tidas sset Ww
siver carzents, They differenticted Wwe Wypee hesed em
salinity and tidal ehavestaristies,

e ‘Nesmnl' tyye viuze dus %o river disshurge
salinittes are seduced 40 cne geee WpHtream,

2. ‘Hypersalise’ or negetive estuany whaee
enthangs 18 poor and salintities ase mmeh
hghar Vhan aaighbeuring sea, Vazisus
lassifisstions ave alse put feswvard by
Day (1951) and Reehienrd (1981),
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withaed (19834) dafined cstuary as & sani-ensissed
csastal body of water having & fres csantetien with the
ops soe and owmtaining & seasureble quantity of ses salt,
i sluwssified the estuasies in Saans of fresh water
infilev end svageration inte (1) ‘Fesitive’ estuariss,
wure thaze 4is a ssssusehie dllution of sta Water by ifand
drainage, (2) ‘Iaverse’ estuarise where evepsrstion
ensends precipitation and (3) ‘Newtral’ cstusries wheve
asither fresh weter inflew ner eveperstion dominates,
But Pritehasd latar (1967) medified his oxiginal dafiai-
tion for estwaries o “s seniensloesd ssestal bolly of
wvater which has & freos connedtion with the epen soe and
within which ses weter is msspwrebly diluted wvith fyesh
water darived from land dreimage”, le prefars %
resssve e Serm ‘estusey’ witheut any quelifying
odjostive te these hodiss whidh he previeuwsly ealled
‘sesitive estuarios', This Lo pwebebly the most Feoent

A cdesnifisation based on Sepegreghy hae hesn
presenind by Fricehapd (1988b), e divides the
estuariss into feur groups: Drewmed river vallays e
ssastal plain estuasise, fjowde, bar Muilt estumaries
and estuaries prodioed hy testenic proseseee.
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L Prewmed river velleays or ceastal piada estmeies
e thuse wiich have besa feawmed by deowning of ey
sivar vallays oither frem & subnidense of jend or frem
a wise 4in oee Jovel, Thay ase wmally an alengated
intonhme of e Gsastling with Whe siver flewing inte
the upper end,

S  7iends are gemerully ‘U° shaped in eresse
ssctien meot of them heving & river entering ot the
hoad and aniribiting estuarine Soatures in e wpes
iayers,

t I Sar tuilt estuarics yosult frem the dovelepmant
of an offshene hag on he shoguiine and hawe & Felatively
omall shanmal sonnseting the erbuery with Yhe eteen,
They wre shalliew within, and sun pesallsl €0 the Seust~
1ine with freguently mage thak-ent river entaring the
estualy.

L S Constel indantunes fovsad by Wotenic prosesses
140 faulting or 1eooel subsidencs having an enoese
supply of faesh veter ferm ancther group.

™he eriginal dafiaition of Mritshesd is Surther
sefiand by Caspans (1067) whe feslis that 4% wuld inolunde
both cotuanies and lageens, lHe diffesuntistes legesns
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as thoss awing a stable dody of Mreghtish wetsr vhareed
in sotmarise the sining of fresh and merine watass 4»

2ok stabie ut shews pariedis shangee,

1.2, Meximcal the saxdisc esha.

Considageble amownt of werk on the physiesl,
shanienl, Mislegisal and ether related aspeots of vagieus
ostuaries hive cums out in the 1aet 30 yours, Thame
studieos have esntridened %0 & better undasstending of he
physionl end hislegienl Jressesss taking plase in Whe
eotnarine aystams,

Sarlier Sepests on Sotuaries ineluds stuiies en Whe
South Afriesn estuagies by Duy (1953, 3967); Day g3 a)s
(1993, 1984, 1958)) Austyelisn eotuaries hy Reshfend
(3991) and Chesapesk Bay by Nritenasd (3983, by 1984,
1956). Comtwidutions on estuarine hydvegraghy, ol
culetion, fuma and Vheir eoslogy hove cone frem Dowien
(1960, 1963)7 Ry nd Shavemsen (1987), Nedgepeth
(19857), Jatiwies (19822, b, @ &), Mescham (3981, 1984)
ot ol (1973). A tweaties on vericws sspests of
estuarine seseasel end managuaent by cutstanding sstbees
is pressnted in “Estuerics” (Lantf, 1967),
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Plonsering studiss en the estwaries in Indla dete
bagk 9 the Mejpioming of this ertury, The fama of
the Genges delta was desarided by Annandale (1907),
Aoock (1913) and Xenp (3917). Enssilent studies en
systemticos and tamcnony have owme fyom the Chilke Ieade
("mandale and Xempy 39135 Sevmll, 1934), Some intee
resting woek was carried out on Whe beuchkish weter fause
of 'adras apes by Penies end Adyar (1937) and PeaiXher
(1931) reviownd the phyeicliopionl adapbetions of animals,
Godeveri estuary has bosn stufied in dotall in 1964
(3CAR Repart) by Chandrs Mohan (1943) and Chandea Yohen
end Rae (1973), Vellar sstmasy of Fowto Novo has besn
stedied by Seshatiys (1990); Rumngarejen (1939)) Wristes
Mecrtty (1961), Rammmocsthy g3 Al. (1963), Schbarein and
Fristma Moosthy (1972), Xristes Meorthy and Bumiar Raj
(1973}, Sevendwan g} Als (19%) Varicus aspests ile
hydrogrephy, cireulation, shenistry, shyweoplenkton,
benthos etc, from Mandwwvisluari estusrine systen of Ges
have been studted by Mas gf al. (1972), singbel (2973),
feruisinr 9 al. (1973, 1900), Cheriyes gt ale (19%4,
1978), ihargeve and Duivedi (197¢), Gommmi and Singhel
(19%¢), Goswani and Selvelmy (1977), Ras (29°M), Vanm
25 als (1978). Cenplled infermntion on ¥he mose resens
vorks on the verisus aspests of estmerine Mology has
ceme fyenm Natazejen (1973) end Nuwrien (2977),
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The buciumters of Cashin 4s one of the betaw
studied cstuarios in India, Oeneral Nydvogreply of
the estmary wes studied by Remsmiztham and Jeyaremen
(1963), Dazbishive (1967), “sllershaus (1972), tarides
a5 2ls(2973) end Shymewss and Baladwistoen (1973), T™he
tidal flustusticns wvere reperted by George and Krisima
Xagtha (1963) i Cusim and Gepinathan (1969); Selar
rediatisn by Qasin g a)e (1968); nutrient distribution
by Sankarenareyensn eod Oasim (1960)) Jesagh (197%¢) and
Manikoth and Saldih (19°'M); silting by Gepinathen end
Qesin (1971); sediments by Murty and Vesseyys (1972 a, b)
and Yosrayys and Muarty (1974)) shosphate regeastetion by
Reddy and Sankasenarayensn (1971) and nsnopieankton by
Cesim gi Bhe (3974), The orgenie predustion and phytoe
plenkion ecclegy and related aspects have betn stalied by
Oanin end Reddy (1967), Oasim g§ ale (1969), Qesim (1970)
and Duvassy snd Bhsttathird (19%), Some work om the
pellution preblem in the estuesy hes besn repsrted by
Unnithen gi ale (1978), Sesulatevi gt al. (1979),

Remandi g% gle (1960 &, by 1961) and Venugepal gf al.
(1980). The shanges in the ecclogy of the aystenm
ought adoitt by men-uads chenges vwese zaviswed by Ossin
and Madivprstep (1979),
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The general cenpesiticn of the sceplenkton of
Cochin Dasireters was published by Guerge (19858), Sem
aspets of ssascnal ehanges LR sesplankbten have besn
stulied by Nalr and Tyenter (1971), wWellewshaws (197¢)
wd Wmon g8 gl (1971), Bistridution and esolegy of
some of the groups of scoplankton has been stuiied by
various suthors, sush a8 Nyfressduses by Santhelumari
and Vanmmood (1971)) ehestegneths by Vijsyulaiwivd Nais
(1973, 1973) and Sreenivasen (1971); cepepeds by Pillad
(1971), Mlisd end Pillal (1973), Plisd gt a). (2973)
end spesies of ¥he fenily A csrtiides by Tyenter and
Abgshan (1971), An sstomt of the Sancnony of cepopede
in the estussy is given by Wellewshaus (1909, 1970),
s poeies congesition and their sesesomal flmstustions ia
the estuayy by Maddmpretap and Hexides (1978) and Rae
2k ale (1978), Swudies on thd tidal influsnces on the
estuerine seepiankton, commmity strectuse and eselogy
of soms speeies of copupeds have come from Mufimigretap
(1978, 399, 19060). Mgnitoie of seosndesy produstion
in the Cechin backweters has been stadied by Madhupretap
a8 ale (3977,

sondies an the olhur estuarine systans aleng the
larala @oNst are seeaty end diceosntismous, OSeme preli-
sinazy hydrocbiologienl nd plankbenelogisal isvesti-
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Msﬁvﬁkgﬂ:wﬁwmm
uwmu&-tmx.memunu
Varkey Jehns (1971); at Beypore by Varkey Jehn and
Alasandes (1968), Ressntly Muzugen g 4). (1980) heve
stulied e benthic Sauna of Veli Lake, Mthew and
Balalrishmen Haty (1960) have studied the phyteplankeca
of Ashtumdi (Mesndakazs) estuary, The numarous ethes
estusrins of Japala ossst have sestived 1itkle astentien,

000
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Narala with a ecastliine of sheut 00 Im £»
ondowd with samereus and axtsasive hrashish weley
bodien, suetly suming parellel %o the csantliind,
s Gistanee of 900 Jn were investigeted evur & pivied of
one yoor during 1978, namsly Vali at Trivendyum, Neendeakare
st Quilon, Thettappdlly sear Alleppey, Cechin Daclwatews
ot Comhin, Xogapushe, Xallai and Beypore et Calisut snd
Mehe tear Tallisheswy (Fig, 3).

The Veli lake is primsrily a fresh weataw body and
is oo of the smallest of thwe Lladee confirmd ¢o the
ssuthern part of the Marals State, situated 5 i northe
wost of Tyivwndzun, It 45 1 J long and 0,3 }m Myoed,
A parzew strip of sand bar atwose the mowth of this lade
Guring the dry season chetravts fyee enshange of manine
and fresh water, The lake is very shallew, @epth being
24 2,5 m The bothom is sendy., Chesgvetions vese
mds nesr e sand har on the lale side,
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Hasndaharn*

e estunsy ot Nesndakace is situsted about 9.6 '
nesth of Cuilen ot 9°28° « 645N 1ag, and N*20* »
T7°37'E 2onge This estnary is one of the Seweneet
ountees of mapine fish landing aleng Whe southern Xarala
osaets 1IN 15 aleo Joowd a8 Achbamdi erbuny. The
peint of chossvetion was sear $he mowth and in this apen,
e wveta® 15 alveys charned wp by he propellers of
fishing boste and tiAa) asticm, The depth ok Whe axree
of chomsvation 1o 6 e The Dodbon 45 mudly sand,

This lake is sitested shout 25 hm south of
Alleppey, Thase is & nassew sirip of sand har asroes
the mouth of shis lake, A besvege is constrwoesd on
the esstesn side in the lake sbeut 0.8 'm avey from
the send Det %0 prevent incussion of saline water imte
the hintesiands so as ¢ enhense paddy cultivetiom,
™he spill wvays are epened &uping the monsoon period,
The sanpling ware mede still Aursther on the eastern
side of Whe barrege.
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Senbin haninmings *

e Coshin dackwetars incliude a aystem of Lntes-
connestad lagoons penetreting the main land and enclesing
oany islands in betwesn, vhese tidal ages amoumts %
approxinstely 300 sg. das The beckwatesrs apound Coshin
is located along 9°58'n, W*18'E, It has & purmenant
cannbotion with the Axebism Sea on the westesn side by &
ahannel sbout 450 n vide which forws the entsunes o e
Coohin hagbowr, At Ve merthesn entremity 4% opane inbe
She Arshian Sea at Ashikode and 4% the scuthure end A¢
teeninates inte & large bedy of fresh weter Rsmely
Veshenad 3ale,

e osestiine is of an eargent type formed of &
mambee of nagrey send bars suaning pasaliel % the
cotstline often in several zews (Dashishise, 1947), The
sand bag and the hazheur chamnel ot Coshin age periedie
oally dveliged to sconmpdate the twaftfis of the pawre,.
The chemnel aves srewnd the mowth vhere shearvetions
waze mads 48 about 19 » @eop, The depth of the estmary
grodmlly seduges further upstroen o showt 2 m &8
Alleppey. The depihs of the ares nerth of the Degmenth
is mniformly shallev, Deing 2 90 4 me The Detton of We
ostary is generslly maddy,
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T™he major source of fyush water i the estuary are
the %o lasge rivers namely Pesbe on the seweth and
farfyer on e noxth, In addition % Vhees, Meanashil
and Mevattupushe rivess and sovesal ammll Wwribwtaries
and izwigetion chanmels jein the Deslmmters,

The tiéal offests of Whe SSMNERY s Muniews RO
the math, ¥ aplitods of the %ides bedng heut i m
at the haghour agea dsercasing Sowerds the wWyer seasthes.
tasursion of sed water %o ¥he uyper sesshes eseilliates
depending en the fresh wotay offlun (larides gi 8},
973),

REbA sntany

e Narspushe cotuary is shallev and 52 dm leng.
Two rivess Seed the estuary, -The Elsthwr siver jJedne
e Farapusha badkweter systan abeut § I avay fawm
the ssuth, Ansther stream sunning fzem 0w fool of
the high ssumtain senge suwseunding the Nedimnads Malat
enptios 1nto 48 about 16 I fyem e river acuth. The
dopth of the estuary 48 ¢ © B m and the botton is
sandy, Suring ssnsesn the sils ladm fresh water swn
down the river sweretsing the ebd tide almost cangletely.
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Sallal entuenys

miled estuerine aystem has 1ts erigin as & smsll
polam and Mankave 4o Kallai G and thea jeins e
Agshian Sea, It has & length of 30 W, All aleng the
ziver benks these ere lerge sumbers of ceir Cottage
industry units and esnsidereble amount of coosnut hushe
are Gomped into Whe river for yesting, These husks
gt sedisntad ot the betten and dus 4o orgenis desey
of thess, & blask layer is formed on the substretem mimed
vith send. Ywrther, large samsber of logs awe deph in
this river for cendisioning all thweough the yesr, These
1egs also foul the water, During the rainy sSocscn wetew
lovel vises up by 2 %0 &4 & in Whis viver, In fasb
Sogrential flew of fyesh weter from wplends cleans the
river setsenslly, Becsuse of the small sise of the
river the tidal cussents enter wpstaesn intc the rives
by abovh 38 to 20 hm,

Baypose estmary has 1% soures principally is
the Hilgird Mills and flows 4 &0 & msjor rives
through Eilebur, Nembad, Agikied, Mevaer, Keoniyewm-
perenbe, Faroks end Seypose and enpAies into the Arehian
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Sos, The rivers Chesupushe and Ixinjipuahn spen Ante
this estnasy ot Eamntampareshe and Mavar respettively.

™he ziver Chaliysr wivich receives thw effivents
from hw Rayen fagbory ot Muvar also jeins this sstaaxy,
During moneoon the water lavel rives wp iy 4 & S m and
the veter becsmss tushid, The hettem is sendy,

Afvar Mayyeshi (ahe) hes its erxigin in the Nestern
Ghate, The Grainsge basin hes similer charectaristics
as thoss of other thies rivers of north Meyala desoribed
esriier, 1% enters the Asebian Oea ot Mahe, & small
Union Tesritery and part of Nundishorzy Seste, During
the mNsooR Seescns the wetes level st the peint of
sampling rises by sbeut 1.3 %0 2 ms The botbem 18 muddy
sand and has an sversge depth of S m,  Stahe net fishery
eperstos hewe almost sound Whe year, I8 has & swall
fishing hegbour and is & landing oentse for Whe geesn
muses) Mriilng ¥ixndia ecliseted by losel divers, This
ziver sleo has petsing yards in 1%,
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2.3, Indhada.

ALl ebssgvetione wvare condasted mepthly in the
yorr 1978, Chospvetieons wese made 4% one statien neay
e aouth at all ¥he sotuaries aneept Ceshin beslanters,
In the Coohin bashwaters apart frem eollecting menthly
inforrmtion at & station fimed ot the mewth, Ww &istrie
bution of secplankton %o the interier of the estuery wes
also studisd, Fer this purpese seoplonktens snd eswiyoenw
mentsl chupasters vasre sheastved from ¢ mowe statiems in
four months, repsesenting veriocus sessons, vis, Janwary
(early premonsosn), April (peak saline pasiod), July
(monsocn) wd Nevenber (pestmcmsccn), The statiens wese
fined %o aover the entize baginmitars from itz meuth (et
Coshin) o i% head (Alleppey) (Pig, 3).

2.3+4. fampiing. nEasndign:

Ngter sanples vere osllested from the surfese with
8 eloan plastis buciws and from mid depth and bottem
m.m.mmnmaw
graphical paramtass, 7The tenparstuee wes setonded
dimmediately after sespling using a thermametar. Salinity
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vas sotinated using Mehwelnudsen titweticn method and
enygen by winkier's techaique., Seeplankten was

collested by eblique heuls frem the hetten t0 suEfese
wsing an HF net (HezeneSranter net, msuth ages 0,25 a’,

length 3 »; mesh siss 300 sdewen),

A fiov moter (Rigesha Model No.8850) wee atbeshed
S0 the mouth of the aet 0 estimste the velume of e
water filtased, The st wes gradially drewm from the
botton %2 the surfese, the Gureticn of haul Muing § ninwtes,
Sooplankton wes peesarved in X ferwamline,

The plenkton senples vere filtesed, drained of
enoess water using sbeothbent paper and added %o kmwen
volums of vatar W £ind eut the displasesent of velume,
Subsarples wvere often taken for t¥he enalysis using a
Pelsen Mlankten Splittex, Lesge evgmnimns 1ihe hyéroe
oounts Sakesn for he wiwie seaplis, Thw susmmpls wes
then sysead on & aounting tray and counted %o spesies
evel as far as possible, The wielse samples was wsed
for counting vhenever the semple was small, T™he eomnts
waze then transfemnmd inte mbers par Wit velume of
wvatey £110aed wsing the fiemdtar data,



Assassent of snviremmatal festures and Wheis
ohanges is essmntial for undesstanding the esoleqy
and integ-gulstions of 0w crgmmisms inhabiting an agea,
Several stndiss nentionsd esrliar have oontriduted to
the wninrstending of Wydrshiclegieal aspests of Indisn
osbuanins, The State of Narala gots the ruinfall
fxon both Gevihwest and Northeast metsccns and they
have grofound iafluense on the hydregreghy end hislegy
of the sstwaries, The seasons ean dueadly be &ivided
(although this is somswhat arbitsary, sinse the snsed
of rainfall variss fyrem yoar % year) inmte promsnscon
(Jenuary @ April), menseen (May %o Gotsber) and peste
monsoon (Novmber«Dessuher) pariods, Howver, at the
month seglons of mest of e estuariss saline conditiens
provail at the Meginning of ¥he msnsoon pariod also
(Nay=June) althouch the selinity towards the interters
is hevught dowm,
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3.3. feshin heshumtexs.
3e3e3e SalinitEe

T™he mset japertant faster ecatrolling the
Melegisal prosssses in trepicnl sstuaries is the
mmeeen and the sssesiated shanges in salinity, Wide
veristions were chossved in the salinity strusture of
the vater onlwmn in this estunpy during the diffapent
m'ﬂh.cn.

JEaninsnen’

A mame or 1ees vertisslly homogensous pettesn
in salinity distridution wvap ehessved by the degimning
of yrensomn. Saliaity valwes wese high ( = 30M,)
both ot suwrtass and hettan, It steadily incseased
through Whe ssasen and yogistened the nudsms valne
(D4olle) 4in Ageil, The isdlvense of the saline wetes
esuld be txased wpto Whe heed of the cottusy (Fig, 4 B),
™he zsessvary after the mmsocs vas gradual and the
valuee Sowards ¢he heod ineseased frem 3,9, in Junuesy
e 13,000y April, Some smownt of stratifisstion
cosuered ah e nidile yoashes Auring the early pre~
seasoon, But the vetar eslun bosame well mnined
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during e goak ssunminsecen panied.

e ewet of munseosn in May Mrought about &
total ehange in the physical eharasteristiss of the
ewisrenl, Large guantities of Zresh wally WaR®
discharged Ante the basincetens theough the rivers aad
jand suredf Guring the mansecne., During the yeor of
mtmmmmnum
apte Ootelaw with intermittent hyeaks,

the surfase salinity fell frem 34.8M, i Agril
9,958, fn May., Dottem salinily varied from 30K, W
33,000 04 muth of the sotueny, The weter Gultam besae
stzatitiod sheving & two-layeved flew, In June an
inerenss in sslinity was chessved both at W surfese
and Bottem Guo 0 & shert hessh 1a the sensccn, Betten
secoadad, The peesenss of Whis high saline wveater in
the bothom lagers vas probehly dae to the intrwsien of
epwnlled Apehian Sea water inte the chanmnl (e 3,1.2)
during this paried, Surfote salinity westind neer sere
values in July vhen Whe Reneeon was &t 1t poak, 2%
shouwed an insressing trend in August and Septerhen ewing
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% an sbateumsnt of the fereus of the wousoons hubk do-
epcased again in Osbeber vhun the reinfall inayessed,
Tovapds the wpar reashes $he estuesy reuninsd fresh
water demingted Whweughsut the msasecn (Fig. ¢ B),

By Revaber suzfsse salinity started to shew an
insreans, The wvater sslumm omtinwed %o be stratified
vith high salise wvater (32.%%e) a8 ¥he Dotbem, Ses
vater started S0 doniaate by Dessnbar, stratificetion
hedng iene appurent, the cenditions leading inte Denp
osnscus situetion of the presenseen.

Salinity secovesy was sepid at $he mouth and
gradusl ot 0w upper reathes. Bvea after WUw suin fall
encugl: S0 SePRries the fncursion of marine wataw Sowvards
the hwad of the sstuasy during Uhn pestmnsest yarisd,

3.1.2. Zammanaiunnt

Flsotmettens in Ssapesate wvare net muh and as
prencunsed as What of salinity but the ssesennl ahanges
were sefllestnd in the ampeEetare stEUstuNe Aled,
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fonpareture vas higher during the premsnseen
sesten, In Juwery the surfase Somparsture was srewnd
20°C,. There vas & gredusl inogeese as Whe ssaetn
progreased snd by April the surface temperatise reeshed
31.,6°C, The water cslwn was welil nined snfd hemee
omity prevailed with 1ittie diffavence in Smperstoee
botwemn the upper and betten laguss (Fig, 4 A),

e affest of mmescn was reflosted in the
Sesparetupe distribution alse, Tempewature suddenly
dropgped fxem 31,6°C in April %0 azemnd 26,0°C in Ny
ot hoth susfase and bokten, I incweased %0 29,8°C
in June ceurespending %o o Memperery Deesk in mumsecn
and fluetunted hetwesn 28°C and 30°C during Yhe mensecn
ssgeon, Steep versicsl gredisnt in Vumpagsture enisted
uring this sesson, lowest tepersture (34,4°C) was
recowded sk the Dotten in July, The differense betwesn
the surfese and bothem tonperature Sell within the
2ange of 1,4°C %0 5,1°C frem June %o Oubebew,
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T, during the mmsesn pavied, sepsstially in
Jalywiugust, thasmsl stratification wvas vesy staep.
T™he 0xdd high seline watar a8 the betten laguss fs
prehably the upwellsd Apebien Ses weter entering the
channgle. FMresenes of ssld dense waters wpmiled fyem
e subepurfecs lovels of Agsbiam Sea in the continental
shelf and f%s insuwrsion inGo the meuth aves of Cashin
baghweters has boen seperted Guriag Ywee aanthe
1963 Vermpupel gi alee 19M9),

p
by Dostmber the weter calun hesame mage of less hemee
GURO0D,

3.303. QAU

e pattern of ey distridution wvas alse
simllar %o thet of salinity and tangeratuse, Dwring
prensnsecn, the surfase and botben axyygon canbent did
senged obwesa 2,0 nl/1 %o 3,0 ml/2,
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Suxfons enygen osntant showed & gunerel inevesse
Gwing the mmossn pericd, It inszessed ¢ 4,0
5.0 nl/1 An July and Aaguet, But the Bethem valmee
dearensed during this pericd, the atnimem chossved
bedng 03 ni/L in Auguet (Fig, 4 D), The vary lew
Ny CORMERt A% Whe Dotton Llayess during Jmly-aagust
ves furthar evidenos o the yresonte of upwelled weter,
T™he low cuypen centent genarally feund in the Dettam
during ssnseen paviod 1p prebuably oving % ¥w high
srbidity and lev Jight pensteetion (Oesim g§ glse 1968
Venugepal gh Ales 1979) Lindting primey prefastion in
these Layess,

Suring W pestumnsoch puried, the surfase and
Dotton NyPIn Valuse el mISe oF loes st and the
vatez osdum fairly hamogenssus, lowever the surfese
valuas ware still less,; ssmpaled 40 the maneeenal peried,

3.2 Sammxien with sthex sstmerias.

The hydeogreghisal chavesteristios of Cashin
basiuntenrs is Wplieal of othur estuarine systeas of
Narals csast, In all thees estusrics mumsecn is the
Wy fenter Bringing showt the aamual ayeuiie changes
in the hydrehiclogy of the anvirenmmnt, As mentiennd
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earliiar, W neet fnpertent paseeter Guntruliling the
hologissl pressesss in trepisnl estuasies is salinivy,
The lage qamntities of fyeeh water whish fnwndate the
estusgties Suwring Whe mentost often shyuptly slters the
salinlty stzusture and eouses Sotal trensformstion in
the famal esnpesition,

™he basie differense in the ghysiss)l sharestaristiss
of Coslrin Dastosnters with sthar estueries oiniied 4s
that Ww Coshin basiweters form & Jawge basin of heaskish
water fnto whish ssvesral rivers eaply. The etbaw
estuarias apert from Veli end Thettappilly Odideh age
prinexily fyesh watal Jadwe having linited periedis
csmmestion with the sse) are river sowthe vhere estusriae
esndisions dovelep. use ever the dhanew) awes of
Coshin bastaatur Systin is esnstantly duedged and despened
o sosemusdate port treftis wille the ssuth of ether
estuaries ape ouparstiively shallower (sowe dredging
operstions e cenducted garicdicslly st Baypote and
Nesndalnte alse), Howewver, the general hydrogrephy at
the mouth segiens of Nesndakage, Xaliasi, Saypore, sad
Mahe cowiaziss 45 more or Jess sindlar ¢ Coshin Dugk~
discussed,
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S¢2.1, Sammnisen. of Nesndekars. Eallad. Bersess.
Sesamust ot e

Salinity dlstriduticn in hwes sstusriss was
sintliar Guring the premsnsecn peried, A¢ Nespdadhese
the surfase salinity renged Betwien 31.8%, to 34,3,
whils at Ow Botton ¢ variad betwecn 32.1%, %o 34.8K,
(Fige )0 At Kallal semisum salinity of 35,7, was
seccnded in Al (Pig, 6). AC Naypane, the saliniey
sfosr sogistering & maninmnm (33,3%.) in Pebwwagy f01)
daring the swbsequent sunths of the season and a8 Wwe
poak of premmsocn, £n April, 41t was enly 28.2%. at
botoen (Fig. 7). The cenditions wvare sinilar st Xegee
puuba and b cctuarios alse. The water ssluwm v
wel) ntwed and the valuts senged betwses 30X, t» 38X,
during the premvasccns (Figs. 8 antd 9),

Salinity fell with the enset of mensoon in May,
AS Hosdakars 48 wvas seduced frem 34,2%, in April %
16,95, ot Ve suzfese and 18,8%, at the bethem (Fig. 8.
Sinilay Secyusss wes notioed ot Xepapusha, Xallal, and
Muhe 3ut the selinity semained Digh at Deypose, A
slight sutuetien in Ww fores of mnsoon on Uhe seuthern
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parts of Musels in Jene Tesulted in & tenposery rise

in salinity in he estueries ot Cochin, Nesndahare,
Veli mnd Thetteppllly. Mut again it Sell to meas

sere valuse hoth ot surfeee and hettem in all the
eotuartes with the heavy ratne ia July, DBut ot Nesade-
hazs the surfese and Dethen salinities ware yedused ealy
t0 6.6 and M.4%, Tespestively in July prebehly Deceuse
of the lesser raiafall in ¥his axes.

Vortionl stratificstion Guring Sensecs wes lees
pronouneed ia these estuaries os Gsupaned to What in
Cashin beslombers. Hewsver, & lesser gredient was
sbossvod ot Xallai, Beypore and Newapusha during the
2ater part of the mensocn pericd (Fige, 6, 7 & 8),
Virtaally se strstifiestion essusyed ot Nesndekars and
Mahe cotuenies (Pigs, S & 9), The pesbebie seasen
for the 10es marind stretifiestion eenpesed o Cechin
Beshwntems 48 that the send bar ot the meuth of the
1atter is deepened yerisdieally allewing fres ineursion
of oos wvolew aleng ¥he Dotbom a8 & Wpical salt wdge,

Sossupe of the same seasen, the salindly sessvesy
h.udmm”mu“m”-
sensecs peried Oloveninr) conpased % Coshin besiamters,
B Doglenal varistions in the rainfall alse Anflwsaced
this % soe exhant, By Desmuber the salinily started
inezeasing in all the estuaries,
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Tonperatere alse fell in tame with the pattern
of salinity dlstridution (Figs. S+0), In gemesel, 1%
fell by 7,0 % §,0°C in mensoon conpared to the guee
mensocn veluss, But & shars gredient in the vertioal
thermel SANUSLUNS as Net appATent 1B these esvRaries
wnlile Cochin heshwatars ensept at Kallat (Fige 6).
The ¢ifferenses hetwaen sucfase and bettma in gameral
vere only ahent 3,0 % 1,5°C. At Kallai the highest
oradimnt chessved was 3,3°C in Augues,

Gt cltent ot the suwrfase layer in Yhuee
estunries wes gemerally highewr conpoved %9 Coshin bagh-
wetern, AS Nomndakage 4% Dluptuated betvuen 3.3 wi/)
® 3.0 ni/) Awing U prauasem. I8 further insveesed
™w 4.9 and 5,3 0l ia Mguet and Bgveubay (Fig. 9).
The botten valuss di4 net vary smeh fren the surfage
values Suring early mmsoch pevdied, But from August
s diffenenss of shout 1,35 nl/) was chessved Motwioen then,
™he distriwtion of swefese enygen &t Mallal wes &iffesrent,
Frem 3,3 wd/) in April 4t inazessed te 4.7 a1 ia Jme,
Valuss Yun dsaressed steadlly during the monsech Setsen
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and segistaned the ninisms in Ostebay (Pig, 6), e
botten values showed sinilar teend of disteidution
as that of smwfase vithout mush diffegense snoept in
April and My, A steedy inareess in the surfesw
oNFoun comtent was noted at Daypoew aetuary from the
premonsoon %o mensecns yeried (Fig. 7). The msxisum
value 58 sid/1 was showrved in Auguet, More alse Ve
feom that of Whe swrfase, The anpyan distetdution 414
not aidis eny detinite twund whish osnid he cerreleted
%0 ssasens at Mugepushe and Muhe vhese high and dew
valuss coturred ia all sessons (Figs, 0 & 9),

Coe notabis aspect amsnging in ‘e ssapariscn
of the hyivegreghic paraswtass is the sheente of upwelled
Axehion Ses wvater in any of these estusries Auriag the
owing %o the shallswer nebure of thelr mewths,

3.2.2. Smaciacn. of Yell and Thethennilly jebes.

Thase e 1ades on the sovthern part of the Karala
hydeobiclogiosl aspeets, The Veli leke hes a send ber
euzoss its mouth vhieh permits enchange of fyesh and
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2artne Yvaters enly for & shart spen of time, AS
™Thettappilly & man-ende hasrege ehetzwots fres inflew
of watey frem She sea (see 3,3).

At Yoli Ww surfase salinity was low thsvaghous
the year, MNaisus valus sesorded was 4,3, in Hevenber,
Puring the yromnsecs the values zenged fyem 0,7, to
3o3s. Bottem salinity wvas higher duwing this pervied,
sopistering the masimm in Mewwh (23,8%¢) (Fig. 10),
It fell 0 mear sece values Garing memsoon and the veter
oalumn beoms prectisslly fsesh, During the peste
senecen the dotten salinity insxeesed %0 13,45, while
e surfess valuts remained jov, Naregms gt a), (1960)
heve also chassved lev salinities in this lade bwt
maniman valus they sescrded was enly &.0%,,

T™he Thetappllly ek was dominated by feesh weter
Yweughout the yeatte The salinity wes vany iow, alweys
lass then 3N, during all the secsend ensept in Juwnuesy
when the bhothen saliaisy wvas 7,9%, (Fig. 11),



High tesperetuse prevaiisd during the prensnssen
ot Vali, Trem 31.,2°C ia Jemmary At ingretesd 4o the
mentsm of 34°C in Memehy (Pig, 10), During the mnsosn
the valuws fell and flustuated hotween 25°C sad 30°C,
The minimm ves chessved in Ortehar, During peet-
nensoch the owrfase tanptvatute was aseumd 30°C, The
bokton values did net shew any veristien from thess of
the surface during all scesens sinte 4t 45 & stallew ares
(2.8 m),

e tampassture distridetion wvas almost sintlary ad
Thettarpdlly alse vith sanbmn tenperature (33,0°C) being
socopded in Napeh and April o8 She stirfase and ndntiamm
(26,5°C) in July at the betten (Fig, 11), The Dettem
Seaperstuse vas anly siightly less campazed @ the
surfess suapt in July and Odtehar,

e owfass veter ot Vold hed high cuygen Gone
csxtrations hwougheut the yoor senging hetwian 4,0 ad/2
to 5,9 nl/1 ensept during cariy ypeemmscen pegicd
(feuapy end Pebguary). Guygmm in the botten lages
wae Jower in weet of the semthe, maniwan diffesente
boing sevorded in Magust (Pig, 10),
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Gurgen 4lstribution ot surfass at Thettappdlly
vas mase oF JMess simtler So ¥hw Vall ladw (Fig, 13),

he majer diffamanee of Thottuppilly and Vaid
Ludwe fven the other sstuaries i e yresmnse of Jew
sslinge water st the surfese Whweugheout the your, Wnile
ot Thattagpilly the betten salinity also sumaine lew
mSe of 1008 thooughout, salinity geee quite Meh =
Vell 1adw in pest and prensntesn Seasens, The erigia
of this high saline Detton veter st Velli altheugh thase
45 o fues senneetion vith the see is subjest %0 some
spesulation,

3N 4s porhape Dast aplained in Senms of the
Qmanies of & seeetel aquifer (Glever, 1999 Cesper,
1989), N invelvee cosan tides, W rise and fal) of
the ground vater table and ¥he hed of the sand hag
asting as & pesweshie wedium, A sene of diffusien 1s
forund in the bed and son vater and foush wvater hHesome
intiontely nisnd in Whis asons, Te quete Cogpar "4£%
appoate to b ressenchly curtaia that vhasever s sene
of 4ifiusion anists in & asestal aguiter & fiew of s
wvater fren ¥he fleer of Whe s0s into the mone of
diffupion will cseus, The flgv may bs intesrupbed o
sevesved Quring lev stages of tide or Righ stages of
the water tablie Dut on the sverage 4% wvill peraist in
s land wapd direstion”,
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Thas the saliatity inegesse in the hottans lagyer
of Vaii lade may be through this éiffusien, coouwring
sleng e bed, (lewewer, the presense of swe Wyple
eally esastal spesies in the Veli 1ake in suns senthe -
000 Chagher ¢ « muiwe 1% Lapessidl & o sswive a8 & firm
conslupien, Thawe esuld alse bo & peesidilitvy of seme
sinking o the botton of the ledm),

A Thettagpilly thw cmtigusetion of the tasrain
viuee sollestions vere made is 4iffaswnt, The bazwege
45 dbudlt about 0,8 Jm avey fyom the sand bap i the
osllegtions vage made fyem inside Ww splllivey, T
distanus fwom Whe ses %o e plese of cellestion may
essount for Whe lewer saliaity &g the botton ensountared
ot this statiem,

*0 800
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mere stable conditions of neighhsuring ses end fyesh
waters and anhibit inerensed gredisnts and flustustions
of sbhiotis and Distis fastens (Kimne, 1967), The
pysioschenios] cenditions and their fluctustisns i
an estuary ave dotesmined by the tide, the quality
and quantiity of the river vaier disshesged and the
morpholegy of the axen, The wpredictebility of these
fastors sender estuarics physiecslly eontrellsd rather
than bielegisally avcemmadated hebitate (Sandars, 1968),
™he sesplonkton sccugying this Disteps hawe % be tWre-
mendonsly ascomnadastive %9 put Gp with the stmees.
Thus, true estuerine ergenisns ferm & ¢lase by theme
selves spart frem the moge commen eusyhaline marise
Sopnsy and 45 & lesser axtant stenshaline feems and
faosh wvater ergenisns which frequent these walars,

verious growps and spesies of sooplankton in the
eight sstuarins studied ave presented (n Whis ebhaplter,
Thees way enalysis of vwpisnee was parfoswed o study
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aves and sospon (Dwevides, 1960 Fishar and Yates, 1987),
The medel wed for the analysis was

TMPpw e/ et ¢35 ¢ = ¢Sty eSSt + gk o

845w
whese
/7 o orend wawm

<8 o 8% sysetes etiess

B3 e 5 sserten ettens

i‘““

548 e satesestion bonmen 4"® epuntes
wt I sescien

S i e insesestien betwesn 1 epeetes
ot 2" s

St = gatewession hotwesn 3'® seuttien
ot 2 e

Gk = T &wvintien of the csll msen frem the veluse
apested on Yhe sssuapiion that they would be the graad
ween pius the spesies, station and muaths effect plus
the thres £iret seder interactions and 524y = zendem
offocts whish are netanlly @letributed with spen = sepe
and varianee no".
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Manthly bismess and %otal smber of seeplanikten
in the eight sstmarine systene aze 145004 in Table 3
(A} i Table 2 (B), Anelywia of variense (Tuble 3
A and Teble 3 B) showsd that signifiewnt veristions
betwesn Seescns as wall a5 hotveen estuerics emisted
for Monass and %04AL sscplanhton counts, Janfean
bissmas ecomurred in Agril and May fellowed hy Fehewry
and Maawh, Nintmm ves ehessved in August-feptanher,
Maximen oounts wese also in ey and April and July,
August and Septenber showed 0w mintmm, Cothin dagke
wvaters Yugped the 14at ia beth diancse and %olal couwnts.
Kewapushs and Xalliali renked mant and aintasm abundanse
wos chosgved at Thettagpllly, iligher shundonoe of spe~
plankton chessved in May aparrt from premonsocn Nonthe
15 becwuse the chesIVEticns wese mads st the mouth ases
of the estuaries wvhare salinity weas fairly high in Wis
manth also, Alse, muny sedium saline speuies shifs
this ayes vhan salinity bosens 00 lew in Whe interiers
of the sstwarise,

Haxtoon sbundence in Cechin baakweters was netiesd
in Apeil (8.2 mi/10 o and 10,4107 noe/10 o).  Kallat
vhdoh senhed nent in the shundence showsd enly 3,8 w3/
20 »® (Wetal mamber ~ 30297 nea/20 u’) during this memth,
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28 the sther eetuaries nuxime population was wseelly

1n April, howover She menth vhen psak biemass was
socorded varied, This alos showsd thet the Setad
mmbaprs and blomsas are 2ot ALNYE ecrrelsted sinee

Af Lesger ergenisms 1ihe mysids end sergeetids of other
Gosuped 1axves are yEsesmt, the pisture of the biemase

o be vary mwh altered, The sverage valuss for yee-
mmmwumuo.on/»’u
seoplankton cownts frem 3600 o 40500/10 u’ nm
and Carhin beclwstars yeepsotively.

Slemes valuse foll sharply Maring the mmscsn
pariod, Averages fer Diomasns fell by &7 ot Ceshin,
$7.5% ob Rallal, 19,3% ot Xesepuube, 72,5¢ ok Duypese,
90,9% ah Maha, M.0¢ at Vali end $0% st Thetteppllly
when coupezed U0 Whe premcnsesn, Siniler Geapecse
oould be chestved in the Wetal ambars of asaplankben
alse,

% may be mentionsd that the uoeplankton counts
and Momsse ot the mth of an estmasy Auwring mensecn
pariod could deo sonetines & 1i%t1e deceptive, The
swrend of Y valuss fn Tehie 2 A and Tsbis 2 B 4o at
strietly eonfogn %o the gmerel idea thet sesplankten
begoms gnexee in the estuaries during the mmsoen, This
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48 bosanss ¢ e south anek oven & slight et wp in
rain or river discharge ¢ mesult in mederete seliadty
recoveny (espesially Guring high tide) MWiaging in the
often meny wadiun seline spesies ere sdis % Whwive
in this aves, atlsast for shert durations dupring this
seascn, as would be showa in the fertheoming sestisne,
Regisnal diffesences in reinfall, dopthh ob Yhe mouth,
and gooawal cuntiguretisn of the sovny csuld alse
lood %5 these veristiene, A trus plovawe wenld emerge
wvhan the shundanse of seoplmhton instide Whe esteary
also is sadmn (Table 2 C) which shows spasse pepulation
Guring this ssesen,

Duping the pestmcasess mesthy (levenherDeswber)
st of Yheee sstuaries with o free emosotien o e
ose showad an inereese in selinity as well as Lin see»
toverds the upper seashes,

Results of the Shees way analysis of verience
(Yable 4 A) showed Shat among Whe major greupe of Noe-
plankton Copapeda weas signifissntly higher in newmrieal
shandunce fellowed by scea lasves and sargustids and
the ninisum ves shearved for Comnophoss and Cledosara,
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All the fizet order intapestions Dotaesn Se0SURS,

arees and guoups were sigaifiemt at B lovel,
Conparatively muniomn shbundense of sesplankten was

in Coshin bestwstors fellowed by Xallai, Kesapushe,
Boypose, Valli and Mahe, least cbundence wes notioed
in Thottappdlly and Nesndalmze estuariss. In all Uw
estuarias, Copepeda was the duminent greup, maximum
dansdty deing ottained usually fa April enmpt at
Saypore, VNesniskira and Thettagpilly vimee twy cssursed
mote in Nevesber, Demmber and Oshebar seapestively,

4.3. Sameaition sod dintciintien. of sesslsakicn.

e socplankion of thess eotuesies omgrised of
verions groupe bolenging S0 almest all phyins Al
gether sintesn safer growgs wase ideatified namsly
hydzouniuses, sigheneghere, Ctencphors, hastegnathe,
Copapoda, Ostraseda, Clafosers, Cumases, Isopeda,
Aughipeds, Nysideses, Sepgeotidas, iavertsdeate egus
end lamves, fish sgoe end jexves, Cepslata and Thalliases,
The distribution of Setal seeplankten, Gowaen gEONpd
and spandes in Yhe esbuarice e givem in Pigh, 1327,
Sessonsl distridution of majer groups in the estuariss
1o presented in Tuble 8, (The atstribution in My
and Je Lis Wwested sepagately fren olher menthe of
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mungosn peried, 8inos seline eonditiens prevailed
oS movith apess of mont estuaries in tYheee menths end
often & nimed sassnblage of high and mdium saline.
spocies was enceuntered),

Sovanly thres spouine from varisus grewps wese
Sdentifisd fyem Coshin bosiwmters, Of thess, 47 Maleaged
to Capepeda, T™he bienass and Sote) mambker of mosplenhton
wvare lower in Nesndshage astuary when ewpared %0 ethars,
Howowver, 48 spesies belonging %o variouws geowps sosurzed
in this estaary and wves sant % Couhin bagiambens in
the smber of spesies. T™his 15 fSellewed by Veid (39
spesias), Numepmaha (36), Beypere (34), Kaliad (29),
Mehe (28), and Thettappilly (M), The systamtis iiss
of opncies sl Whe proscncs and shoonte of heae ia
verious estuaries aze given ia Sable 6. The geaaral
Gletriduiion of grougs and spaeies vhich are not Commen
and not pegrestnted {n the figuses e given in Takie 7,

4e3ede Dninemnduen’

Thooe ssrnivercus cegenisns are all high salise
forms end esour in estuaries principally daring intere
sonsoon pewiod, Santhalusmei and Vansmooi (1971)
sesardnd ninetesn spoeiss of hydromadusee fxom the Cechia
beckustor aystem, They have sepested sows speuies of
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hydremsdusse in thw Coutiin bashweters to be enlinis

e this axen, Only sin somwen Sposies namely
Naskisxgia vizziaian Mbine sanssnalis. B- nensalide-
aae Mg mami. - saidsnensis "t Rahelilate senend
were SOmtified in the puesent study., Among these
Mtisn ssommealis, Nlaskfendis Yiswiniss e Eirseg
SEYicoanalds vere found %0 Be wost shindent in the estuery
and ageoss vith earifer findings of Vanmuweel gj gl (1970)
and ndupeetap end Rarides (3978). These hees spesies
togettns asseunted for 92X of the wameissl sbundense of
hpdrendusee i e Coshin bashwatar aysten, ALl these
spegise sheved higwy chwndanse ia Nay and Juns &8 Ww
mowth axes (340 and 430 /10 n” suspsstively) (rig. 318).
Ty wvare choant during sussoon and pestaonsecn paried
ansept for ¥he sale appearenes of Dushadlohs seaand in
Dessuheg'y -

The common Wypivemsdisae apesies cosurred in lapge
sumbere in Ww niddle and upper Fossies of Vv eobuasy
Ouring prensnseen picied (Fig, 17), By Agril thay wese
present sight upte the hwad (Agation 7) and pech dansity
of 1000/10 o’ was chosrved in ¥he midfle esches, These
spenise ahiddted eossidegabls salianity Selerwnte and
wiile Juking soemmnealis covwrred suly in salindty abeve
18, Raskfontia vizsinian *»4 Rizsoe saxicosnsis
comvezed in saiinity ae lew a3 BX, (Fig, 29).
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Hydromsdusse vere conpletely flushed cut of the
baglomtars by Nly, T™he thees comnon speciss made
their firwt appiesrenes in the middle seashes of the
estuazy in the esrly premonsecn (Jenmeny) pesied
(rige 17), vhan the salinity recevesed, Their popu~
lation shifted %0 the mouth enly leter by Maseh-Agwil,
Their prescnce in the middle of the estuary duriang the
Garly peremcnsecn supperts e view of Venmmoni g% al.
(1970) that the hydreids of the hydromedusas undergo
e quissoent stage %o Side eowmr ¥he wmmfavourside lew
saline envizroamet and besone astive vhen the sslindty
osnditiens becene eptimel,

HyGromduses had a less diverse population in the
samensaliss Eifsos savissesals nd Rlaskfomita yisminies
ware wually ebesxved in these wvaters. Eaking Soumen-
S2)la was the moet shundant spacies ameng tham, Ald
these spseiss were encountesed in high saline monthe,
Nigher donsitiss vere uwsually chessved in Agril and My,
At Homdakara the dlistridution of hydromsdusas Yas Sowmee
what different cengared %0 other estusriss, iHawe, Ww
speeies I+ SENERMALLA ves chossved by Septasber and
the ether o spectes appesred a 1ivtle lever (3. Saisn-
ahSia in Ostaber and ). yisuinign in Nevenber - Fig, 20).
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Thay compred throughout the PesUINRSOen seasen ia
feirly geod nmbars, This is prebebly bessuse the
zeossveny was faoter at Nemndahars both st the surfase
and hpttan e %o Jseser peinfall aftar July, Bvea
by Septeuber saliaity wes swound 33%. throughout the
watar sslom. It Ssll in Nevesber Gus ®o & spate of
heavy yains but 4% Gid net affest the dmeity of hgige-
meduscs ot Neendakare,

These Ywes spesies wave chessved ot Murepusha and
Seypese during the premoneoen pavriod and also in Decesber,
Rklan Semeesalis et Eisses SAYASeensls were the e
dpoeiss wiich wvere oounsh ot 'uhe and Kallai estuaries,
Maxtoms pegpuiotion of Suting SauSRSAlLS veo chessved ia
April o8 Beypere (3440/30 o’), RiZsns saxAensnals in Whe
Seme menth at Kallad and Nesegushe (2310/20 o) ame
Blaskfonila YAZSIAien 1n Meseh ot Seypore (100/10 )
(Pign, 29 & 20). Dutine mengalidonia ves sheckved ot
Mehe in fairly geed nunhers ia he premonscon peried
(133720 o) (n Apeid),

thase thees cuwn spesiss cosursed sparsaly in
Mwil ot Thetteppdily (13710 a’).  AS Vali lahe they
vere cbossved in April end May (saxtissn density « 300/
10 of, Tedie 7,
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he thees commen Ngdvondases speeies whiieh
ocscunred in these sstuaries ase essentially busskish
veter forme. Rlaakiondia YArsinigs i* & euryhaline
spesies usally found in engesete and trepissl estassries
and susnpe and even in Caspian Sea and has & sgattered
geogrephien) distridution (Vemnuwewl gt 2les 1970). RiBme
SETMESRALS alse sttain peck densities in Whe estusries
theugh it has besn sescwded frem eoastal watars of Trie
vandvum (air, 1981) end Basbey (lele wnd Oae, 3938),
Satise sommasalis i confined %0 the estuspine weters snly.
are neretie.

he warege el deasity of Igdvemaduses veried
foem 643/10 #® ot Boypere 0 3/30 u® ot Tevtapptlny.
™The sawricel hundanse of hydvemnéiuses 15 meh lese
cenpapud % gresps 1ixe cvpopeda (Shey fomymd only 1,08
of the sl %0tal csunts from all sstmarien). Never-
theless,; the escliogisal dominenne emerted by the highly
preodooncus groups 1ike hydromsduses, Comnephors, and
Chastognothe Gennet de svericeind, These groups flesurish
cspapods) axe abundant, Higher sumerisel shundense of
these groups often &resticully redues the cepaped pepue
lation in the pastisular ases, AS Baypore, in Aprild,
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when Mydwonaduses end Shencphores Soguther cwnstitated
63,4% of ¥ho Soval secplankien pepulation (6824/30 of),
the Gensity of copepeds was enly 1038/10 »° (9.6% of e
tobal comnts). A simdlay sitention wes cheesved in

Ney sles, But in March vhen deneity of hydromsduses

was saly 9390/10 u¥, the copepeds cenetituted 1% of Ve
ssoplenheon pepulstion, Sariier chesrvetiens (enpublished
data, Estuarine Swsvey Mreject, Regienal Cantre of Netienal
Institate of Cssamopraphy, Ceshin, 1978) also showed thet
copenod Gemeities were drastisully sedused wien these was
& tesning slvmdanse of hydromsduses and cttnophores,
Copapod damsitios were 11 and 383/10 o at Wwe statiems
whare thet of hydromsduses wese 31930 end 2030/10 o
sespestively, Newever, ot & newdy stetion cepeped
Gensity vas 7900/10 n’ whare the density of hydremsdusee
~m-‘o

e d

€23+ Slahenmsbana*

Two spestes, Risiwes shaninssnis o4 jenaia mbialaides
comerred in Wues estmapies ensept Veli and Thoteappdlily.
At Cqshin, Wosndakars and Boyyose thay ware shessved
Guring ¥he pestmenscen moniths (Table 7)., Beth the spestics
vare paossst a% Coshiin during this peried, Only Rizhwung
shaniasonia escurred ot Baypere (23/10 u’ in Nevesher)
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while Jensia mbialoiden ves chescved at Nesndakars
(26/10 u” 1n Nevesber)s At Mehe Lo mibaloides ves
obossved in My, Iexismn shundanse of Whis growp wes
noted ot Xallat (53610 u¥ n Agril) comprising both

the apesties,

of Indte (Demiel end Demisl, 1963 Nengerajen, 1973),
These upeeien o ot preopegets 1a the estasriss and their
SBCUETIRONS a8 thase river mouthe is yurely sccidwntsl,

4e3:3. Shanbeta.

Beursheashia slshons o4 Jagng ope vere the e
speudas that cosurzed ia thase estuaries., Thay 4id ast
ootur &t Yall and Thostappilly. 2. sishons wes Whe
comgn speaies and thedy dietridution was similar %0 What
of hySwenatuses (Figs. 13+18) bedng ehundant Suring high
saline months, Jeak shundence was Boted ot Daypure
(3226/10 »7) and Kerepusda (1936/10 o) in Agril, This
spesies also coourzed in large mmbers in the middle and
wrer roathes of Coshin baglumter systen during premsnsoch
poriod, (Fuxtmom donsity « 2180/10 »” in April st Seatien
4).
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REaa spe was chontved in ssall mmbers at

S.8.4. Shanhamaaiba.

™his group vas commen in the astwsriss during the
saline peried. In the Ceshin Dechwater systen mestisum
sbundenes of Chastegnethe was noted in My (300/30%) .
Your spavies, S0aiSa saflats £- hadntl, 8- amainia end
3+ zbuaia were 16mntified from this system. Twe mee
mwbmum%gmm
Sresniveagun, 1971}, OFf Uw four species sncsuntased
S+ Dadoki Wee the moet comzen with peek sbmdenes in May
(190/300). . snflale wes more commca Guring peste
memsoon menths (menimen Gmetty 60/10n% in Deceber -
Pige 18)e  §. SERERSA Svposred during the peak saline
menthe of Mexeh end April and denineted the chestognath
population $n this puricd, §. ZSluNka wes chessved in
June aod Desssber in small nusbess,

Dusing Whe menscon the chestognethe vare washed ous
of this estuasy. With salinity sGsevery Whay sgpoesed
at the mouth 4n lov mmbers by Nevesber and gredually

spread further Sewasds the head along with ¢he salinity
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fncursisn (Fig. 17), By Agwil Uwy wore present 8% the
twad, theugh in low sumbers,

Chastegnathe vere jess shundant in othin estaanies,
They were tetally sbeent at Thettappllly and were peerly
represented at Xallais amiian saflata et 4. Dadeti
wvazre ¥ o spesies commenly chearved in othar sstwaries,
Ia Newndakess eotuasy 4. Dadahl wos the cuwnn apesies
and comrred throughont the yesr ansept Jammery, Ame
and Desanber Wil §. safials vos cheugved in lovw muhess
Guring ¢he postmonsosn ssasen. J. SSania we sSescaded
fyom Whis eswmary in Agwtl. £ Jadighi eeowrsed in ald
the monthe eusept during $he 2ov saline pesis & frem
June o Ootsher o8 Seypose (yeak density - 138/30w” in
Jaueny - Fig, 20) end in premcascen menthe end Jvne ot
Mehe (geak dansity = 372/10 in Aprid - Fige 30). A
mg.m-—umwmm
e prencaseocn viiils §. hadngl Seninoted Guring pest-
maneeon, £.. 0000000 cosursed enly in & esupls of menvihe
ot Buypene and Make, The twe epesise ware pressnt in
Aguil and May st Veli,

The Ywes carmivercus grougs vis, hydreamnduses,
ctanophwse and Chastoguathe Segether constitubed enly
430 of the sl sseplenkien sounts, Neverthaless, &0
motionsd sariier they have peefound (nfluense on the
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populstion of ether ssoplankten groups, sspesially
Copapoda,

Chastegnetha are ensingively merine forws and
mmmmunmmmu
estuaries sre comuon in the inshore weters of Sadia,
Howsvex, the species Sasitta Badoti Mes been ehsssrved
%0 bosed 4in the Coshin bechweter eysten during high
salfne pericd (Naiy, 1973), This species is by far the
oommmest ¢hastogheth cosupring in the estuasies., In
the Ceshin dasiamters, £, gafliaga wer mave shundant in
postasnsoon sesscn whasess . Dafiogl doninated during
oarly grenmsosn, In the peak saline pariod of ‘aweh-
April §. SERSRIA vor the dominant fesm, Ho sush eleer
pattarn in digtwibution of chastegnathe was discurnible
in the other sstuaries, 7Ths Chastogaatha somrring in
the astuasies are prubehly enly antensions of thedr papn-
iation fron adjeining inshore waters end the ¥hees Semmon
speties yesomded in the estuaries age ebwiously shis %
withstond some salinity vasiations. §. safiadd 8- Dadatl,
ad £, aienis cosuzred, albeit ssently, in sslinicies
s low ad 17,0, 0,5 and 1 3,08, Nespeshively,
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42,8 Shadomma.

fhwes syesies of Cleosers, Byndos Secmnshing.
Zailia SEAmaizia e Paden MelTshemaidsg vers
zesceded fyen the estuaries of Farela cosst during
Whis stuly. 2. malrshemaideg ves chessved enly ot
Xallel, Seypose and Veli in emall sushers, The
aistriiution of Cladosars 19 the estuszine Systems
have been Alscussed eerlier by Medhwgwetsp (1963),
This group wvas usually obessved in the moneoon oF poste
monscon monthe, Memimum density resordsd wes 3420/10n”
in Nevenber, In other estmaries slso they hed & siadler
distribution and vere found during the lov salimity
paried (Table 0), encept at Raragusha vhese R, SaEESaling
was cheesved in April in lew swbers (/30e),

Cladossse forn & doninant compenent of e Lismegtis
asoplanhton, In the csens Whey often hlecn inte lavyge
owarns becanse of their ahility to reproduge paFthenco-
gwnotiselly, The thees apecies cbeerved in the estuaries
are essantially naretic and ale sammcn in the ecastal
and epuns wvaters of Indian Oosan (Dslle Cyoer and Venugepsl,
1973): Dot thay were wsually mot edessved in the estus-
ries Awing Whw high selins premcnscon monthe, Theis
presense in Whe estuaries i very lev salinities s
thesefcose surprising, Clafooats vere presenh in Uw
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interior parts of the Coshin baclratess Quring the

low saline moasecn peried, alleit their distridetion
being dlsomtinnous both in spate and time (Maddw-~
pratap eod Haxides, 1978), Sisilar chesrvetions have
besn madle by Naixr and Trentsr (1971) in the Cechin
backwotars and Cesvend and Selvekwsar (1977) in Mendovie
Suari estuarise of O¢s,

Fosk popuistisns of cledoserans have beoen gegosded
aleng south wst esent of Indie Suviang Sentinest moneecn
svsstn (lagides 9§ alse llc"lglo). Selvekumar (1970) cheen-
vol diafipmesrsn swarn off Ges in OOcbaw assceiated with

& ASaten paalk, t

Pwdr shundanos i the esestal waters slsag the
west coasth is however mot Sestziswed S0 the memsoon
paricd, Devassy g§ al. (3979) hove sescaded eladoseren
owerne off Gos in Agril, Turvshen gi ale (39M) chessved
aledoosrens % be sbundent along south weet ocoast of
Indis in Pebguery-April. A owatm of Jnilia avizostxis
assosiaved with blue gresn algs Irishodesmiin sod
Possoped CEasain ARisla hes besn yeported off Ceshin
in lupeh (Sakthivel and Marides, 19M),

Curiovely, the sladosersn pepulstion in the inshaoke
vatets Guring this paried 414 not penstrate into Ww
estuasy sven vhan the salinity wes as high as 3O,



daring poah prencascon pevied, Wiskstead (1963) had
segossted & selatien Detvesn disten conseniestion
onyoun level anéd eladoseren shundenve, Assosistion of
Cladomrs vith yhytoplankton espeeially Glatems is
fatrly wall Jaown, Aleng ¥he vest coast of India
theps is & genarel outhigrst of ghyteplankton with the
out haeek of monsecn and astesiated deasease of saliniby
(Canin gi 2o 1972),. Conpetition frem otiwe seeplenkton
erganisns whish Whwive in shundengs during the sealine
pericd may be sestricting the cosurrence of eladossrans
in the esunries Guring Yhis seesen. But duwriag @
monsocn yerisd exygen in the surfese layers incwessss
and thare is & Gogresss in 1w sesplankton abundence

in the ssturics (larides gg al., 1973 Reo, 3977),
This and Nigher yrineey produstisn (Oesim, 1970y Devassy
end Bhattathirs, 1974) ia ¥ esvmaries &uwing Whis
poriod mey fasilitete the vAsbiiity of cladecarens during
low saline pested,

438+ Sixnandn.

Seoebaatis aRlania veo checyved in wery lew
mmbers at Neosndakars and Oeshiia duriag peak yremsnsecn
momth (April) vhen the salinity wes very high, T™his
speciss 15 & cumncn neritic form in the seulth waet ceast



«158s

of Indta (Juned Osorge gi als. 1978) whieh peefess
salinities Mghay Whan 34%,, Their pretenus in thaes
ostuanies may e scsidantal, Othesr fresh weler
ostzenods wvare aloe present ia the sstusries during
mpieoon pawiod in ssmlil awmbers,

4+24% Sasanada.

;| e marine and sswarine scoplankton sepepeds
arustammens play & vital rele in the fiood chaln of Un
the Wwidge Dotusen the primsry and Gentisxy lavels.
Howwver, sany sopepods afs ennivoreous and same are
mown: %0 b8 cusnivorous, Copopeds csnsists of thousande
of specise, dut in estuaries 14k other faua enly
hoes afispind ¢o this flustusting eavisvammt thorive,

In the present sty Copepeda esnstiwmted 67,7
of the sl cownta; Calaneid copepeds scnstituted
he majerity of the souwnds as vall as spanies Gonpe-
stisien, The batiwetaws of Cashia sustained a Mgher
omniiag stook of Whis grenp ommpered to othar estuaries,

Josk shundante of Cepepeda was 1R most Guies
Garing Whe presasowm esyecially in Agwil, Wide
waristisme existed in their dmsities Guring &iffurent
sssscns {Pig, 23). AR Cothin mudan shundencs was



e

ebeseved 1a Aprid (98,900/10n") st mintmm (30/30n”)
in Auguet, In other soweries Whe mumber of spesies
and thaty dengities vere mush less esmpered %o Ceshin,
Aumma) svereges (Teble $) showed that Xallaf and Mewee
pusha estuesios yenhed nent (sexisum Gensity - 33,93%/
100” at Rallag in April and 8,488/30a’ et Ferapushe ia
my), bBistribution of espepeds wes ales simtlar in
these twe estaries, Duriang the peak of the menseon
poricd cepepede ware 908ally sbosnt ot Xallal (July and
Asguet) and Xesepushe (Awguet and alse in Nevesber).
At Baypere this group wes ahemas Guring the lew saline
menths fron July te Sapenber, The highest density
mmmuwtmm’u Cagnpeds
were genarully pecr ot Mahe eatvuazy alse (memimmm
dansity = 6,739/10n° in Agril) and were shesnt during
monsoon pavied, The distridution of total Cepspeda
at SHesndekars estuary had & @iffepent pattesn (Fig. 31),
During premsnsccs period they esourred ia lew dsnsities,
During ¥w moatesn these was & general incresse (bus
Jovest wvas sessirdnd in Sepbenber) and registesed a
amtmm (2,563/1007) in Desmbar, A Veli highes
shundanse of copepolis wvas neted during Apeil/ "y
(nantm demetty « 6,370/100° in Apeil). They were
sbeent during Auguet and Septamber, Cepageds wvave
pecrly sepresented and gunevslly congwised of lew
saline spenies st Thettagpilly ameept ia April (mestsese
Gensity in Cetcher - 963/10w7),
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Mot sanber of cupeped spesies was shossved
in Cashiin U8) followed hy Nesndakaxa (39), Veii (27),

xegepunha (33), Xallal (30), 'ehe (19), Theteappilly
(19) enéd BDaypase (1Y),

Theee vy enalysis of varianes (Tebls & D) wee
penfconad for the 13 cumun eapgoped syaciee W fiad
the signifiowmt varistions in thair shundetns sves
mnths and avess of ecellestione, AMEEEiS SERiENER
was sigaitioantly moet sbundant species fellemed by
& spiniosnds. Lexesaloons almidis. Amaxia Mishata
end Dpndodiantomns MEEionMiaing. ‘tnimwm shundence
ves shown by the medium saline spesies 11 gagkis
almoass Msaxkialla Maxnlansiar the neritis espeped,
KNS sxXhEaes and the low saline estusrine espaped
Asaxsislls sEamalyi. A Sree pletare of the sbundsoes
of the mains sad lev saline forme @0 Mot emecge sinee
the collections vare made st the mouth of the esteeries.
™he ssasonal csllestions made in the midlle and wpper
seaghes of ¥ha Coshia bachuaters shew that Wy dminste
these sguas for a lang paried in the snmmal eyele,
Howevar, st ens time or ancther along vith thw yains
and consequant salinity veriasions all these species
shifs to the mouth agea of all estuariss giving a
fairly good idea of Wheir prefecsed habitsts, ™e
posk saline premsntocs month April shewed maximm
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shundanes of eepeped fellewsd by Decsnher and Jay
and ainisam vas choagved in AMaguet, Septesber and
Jaly, Ceshin basiwatess again had highaet copaped
populstion and Thettappilly renked Lowest,

The Alsteibutisn of cemven spouins of cupepode
in different eobarios is given in Fige. 2387,
Cotarrence of sther syseies and their shundanse abe
110008 tn Teble 6o

Fomdly Acuntiides had the mandans diversity in
theee sstvariss, Tun spenies helenging %o Whis Samdly
vare sepopind, Jemily Pusulodisptonides renind nent
by having oight spiates, Ouwe fanilies sepressnted
had Jesoer mmber of sposies end WOEe Nele Cummen

during hMeh salinity vegine.

A Sotal of 51 spssies of Copepodn delenging %o
4 gmmoze ware shessved in the estnerias, Calmmeid
copapolls camprising of &3 spenies belonging e 13
fanilios constitnted the mjority, Six spesies of
oysiepeids dolenging % 3 gomare and 2 goers of
haspastionide sepsesented by a spesies cach censtitated
ths semining, About 30X of the species comusmed
sporadienlly er in small swsbess,

Mntsun spoeies apesvblage wee chessved in Ceshin
basietons, Ansng Aswrtiides, AGaESiA SODARNER.
& Mishata =nd A. guinicmids wvere the most shwmdms
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hed mure or Jese sindler Glstridutien (Pig. 33 A).
They sssuzved in the siédle reashes of Whe estmary

in pestasasess nd sigly premonseccn peried, By April
these spasies penstrsted inte the interiess aleng with
salinity ressvery wnd eould be tresed upto the head
(ig. 22 B ant C),

Aeaxtia magifing wd ). gamiiamlll were alve
prodaninently high salise forms csousring in thess
ssasonde But thay were namerisally not as sbhundant
ot the sarliier giowp, Also, thess e spesies shewed
S soue oF 1ees Festricted distwidbetion and €14 net ooy
boyend the middle soashes. ). sEXiRENgl o4 . Dandismne
vare Zeoepind 1a fow mmbess Auring the peek salinity
paried, Their coturrences were sestricted %o the mesuth
aren:; Soth are Wypleally mrine fosns and wihile

A SEXIbEENS 15 mewitic, A BASALENNS 15 sn essmnis spesic

The Gistridution of $hese high saline spsaies of
Aswrtiifes in other sotuarriss is move oF Jees similer
as Whet in Coshia beshwsters, . SERSENES A ARMBLA-
sanda =t A Mlaaia veve the commcn spesies cosurring
Gwring W0 high saline memths, In gunesnl they were
sumericslly 1000 chundant then in Coshin Deghwatews,
A Nesadaiuse A. SRIENES o present thecughous the
yoor ansept in Angust. NMigher numeriesl shundence



=809

was chaayved during the pecstmnsven Ghen premsnscen

is this estusy. J. sniniaanis cosurred in canpe-
rotively Llesser swders and was ahoent during early
pronsnsoss end pestmonsecn (Fig. 33). A. Milskata
did oot shew any esnsistent pattesn in 108 distridution,
Thess Wres spegiss were sbundant st Xallal and Nerspushe
during the pramsascon and pestmonseen pasieds (Fige, M &
28), Higher sbundanse of these species was noted only
in Agril at Yalw end in Ngvenber ot Beypase, Their
population was poer espscially ot Malw during ethesr
mantha,

Gthar high saline spesiss 1ike Agaxtis sasifise
nd § SEYIDERSS esouEsed in Jov munhers in these
estnenias in differvot mmthe. . apilamlll eowarsed
enly &t Mahe estmasy in Nevenber,

AmaSia xlamcas o4 Jaaxhialls Mesalangia wese
eposies thad cosursed in mediun saline conditiens and
vare shoent 48 the manth of the Cechin beskwetesrs during
the gruneasoon peried, They showed a sindlar distrie
dation, Duriang pestusnsesn and early prenmcascen: menthe
ey wse Ww doninat cepepeds in e aiddls seoashes
vhere salinity values wvere soughly betwesn 10 and 20K,,
As the JRGIIREStR Setsch Jregiessed end salinity valwes
in Whis sepion inavessed (Fig, 4 § « salinity distwridution
April) Wheir pepulstion mucias shifted ¢ the head segion
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where the salinicy ves eptimmm, By July vhen seliniey
vas near 9ero inside the estuscry they vese completely
sheant, However, Guring the monsecn period they wese
presstt at the nonth ages where stratkified wvaters with
asdiun saline eonditions cosurred. I8 may be mantisaed ot
Guring postmantooh and early premsasecn seasons Wwes

e spenies fexxad the deninsat cupepeds in the interiesr
seglan of the bedlwter syotan,

Asegiia slumess eod Jesstislla Mesalemsis vere
chourved ot Masapusha Guring Jmse and Cotchar, Seth
were moge sbunient in e (Gemstty 1793/10n° ant
3503/300" vespostively). AS Kallst 3 siEmEE Vs
choacved ealy ia Sevaber (19/30n) end ) Jaxalemsia in
Jme (953/30:7). They wers shosnt o8 Beypere and Mehe,
M Nosnfakere $hess Svo Species wele ensountened enly
Guring pestmensen poried. Moweves, the chessvestons
o8 W2 meuth of Wese rivers @ Nt nescsserily reflests
the Glowridution of the sediue and lov galine spesies
Sovards the Snteriers,

AmxSialla suxzalyl is & lev saline species and
thetved in the estuesy during the monsecn: paricd, A
Cothin this spesies thwived Shaeughout the semany dwring
he ok paricd vhan the estusgy beoame fyesh weter
Goninated (Fig, 22 C)., Thay cutmmbased ecther Llew

saline spesies of families Disptamides {inlisdisntesme
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siosihm 2 Alladisntenss niahilingg end Psouds-
disptonidas in this ssason, lHowver cepepsd abundance
is far less Swring low selinily segire cenmpesed %0
saline period,

A SEENALYL cesuszed st We mowth of Kovepushe
Gensity xesordsd ot Kowspushe wes 1794/30x" in Coteber
st MYV10s® fn Jene ot Fallai, This species was met
cbesrved ot Nesndadars, Beypese end Muhe,

Fandly Nooudedisptenides had oight spesics in Ww
estuarine veters. 2. msxissndatug o4 2. japaad wese
the enpen hgh saline Suins, The o spasies catuszed
ia higher shunfanse ot Coshia and showed less tslerense
% Jower salisitics. 2 saxsigandiing secusred ia
othar estumios alse duping the prosumesch and peste
NONGSUR Soesuns, AL Nesndahice estuary Way wale 1eee
shundent uring premcasocn and setuzred in hMetwr din-
sittes (3911077 1n Secenhes) during postmcmscon. AN
Xereguuha, Xsllei and Beypate also they wese chewsved
éaping prencnsecs and postacnseon, Owher high saline
spogias of Whxis goans that vare found in thess webtars
were D, sl o4 B gupixdlll. Do maxhand v & s
sessrdnd enly ente from Coshin Dastweters, They ceswrred
neee fyequamtly ot Nesndalers end Xerapushs wviile
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2 amivAllA freqesnted Fallai end Suypese estueries
(mantirem density - 1226/100% in Aprt) ot Xallad),

2 aininlsl ekiditved a vide senge of salinity
selerense (0 = 33%,) but preferred stretified waters of
the eerly premsmsecon, mstgock snd pestasnsecs, AS
Costiin thay somered theeughout the year at ths mouth
sogion with saxians shundmoe in July, wvban ¥he msaseen
wves o8 1% posk and the surfase saliniqy feil to ness
sene valuss, But this spenies was abeent in Agril vhen
the veter csluom wes verticslly hamopineoss, 2 spiee
of e wide renge of salinity Solerente ashiddted, 16
wetar conditisns ypreveiled, A4 Xesepushe and Baypore
Whis spacies wes present enly ia Jme. AL Mehe Vuy
vere chessved in March 1a hich densitiss (S45/20s°) ant
alse in postmonsecn. At Xallal thay appessed in Yayeh
and Yy eod cosuszed b sall swabars ot Nesadalata
Guring early premsndecn, seneech end pestmongect meathe..

& hinshani malsxalan. 2> Sollincexss end Axghi-
Alaniouus SEResus vete the lov seline spsciss helonging
to fanily Jocudodiaptenides. 2. Rinshaui EAAAYRINS wes
ehostved at Coshin end Kallsi eetsaries during the menssen
peried, Jumimen Gsnsity 213/10x" was noted st Xalled
in Juns. B Sallingases ond AFghidiactiomin AEROSHS



ol

wige chossved Qwing Sepbenber and Cotober suspestively
in ammll smberse Thess o spesiss wete not ensouwnd~
ered in ether estuaries snoept A, AXNOENR Which wes
reosonded enee frxom Thetteppiily lake,

Youn spesies Melonging % Nsecelanides nesely
Asxvanlonns alndlise A silbas, DEanlanns SERARiESSSEiA
and P agilostug were enseuntaged in the estuasiss. AlL
wt A gilbes were chessved in high shundense in Ceshin
baghomtese and Whwived ia the lowe and sidile Zeashes
Gming the high saline monthe.

& ainilis ves comon Gwring high saline memthe
ot Nusniindase, Milei, Beypore and Jebe sstuarise, AS
Nestndedure end Seypore this spesies coturred move
shundantly during the pestasnsecn. 2. saniaaiug
ootuEsed mage freguantly et Seypore and Xallal ertuawies
end sparsely o8 Nesndskage end Juhe, Both the spseies
estusred enly in Dessuber ot Vawepushe eswmey. A. gibbag
wae chossved in emall mmbars at Nesndakers, Xogsupushe
and Made estmaries ia Desmbep, Unlile families Asap-
tiides and Posudediapionidas, fomily Farscalstnides has
20 low saline sponiss cuswrsing in the estwaries,

the other eslancid sepepeds vhich comusred in e
eotaigiss wvere meokly suwryhaline marine forws helenging
% various femilies 1f%e Calanides, Susalenides, Centye-
pagidas, Nntellides, laciowtiidae and Temewidase,
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Waile aome of then cosurrad up %0 the niddle resshes
of the Coshin beghwvaters Guring Mgh saline pawied,
moet onourred enly 3¢ Whw meuth ageas, Aumng Yhem
iebidomen seshinaie =0t Sanirenanns Alonsld were Ww
spesies whiish wese comen Guring the premonsoos in all
e estuarios, They weie 1808 telarent to Lowvep
salinisies and hanes vare net chesrved beyond the middls
seashes of Coshin bagiumter systen. JARMMONAKE AMMS
vas sesorded in smsll aunbers ot Couhin end Buypose
ettuagties Buring May end Junuasy sespestively, Other
spesies bulonging 0 the gurms SepALERASRS Semely

S Smeaiul S+ Samnizenia o4 S. SxAmpinagnE wese alse
roserind fyom Coshiin and Nesndeluss duwring high saline
ssmthe. £ 20ENINERiS cosuered in higher daneity
(362/300") o8 e mouth of e Coshin Dashuetars in Mageh,

Spenies 1% Repalisns sonastass Sndbeanlsnun
sanes, Iiiania mlcesias Salimania allintisn vhieh ase
otuman in Gotsdal vaters wade chasrved at Coshin Lermsuth
Gmring high seline senthe, 1. panasbin 4 XK. akbensaius
wvene sesendnd ot Neendshesre Guring Agril and August in
Sov mbers. Janieutia SavisEnise wes secowded from
Vesndalugs in August, This is en esvanis bellypelegie
spesies and 48 prebshly ewsried to the esastal webers

auring the wwelling pexied. Jonann NEbiasha eod
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£ aadifens vere enceuwntused of Coshin end Xaewapuahe
during Januery and Nevenber, 2. atxiifagy evsurved in
higher dunsittes (139/10n7) in the Cechin heclamters
in Jumeny. 2. RERINGSA wes pwesent ot Neandsluge
ales in Museh. 2. Shinala i® nowm %o fopm lapge
swegrs ok Sies 4n the esartal vebexs (Masides g% A).s
1900) .

he ayciepoid capepods in these waters insluded
five spssics of the gunus Oifhena nenely S. RERA
2 Meless O Ziside 9o husviessnis end 9. sinwifass
i specties of Capxnosud. SNERA 0 Sapchizing. Ameng
the geems Qithans, O+ BERA 4 Q. Dakas vere more cammen
and ehiidited tolesence % Jewer salinitiss. £. plami-
faga = foups op. were ¢hessved ot Neandadaps Guring
Mereh. Sapvessua oot Saphizing evpe. sssuzyed at Ceshin
in smsll wmbers Guring the high saline mesthe. SARFRANNR
ope was chourved ot Nesndelnss astuary also daring seee
mansoin and pestusnsesn pasied.
end Jutaxning santifzens weve chossved st Coohin and
Nesndshkave estmeries. J. ASNSALESUS is & cvastal
spomion, The other is estmpine and ehibit wide
Selesunes %0 salinity veristiens. Marassialla skacilis.
snother neritic harpastissid Olarides and Ras, 1903)
cepeped of the coastal waters wvas enes chessved at Mahe
estuany Oaring April.
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Sessante_sf. Yeld.sod Thehbeuniily jadent

Capopeda whiich conetitnted §9,08 of the teteld
counts of seoplankton st the Veli ladw wes the dend~
sant gRenp thwougheut 4he your exeept in July. Twamty
soven spasies belonging to 13 geners ware shausved,
of thamy 13 belonged ® Calmnedds while Cysiepeide
ad harpasticeida shased twe essh,

Muntmm density of copipods in the Veli lake was
nottond Guring Aprsl (S370/10x%) whish foweed 0% of
manthe the mubker of cepepeds Suinfled %o 13,78 (in
Mly) of the Sekal sanbewys. Copepeds were sheent in
Agast and Sepbmmber,

Duwing Jesmary end Pelwuary when 9w surface
salinity was apound 3%, and betten salinity wvas 18X,
ospuped founn was & mined asswblage. It comgrised
sainly of asdium saline spesties 1i%e jeertis slumess
and A JEAlanais nd lov saline spesies i Amxsiella
samn sixshilises oot Halisdisntesus siogingn. Moh
saline spectias 1te AgaESis manizuss and A suinicsnda
also comirzed enly in small mebers. ). SEMESIXL
showed meximum sbundense during Vhis pericd (358/30"



ol o

in Swuewy). Iesndediontams soasndaiad wnd haspectie
ostd HiSonts sainizes were aise chearved,

™he botten salinity in this estuary wos around
33e fyom March o My (Whe surfase saliaity wes still
low, Detwesn 0,7 ¢0 3,3%.) end 1¢ fell 0 2,86, in
June, Howewer, during this period high saline spesies
11 Sonbia aantEnga o A sninissnds O sEBDERSS.
A megifise A hilshate, Aexooalans sistlis. B i
dassus Scohroneces Alscaki. Meandedisshama assziems-
fatase 2. Somssd. B sexivilli, Temexs stylifexa.
labidomca maahingta. SEETYONGNS O9.. QARNEA Dang end
ESaragings MuSLAtxons deninsted the copeped founa,
Along with thess a faw low saline forme 1ide Iaendodis-
shoms hincheni salaxalng *=d 2. sopspdalal were alse
sheszved, Of thess, . sECiENEN & SRdRIOMMN.
& mailias w4 Mayosnlenns alsilis were the comnen
spotine, Thess species couurred in high donsicies
duping Mpeil and Moy, In June and July the salinity
of the watar cslum wvas vasy leow, Dut still high saline
Sorms 1000 A pERSERES So Alpakd, 2 aRiYALLL,
2 sssxisciisine P» muendalads. L DRSSIDARE svsvived
albist somtly. The lew saline spesiss P. hinchoni
Mlaliug wes also gsesent in July in small mmbers.
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In Cotsber and Nevesber enly medius end lew
saline spesies 1tWe Smexhialla salensin. O sEEPRLXL
and ANRRIA 2lMNOAS wese yresens (Pig. 27). J. JEERe
280818 cscurved in high dmsity in Ceteber (734/30w°).
Dasndodisnienns. sonsndalad wes also chessved in Osteber
(salinisy of the water column wes 0,8%,). In Dessaber,
the betten Salinity wvent uwp %0 23.4%, end the surfess
valnes sennined ot 3,80, Dut the eepaped faone
insiufied, in aldition %o all the high saline species
AaESiA nenlisma. Ractanne sEasilis. Asxosalauns sihbex
in Sov wmbers. JRoondedisntens hioshand malaralug wee
also present and shoved the manismm density in this
muvu-',.

Salinity was vary Jev at Thettappilly lédw through~
et the yeor (sanisum valuwp chessved was enly 1,84,
at suwrfass 40 June and 7,90, ot the bottanm in Jummazy).
T™he ceptped feuna vas comgrised of maialy low saline
opoaias balenping %o fundlics Acogtiides, Pesudodicphe-
nides and Diagtenides Suring meet of the anths eumept
in April (Table 7). ‘umimen Gunelity of capepeds wes
eboseved in Osteber (963/10n7). During Jumecsy %o
Mageh & misnd sssenblage of spesiss 1ide AaEtil SARSENER.
& balater A 2lumass. MESis)lla Mexalenalse b SRR~
izl =d hasdodiantomis Machani Balaxalig wee sbessved .
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Low saline spseies vere mre chundwnt ameng these
awing this pavied. 2. Madhanl salaralug shoved
menionn Ganslty (234/30x7) tn Pebwnesy. o Agril
higher saline speaiss 14 ) SIRAEEES. A« DALERRNS.
& mninispades Asssenlases sindlis, Deandndischenns
saszissndoings 2. aagivilll. Senduannens Alsoski sad
SA00nS DEnA feewed the bulk of the copaped fresticn,
& SIDAKNES Yoo eonparetively move sbundent in this

month Wi.

Buring Whe other momthe, ensspt in Jwme, July
and Noveuber vhen the copapedis wvere sheant in Wthis
lake, enly the lov saline spasies of the family Acessi
nd Pesadodisptontidas and spesies 11s jnliadischeums
siasts =4 Alladisctcans nixashilinng of Diapbemides
end sorms fvesh water Qyalisug sp. vore chosgved,

o siamtus sof ). pizshilicgs veve the esmmen spteiss
having mextams Gensities in Coteber (343/30s" end 383/
30u? sespeettvely). ANchidlsshoums ASRORES, & oW
saline Pesudodisptonid wes sescinied from this lahe in
Desonbar, This spesies wes peesent in the Ogshia
hagiamters also during Ostober

™he copaped fauns of the eight ertmaries stwdied
oongriged of 18 fanilies. Of thease spesies belonging
to Sumilies Asaptiides, mmum
calmides were the most somen forme and ferned the
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ik of the sopeped coupunent of the ssoplenkben,
Aoung Yhase Aeustiides always dominated the ssumte,

In the Coshiin boshweters, the thees Sasilies eonstie
wtnd 95.3% of the Sotal espepeda (Aeartiides, 63,3
Fosndodiapbmnidns 12% eni Purepalanides 80N), A%
Fawepushe Acentiides fommmd 80,40 follewed by Pesudoe
dlaphomidan (X)) end Seressisnides (2.5%) togethey
foruing 91.0% of the Wotal cepapeds, At Mallai these
Senilise contuiduted %o 08,00 of the el cepaped
oounts, Auctiténs helng 73,54, Neowlodisgtonides 7,9
and Paresalanides 8,68, AS Neypase and Malw Acurtiides
oonstituted enly 53,08 and §7.4% sespestively, Peesudo-
diaptenddos shoved s higher sonsentrstion o6 Mehe being
25.3% of ¥w tal cspupgods. At Baypose iS fommed 9N,
Fanily Paxesalanides eonstituted 20,85 and 8,9% in
mmmm 0.0% of Ve tetal
copspoda vas emetitated hy wes thwes fanilies b
Vesndskare, Asartiiden comtriduting 67,.0K, Seeudodis-
shonides 34,5 and Nresslenidas 7,7, At Veli ey
Sexnad 9.8, 6.7 and 9,7 respastively, tegether
constituting 05.9% of Whe total, At Thettagpilly they
omnstitetod enly S1% (Aosrtitdes 35K, Peswiodisptomidas
15,55 and Purasalenidne 0,3%), The zest 49K wes formad
by speties of the fanily Disptemides and some syulopodids,
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T™his growp incivded seetly spesies helonging o
Sanlly Cusurides wvhiile a Sovw Wyperid snghipeds
cotuzced in amil sunbess in some menthe, Baing
meetly banthic, enly part of the population which
pariedioelly sigrate 0 the water column is nemmmlly
seprosented in the plankton samples, Thay centridete
signifissntly %0 the benthes of the ertusety end have
bosn found o satue in lasge awmbers in suily asess,

Thies spesies, Sonmbing Sxissaonss. lite
saxdanias *od Mhatls digitata vere commenly found in
Ywes cstariss, £, ScioacuaEn ves the meet sbandent
epecies and the ether o Spesies were met with only
escasicmally, In the Cechin backweters, this group
was guesent Yhroughout the yeor and macismn dansdty
wes zoscried in July (360/300%), Of the eleven species
in this daskweater system csowrwing £. Stissnenyy is e
conmensst,; ahibiting & wide senge of salinity Solesence
(from 0,1 W 37,M,) with geak shwndance attained in
sodion salinities (Mair, persenal commmication).

M Raregushe, Mahe and Beypers thay were found in
all seesans, Mighest Gensity was cbessved at Mehe
(1000/1007) Sn Nevenber, They ocvcurred Guring pwes
mnsocn and monsecs periods only et Neendehare and ot
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Xalial duping premenscen end pestusnsecn, Thay wese
cboasved only in ssall smbers ot Thestappdlly and
Vell ladme, IMurugen g al. (1900) have secusrded ¢
spesies fron Veli vhese Hokis Sisitefa ves ¥he
shundent spanias.

¢.2:9. Semmaatiden.

Saiex densand ves the sommun sergistid encoun~
taved in e estmaries, Nigher shundanne wvas always
noted Guring Whe high saline semthe. A Coshin and
Nesndukaxe it cosusred Wigenghout the year emoept in
one of two months during menseck and postmonscon peried,
Maxisom deneity of this speeies at Ceshis wos 340/30n"
in Wy end 727/10n° ot Nemdehava. Amsther speeies
le SEINE WS 2150 present in the Ceshin Bagiurtess,

Tt vas present only from May %o June snd meieme density
was cnly 80/30n° in Ajeil. This syscics wes not reswrded
fron sther estuaries, During peak premcnsgocn pecied
(Aprid) L homianl weie present upto the heed of the
Cochin Doiombess. Another serfgestid, JORtBS Sp.

wes aloe presant during Yhe PEGNENECORn and MERSUOR
monthe in amall ownbers. e DERSSGEL Ned & mowe of lese
sindlep Gloteidution in the sther estuiries with higher
shundwnoe Guring the high saline peried, IS was not
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chossved in these waters Guring the peak mansoen

poried, Itaximsm shundence wos chossved st Deypese
(2000/300" 1n Jay) whem Whey censtitmted 39,3 of
the tstal seoplankten, AS Xallafi Whay ecosusred in
higher shundenes (1328/30n”) in Apeil. 2eades *e
vas cboorved ot Yeli 4in amall mmbage in Sapbuciber,
J» MRERS. was cdosrved st Thatteppllly in veriocus
santhe,

G230, Jisidoman.

ecalsbibalans jadiang wes psessnt in vy
small mmbuws Guring the high salise months in the
Coghiin Dacdamters and cnte ot Veli lade, They were
net ehessved in the other eotuaries, Lile aghipods,
w distridetien pattern and shwdanes of Nysidensa
omnot be gunged from their ambars in the pesesnt
collestions sines thay ase astively migreting foswe
and wseally esae %0 the sslmm enly dwring night,

42,13, QENE.

Nwiher denthie growp, cetasienslly found in
plankton esilestions, omnesens were chowsved in all
the estuarties in smell numbers during GifSesent ssesens.
At Kallai, Ngrepusha and Yahe they wese chesrved onse
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éuning the premenscen peried, At Deypere Vwy
cosursed Guring April, May and June with sesisum
Gonsity in Wy (144/300%). They were present st
Vel @t Coshin estusries enly during the msuseen
oounen, Mutsmn density aotiend ot Coshia was
1571007 i July. They cosvsved Guring prensnscen
and nonsoon perields et Vesndahaye - mantmm Ganglty
choseved was 30A0" 1n Amguse,

4.2.12. Zasmalne

These evpnisns coturred in very small mmbess
in the plankton semples collocted from Ceshin end
Newapaaba estunries, While hay ware checsved more
frequently ot Coshin Deckwetars Guring mensomn and
povtmoncecs geried (nexismm Gweity 313/10s° in tay)
they were presunt enlf in Maseh ot Nesegushe (8/10w?),

4s2:33. Dmashebunia. loxves.

Dosaged lasves constitwted the majerity of
isvertehwete lagvee in @wes estuerine wabars, They
senhed aant % copapeds in overall bundence of Seee
Naakien ia the estusries (0.8%), Thay foumad 17,9%
of e S00al anmval counts ot Mahe entuesy Sellewsd by
Veli (15.6), Beypese (34,M), Nesndadase (11.4),
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Milat (9.3%), Thettappilly (8,0%), Ceshin (V.0)
ond Nowegubhea (7.3%),

Sess Jazves were very oummen and cocusred ia all
the sompons wvith pesks wsually during ¥he pruNsRsesh
menthe, ensept ot Beypere and Nesndahars estussy
whete santmm dnsity was chessved in Decenber
(3334/30” ant 260/10x" respecuivaly). AS Xallal and
Veli mesdans density wee ia My (14717300 and 8502007
sespestively) wiiile £ wvas in Agril ot Nuseguadv and
Mehe, AS Coshin they wess chesrved thweugheut the
yoor emoapt in My end July with nemismn density in
Pehwwsy (30/3007).  Sess Lerves vare quite Sundent
1n e widile end eppen seathes of the Coshin hechweters
in poe and peSt NENSOOR Beascns, AR Thottappdlly
monthe and aleo La Auguet and Decenbers

lasves of panaeid snd eegideosn dcoupeds ot

various stages of Svvelepeent vese gresent in tYhase
wvaters almst hweughout the yoor, These incinded
the Larves of the eomareislly fapertent speeiss 140
Jnaan jodisnss Mbemniens falnands - BROAARSS.
Be affinia Deanchenchise tessnbansll and ). AdallAe
HMoher chunfense of Whess vage noted daring the yee-
ammescs and pestmensoon pexisds, Thay wese mode
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sbandmt in the Coshin bagtwmters, end meximm
Gmusity wes yoscrded in Deswsher (¢090/30n%), AN
Seypese alse higheet Gensity wes in Whis menih
(100/300°), (Pigu. 13 & 18).  Migher densities ware
hearved Guring the gremensoch peried ot Neendalees,
Kewapunha and ahe, Thees Jesvas wvare gheatved in
small nusbers ot Thettappilly also theeughout the year
ensaph Ngvenher) .

Alfsn Jarves of squills vare peesent in amall
wmbars o8 Coshin, Wesndakere and Mabe sotunries,
wring the yremsnscon paried, Jagtleps lagves were
chosrved in thess waters during this yperiod and alse
in siightly higher mmbege in Auguet ot Nemndakage
(61/30s")s  Tglleseus 1esves coourred st Nesndehers
estuary in Ageil (30/307 - Table 7),

Cizripedy larves ware pressnt in thems estNaries
ensupt 8% Thettappilly, They wese present theougheut
Ganetty « 360/30s" 1n Peluwesy). In the other estmaries
md Jumns, Hghtet density was in Nallal eotuatty in
Aprid (3400/20n%). A Suypewe, Nesndakere and Vet
they wvaire gecrly srepresented,

Niychasta larves sesurred in all the esbmarics
in varions parisds, in aall smbers,
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Oyyhuaentes larves of Nnyssos and astinotrosha
lexves of Muwenids osuurred in Jow nusbhegs ab Coshin
bagdvetors Suping Apeil., Piuteus lasves of Sehiine~
desmata vere chosgved ot Xallad end Mehe estuavies
Gaxing tuwch, Idngula lagves of Bwschispede wase
present of Nesndshara and Jebs in May,

4.2.%4. Zish.agms and lARYER.

Fish ogps comunly cosurred in the estenries
enoept &t Thottappilly, Thay were wsually spexee
et the peek of the menscon, In the Ceshin Dashwaters
fish agon we chearwad thecughout the yeur enoeph
1a July end August. Jaimmnm dmnsity wes 420/300°
in Novenbew, AC Kallal, Beypess and Mube thay were
presant in all seepsms, Maniman density was chessved
ot Kallat (308/10n3) in Maweh,

lanves of fishes mainly beleaging S0 4w Sanilies
Asbassiden, Mugilides and Ochides wore Sownon, They
ware choerved theoughout the yourr in the Ceshin baake
weters (memimsn density 820/30n7 in July). They were
heed Suring e poak premonsoon monthe, At Eorspusha
estuasy also Whey ccourred zound Whe year with menfswm
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Gensity (307/100%) in Desmubes, The larves vese
gresent Guring all ssesens ob Nesndshars, Kellad,
poak density veried, They cosmrred in small mwbess

$o2.35. Ammndisniaxia.

sbeent st Veli end Thetteppllly lake. At Ceshin,
thair highest sbundanoe wes notiesd in Fehwuamy (98107
100). They wese cbessved mowtly during the gwee
mensoon period at Xaliai, Beypese, Mebe and Newepushe,
Wille they ware sere oonmen in the Xallai estmavy
(mesciomn danetty 703/100% in Ageil), Whey cooursed
enly in anall smbers in ethers, Thay ware alee
ehossved in tovw mabers ob Nesndahara Guring easly
premonsesn {(Janwery), meneeon and postmonsoun period
Mevenbesvissenher) .

4.2.3%, Ialiacnds

™halisess wiich is ovmen in serine ssoplenkten
age wually sparse in the estuariss. The salp Zhalis
Sanamnhisn ws soticed ot 8w weuth of the Cochin
backweters in Mgril, Thalisces 444 mot esour in
other estueries,
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¢.3. fSmamal. dlasuanien.

™he sstplankton of the srtunenies comprises of truly
esturine spesies, curyhaline merine forms and & fov
stanghaling marine and freshwater speciss, The lattes
e are enly stragulers indo the estmaries, earcied by
Yaves aF SurTents, SRl NUVEr COSWr in lagge mmbens.
On V1w sthay hand many of the suryholine sarine speciss
are shie to ¥wive in spprecishly large mmbess near the
lovar svacns of the esimaries during the seline peried,
Nevarthnians, there i ne mish evidenge to sugouet that
they oould hiwed in this aree sines Yheir juwenile pepu~
lation 48 vy levw, The entirze yemruitamnt of this eless
is probably fyon the adjeining neritic wvotars through
tidal curzents,

Amag the spesies whish eould be alessified as trwe
sstuepine foras, Yhret elines -~ high seline, sedium saline
and low saline gun be Xessgnised, This claseifisstion,
espauially seganding the high saline forms is semswhet
arhitpony sinte most of tham ehibit a wide semge of
salinity tolagense, Howwver, Whis grouping is based on
their chesrved abundmnes, and these specice cptur in
Jasgag webers in higher salinities,
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Seme of $hese high saline foums whish ape wlessie
fiod a9 Gvly estuarine estur in the Anghorw waters,
but in low ambers, The yprebable setses is songetition.
Guindlay end Vesldridge (197¢) Seund the salinity telee
senee of Nusndodisptanid syveties of Rishands Bay, Senth
Afrisny yanged fyem soar freshwetery % 60K, but peeh
sgvivel was ab exound 38%, salinity., Thay sontand thek
16 18 g salinity bt competitisn frem mgine crganiswms
et pevest then firos sutviviag ia the ssa, Thw adugle~
Sion of the estaarine fama %0 telerete exteens flestue~
tiens in ewizsonmeat allew then O flowrish &{n the
estaasy, Similariy, %w cowryhaline mewine epgeaisse
wihioh fueguant thete watese must be fasing ssmpetition
fren the esbuarine crganisns yestwisting Gwis shundense
duping the saline peried.

ne striking Mvatuze in ¥hw seoplenkien shundence
of the svtmarise 1s 1% MMegh standing stouk, sowmts ad
thus » high turn over ot secondarty lewel in gmaral,
cwpiged % the adjeining sea, The peak Booplankben
standing ayop and counts hessved &t Cestiin basimbars
tn Wds staly vas 0,8 siAP end 10630/’ sespestively.
In othar estuagies alse seoplankton stending 20tk and
oounts wee high Guring the saline peried, Subbereje
amd Wishnemurthy (1972) chesrved an averege standing



wt@Bse

steck of 3 AP (nanimm ¢ m0/eP) and comnts of
92,000/h” (maximen 206,000/’ from Vellar estuesy
uring sasms moathe, Orindley and Veeldridge (39°%)
Sescnded the Gmeity of & single estusrine supeped
Zamfofioztoens ShASMEL %o Meb as 63, 7004",
eontress, e ecastal weters, 1ot alens the epun eseen,
ave Lap less produstive, The msasal senge of soepleankton
Dienass ves frem 0,07 % 0,3 s/’ and csunts wers bete
ween 98 and SOMAP Sn 2 meershore exviremmat in the
sSsutitaest ssest of Indis (Narides g al.. 1909), Regeee
sentetive figures shew Shet the averags biamess renged
Dotwasn 0,07 and 0,08 siA’ ‘atr g3 alee 3977) e
0.00 8 03 A’ Olatr g8 gle, 1961) Sn W Bey of
Sengsl and 0,00 and 0.1 /A’ (Rair g% al.s 1978) ia
the Azsbian Ses, In the Andenen Sea the Fengs vee fyem
0.02 0 0o3 ni/’ and with gounts of 7 o UAP
(mdtwpwratap g% a)s, 1083),

The seal reasen for this snotmous diffewences is
08 prebebly @ %0 large seale varistions in yrimary
peodugtion hotuesn the two envircammnts (the aifferenses
in grimany produetivity of osestal end sstuaxing wetess
49 only musyinel, and not ccnsisent « ses, Qusis g8 ales
19007 Redbeikrishns g% al.. 1970 o,br Ehattetdisi g% ales
1900), ut hegause meny of Ohw estmaline crgunises e
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emnivesus end Soed oo &tritus and bastaria as well
(ooe Chaptar 8), Lazge quantitios of dntwites and
asseuisted hasterial flege ave ewsrisd/ywetuced inte
the sswmaries and feol is yrubably sover a Liniting
faster for ¥ estuariae seoplankoen.

Clinal changes sstenisted with seasons ate sueh
noge apparent in Vhe estuariss conpeted % meritic o
ossenis ewircnmants, Seoplamhiton stending evep i
high and high seline epesiss ape diverse dwring e
saline pawiod, I copepeds, shout 10 twue evtuarine
opscise belonging %0 femilies Acartiides end Fosudodine
phanidee shound in the estwerias during this ssasoa.
As the salinity incwessts fiwom meuth €9 head of the
estuarion, hete specios are able ¢o Lmveles and prupsgate
thesughout the astuaries, A fav spasies of the family
Peresalanides are aleo shle to Susssesfully Genpete with
these apesias but arve apeantially newitic fetwms, The
other sponiss vhish esowr Guring WVhais pericod ape SunRy-
haling marine fetws vith 1imited distribetion & o
mentioned saxliier,

on the othashend, spesies which geefecsed mediom
saline conditions were represented by enly two fosm vis,
Amarsia slmoed =nd Asachislla MSEAMRALS. Nevertheless,
they csvarved in lapge mmbage during $he saline period,
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Vhen Uhe mmnseons yeduce the salinity ¢o sear
freshwster eméitions, sespleniton standing erep nd
ORts aEe Very peor inside the estuaries, All Uw
high saline sad sedivm seline spesies ave totally
flughed cut of them, About § low saline copepeds
sepresented by the fanilies Risptonides, Jeewlediapbe-
midae and Aeartildes ssocur in W estusrics daring e
mengoch seesta. Mewewer, A gixtialla SEENElY) is the
enly speties vhich shov sune ahundance in this papiod,
But 1% poak dwnaities are asvhere aeer Ow dhundanse
showed by the high o madium saline spesiss. Othes lew
saline spocies sush 2¢ Inliadisniosns siasius Alladia-
shoms aixabilisns. Zesndodisntonns hinchamd. Balaxalns.
2 Selliagasan o4 JRhIALAN0MNNN AERMRNA cosur in
vary lov smbars,

Thme menseonal iamundetion, tidal incuwsion and
assonisted changes 18 salinity ave 4w main factuee
contrelling the sesplankiton of the sstmaries, Other
faskors sush ad enperetust, eNyoun contant and aved-
1abilisy of feod ape appsyently of sscendery importense
o8 far as trepisal estwivries are ctnsarned, The fnabi~
1A%y of e low seline seoplenhton founa % Wwrive in
lapger punbars duming the low saline piried is swprising.
It is probably besause thay ave not shie ¢t withstand
the strong euzrents mnd thess estuaries ate Jof virtmally
wanpisited ot scosndary lovel during this penied.
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Varistions of wide natbuve, both sessenal end
spatial, in ssoplonhten eswnts have bhoen repanted frum
ovtwe sotvaries sleo, Sesundary yprodustion is jaw ia
e jow seline secson cavpaned 0 the yrenmsecs yawied
ia 0 MundevicBuari estusrine system of Gen (Seivelusms
85 Blee 1900)¢ Nock popuistion ceowyr in sumes nonths
in Yollar estmaxy of Jerte Neve (Dubbasufu end Nrishoe~
mxthy, 1972) and thay cenclude that salinity and Saine
fall omtrel e sceplankton shundenss of thass webare,
Sisdlex chospvations supparting lesser sccplanhtan
shundanse during low selinity heve hesn made fyum amm-
grove envirenneats of Nurte Neve (Sundeserej and Nristme~
mrthy, 1901), Fesghly cotuary of woot Bangal (Seshar
and Choudhuny, 1961) end Xali esteixy of Xagwew (Kemmes
2 Alee 3983),

he seoplankien eowis. of the Kali ssbuasy ware
thu-ﬂnh’hmumwh
Cubchon, Soeplashbon GosAS Tenged fxom MOAS W
300,0004" 1a Whe estuanies in Visteria, Auswrelte
Glosls and Bayly, 19%). In Sewth ASries, Naysna
eoMmary Vhits reingell §s mese o 1oss evenly @lstrie
buted thweughout the yoor hes an shundent Sauna eenpased
%0 5%, Lunis estuasy viuse raias flesd the sgyotem wring
pogs of the year (Day, 1967),
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CGapepain denineted e avarege ssoplankton ssunts
ia all the estaries pressntly sudied, Waila Whis is
20 fron data gvailshie from ethar eomariss of India,
Hhe deinent cmpantnt lws heen seperted ¢ vary in
diffesent weters, Cizrigede ssupliii deninete the
Senthanghon vetey (Ragment and Ourrie, 1938) and York
zivan, U,S.h, (Juffriss, 1964), Niychasis larves
foxm ¥ safor cwpnent in Raritan Bay and both pelye
chasts jarves and lamsllfheench lasves dominate in
Sarragensett Bay. (The sheenee of Veliger latves in We
puesent ssllettiens is yrehebly dus S0 the larges wesh
sise used)s Sese lerves of Brastiure heve bemn yepested
t» dontaste the weoplienkten of Coshiia bectatess (Maddwa~
pretayy 1970) in ewrtain maihe, In he preset eslle-
otions Goonped lagves domineted Whe esvats in & fov monthe
ot Neeniahare and Boypewe estmaries,

hils e distrition of thw sespleaithon spesies
in e sobuaries with & pasennisal eunettion %o ¥he sea

folliows & sonfeswsd pottasn, their distwidetion ia the
o lades stmdied (Veii end Thettupplilly) &s pushgs a
Hwie sngential %0 the wual ssswnptions. These is

20 handy alidd %o the cosverense of mugine fatns 1ike
nesa atdifexs. TaESasna suasilis, AMeEhia sasdiesee
and suvesel gthers ot Vall in soue msnthe (meehy Agril,
Dessuber) whan the lshe hes no £¥es comsmeticn 4o the sea,
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2% has 0 o asountd that Vv might have e Yheeough
the spill aver of vave astion wd weke shie to swsvive
although in low demaities bessuss of e higher salise
Dot wober,

A nixed asseshlage of eotmanine cepeped spenies
(emaiating of Jew, nodiun and high saline forms) wes
often enspntensd s these estearies, A Vali during
Jummary-Peodwusry sonths when salinity wes betwesn 3%,
(sugtage) and 18K (hottom) madium and Llew seline sposies
dninsted vith high saline feswe sovugring in small
wanbers, Buk frem Madeh ¢0 May high saline species wese
dondnent faxms (salinity 2 %o 233%,). Bt in Jme vhem
salinity of vader Column wus &5 Lav as 8, & fov high
ssline fogns wase shomswved, Aguin in July when nesr
Seesh wnter ccnditions entsted low salise species were
found slong with & fiov Mgk suline fomms
sszimnlalug w4 2. muiSillA deminetedy 2. ELEIAIA
doninntol copepeds ot Xallad ia April vhen the saliadty
of the wvatul solumn wvas agpeund 384,), In Ostchber wvhen
salisity was 0,00, madiun saline spesios 100w JguESia
almmogs ot MEEialla MEAlanais cowwTed although ene
woild hove exposted lov saline spesies 100w ) SEEIYA
to dominate, AS Thettapplilly lake, lev saline fowwe were
note abundent in mest aenthe a8 swuld Do aapected et &




Se COMENMITY STRUCIURE,

Setaarine plankton, as msntieoed earlier, form
s class by thanselves chiefly becsuse thay are adapted
te the vageriss of this envircamnt. The scoplanktsn
cleamnt comsists of both holeplankton and maroplankéon,
It is evidmt frem the distridmtion aad sbhundance
(Chapter 4) that the holeplankton is daminated by &
single group ~ Cepepeda. The mereplankton may consist
of lazves of sany benthic iavertadeates and fish, In
the estusries investigated ia the present study, sess
lazva of Brachyusa vas the domiamnt form, Other lasvas
of polychastes, eizripadas, csridesns and other decapeds
wre also fregquant,

The stenchaline marine forms and some fresh watsy
ocvganisme wvhich enter accidestly, de net have any zole
in the escsysten of the estusries. Reoonds of these
species fromn estuarine mouths or heeds sre of scademis
intazest only, It eould be sesa that many growps of
sooplankton 1ike euphanside, estrecods, sppendisularimme,
salpes and doliolids which play an important zole in
the cuvsenis ecvsystan are usually amciuded in the
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estuarine plankten. Curiously, almost all of tham
are filter fesdars and the absence of thess groupe

in the estuarine habitat in intaresting, Cladocers,
anotive filter fesding group, also had a psouliar
distridution in the estuerfes (Chapter ¢.2.%). Many
of the groups which aze diverse is the cosmic environ-
ment 1itke hydromsduses, ctancphora and chastognothe
(a1l cognivoses) have cnly a fev repsesentatives (mestly
sllochthonous forms enteriag the estuaries from the
the estuary.

The ssoplankton is thus doninated by trus estuarine
mainly salinity. The salinity sanges for the cmmnon
specions that eccuxr in the estussy (Fig. 25 A & B) axe,
however, not their sslinity toleranses, but anly the
revcxded ranges in the presant cbeervations, Experi-
mantal stodies have shown that ssny low saline species
o do asolimatised slowly to readaph €0 ses water i{ndie
ocating that their lov salinity adaptation was ghysio-
iegicel than a fimd gemstic changs (Grindley, 1960).

As diseussed earlisx (4.3), sstuaries sustain
encEnous standing stock of sooplankton compazed to the
sea, Dut the rols of the seooplankton in the foold chain
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is Aiffioult to be pingeinted in the sstuarine ece-
systan ss Yhete is no shoaling fishexy is in the shelf
waters. Sven larger estuarine fishes 1ike Magil and
Shanas are mainly hesbivorous or detritivereus (Hiatt,
1944), The cosfficient of ensrgy trensfer from prisary
o secondaxy level was only 7.4% for Cechin backweters
and 6.6 for Mandovi-Susri estmaries of Goa (Selvakumer
8 als. 1980) indicsting exoess phytoplankton preduction
iz-alsp available for altesnate pathways. Jerhape &
large portica of ghytoplankten and sceplankton pwodactien
is sstueries contridute to the productivity of the coastal
wvaters or forms a sajor souroe %0 the ocxganic mstier in
bottom deposits, This csuld halp the suwstenance of a rich
benthic 1life and in fact, high benthic biomsss has hesn
geportsd from several estuaries (Rugisn, 1972; Ansari,
1974y Nzulskar g% al.. 1900). The pepulation of psmeeid
prewns wvhich shound in the estuaries during the saline
paziod may alse be a major divect or indiveot conswums.

Calancid copepeds play & pivotal role in the e0o=
systan of any aguatic enviremmat. In the sstuaries all
over the world thay are dominated by caly a fow gsnera
or families, In the estuaries of India spaciss of ¢e
families Acartiides and Pecudodisptonidas aze dominent,
A Sev spasies of the famdly Paraocalanides also cocour in

spprociabls mmbers, Speciss of the geners BUEYLamOEsS.



Acaxtia. Ensudeodisptomis and Fprianis charactarise the
estuaries of South Africe (Grindley, 31980). Austrslism
sstuariss includs a fev other geners also 1like Ropckalla.
Sladiofazans end Sulcalenus (Tew snd Rits, 1978).

Heinrich (1962) zecognises thres °*types® of life
ayclas in the sooplankton in relation to feeding., 7Type 1
depands on the availability of food and beesd only when
food is planty. Bzesding in type 2 is indepsndent of
foold supply and thay wstally stose fat. These two types
mainly occour inthe highsr latitudes and batiypelagic systems,
m:mmnmmmmmm
more or less continucus fesders and beeedess. 7The
estuarine cepepods probebly fall under this category since
the copepodites of trus estuarine forms are gresent in tw
eollection althrough the saline premonsoon seascn. Bio-
chamical studiss on sooplankton fyrom Cechin baclkwaters
(Radhupretap gt ale. 1979) indicete thet most species heve
a exy low 1iipid storage indicsting that thay fsed conti-
ncusly. In sugh geses protein may function as an iasportant
food ruserve (Conower and Cosner, 1968; Raymont g% al..
1969) vhich may be mabilised to meet the metabolic requires
nnts.

The eommon carnivogous copepods of the pealagie resln
belonging t0 the families Duchastidas, Fontallides and
Candocides axe mot rapressnted in those egtmmaries (but
for the geus labidocaxa). The faw species of the family



Marecalanides are prebably herbivores wheresas most of
the speciss belonging to families Acartiidee and Pesudo-
disptonidas are omivores or detritivores, Omly & faw
speaies iike AQartisalla sExYalyl snd A. Jexalensis spresr
to be carnivores (Tranter and Abwsham, 1971).

e ioportance of ditritus and associated besterial
1cad as a direct nutritional sourcve to scoplankton especially
copepods is now widely xecoguised (Heinle and Fleses, 1975
Heinle gt al.s 1977 Canowes, 1979)., Cbviously thare is
no deaith of detrital saterfial in the estuariss. Studies
from Coohin bachwetars reveal that phytoplamkton production
4is in ewosss vhén compared to mooplankton grasing pressure
(Qesin, 1970; Medhupretap g gl.r 1977). Hence availa-
blity of food is not tiw Limiting factor for scoplenkton
suzvival in these estuaziss,

In the higher latitudes there is usually & gulse of
phytoplankton preduction in the spring. This is fellowed,
aftar a lag, by an inarease in scoplankton standing stock.
In the trepicsy hewswver, thexe is usually, no such sudden
uise and phyto~ 290~ plankton productien rates show &
more OF lAss an eVen curve. In contrast, in the csastal
regions upwelling may csuse sudien bicoms of phytoplankten
associasted with large swarms of filter feaders like '

tmiostes (dwprstap gk al.. 1900).
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The prodeaction trends of phytoplsnkton and
sooplenkton in the Cethin becikwaters are not much
varied, but the peak shundance attained by ssoplankten
in sdd-suwrar (Fig. 29 A) is probably dus to a relatively
mote stabls sowizonmmt (sse Chapter 7) than the avei-
lability of food supply. Similarly salinity and curremts
must be affecting their survival in the mmsoon periocd
sinoe phytoplankton predustion was fairly high during
this period.

™he carnivores of the scoplankton compsnent (hypdrow
madusse, ctenophors and chastognatha) alse show a close
relation to increcse in asbundanoe of other sooplankton
(rig. 29 B). Naturelly, their sumbers are such less
conpared to sacondary prodauers as in any ecosysten
(say, tarzestrial), All of them aze high saline forws
and apart from s low svailability of food, salinity
mst be a mujor factor causing the decline of thelr
population during the monscon,

Thess estuaries are thus left unenpleitad at
secondary lewvel during the monsoons. The pathways
of enorgy (derived from primsry prodaction and detritus
eto,) transfer duriag this period is yet to bs wocksd
out,
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The feod chaia in the estmaries are spparently
sinple compared to the more cemplel eusenic snviren-
asnt, The shellowness restricts vertical compart~
mentalisation, walike the se2 where varticsl migration
snd depth range of sosplankton speciss ares axritically
associated with distridution of food, The axcess
pirteplankton produstion and Decteria along with spo-
plankton and their feacal pellets contridute to the
richness of the bottom depasits. The bamthic commmity
flouzish and sany of these estuwriss are rich 4in clam
beds, polychasts and aaphipod commnities. The banthic
commmity is in turn empleitsd by am sbundant pepuletion
of prams and other predators which fesd on them,

SS9



S, SPFCIEE DONINANACE AND SUCCESSION,

In trepioal estuariss, salinity is the ey
of variocus scoplamkton species. During the ssmsoon,
bacsuse of heavy discharge of fresh weter, the salinity
is seduoed to nsar fresh water conditions in the
estuarine systams. Almoet all thwe scoplankton ovganisms
mmmummmn.mmm
sysciss. Repepulation of thase waters start during
gation towards the interiors of the estmeries dspand
largely on ths salinity incursion., 7The successional
pattemm of various species could be dsduted from the
srical abundence. "

Campased to the low saline sesastm the seo-
plankten ssders incresse meny fold during the
favourshlie ssline pericd, The estusrine species axe g
sealected (Highly wapredictable or Setsonil swwiron-
mants favour oppertunistic species with high rate of
incresse = r sslected - while the mare constant enviren-
meats do not -~ K selested, Mac Azuther, 1972), The
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sucoassisn shows that although meny species appear
in the ssguenoe a fow species among them tend %
doninate nomrically. The perventage of dominance
any vary, but often a fov species together constitute
ths major pexrtion of the pepulation.,

Cenperisons of species rich commmities (1idm
the open ooeen) to spesies poor commmities (1w
estuariss) have 1ed to the generalisation that these
are fowmr numerically dominent species in the former
(Mac Azthur, 1969), Whils tYhwre 15 an ifncressing
gradient in spesies diversity from estuscies to epmn
ocean, studiss reveal that more often a flaw species
tand to ococur in grester sbundance ia the stable
enwircnments also (Harides gt al.. 1900; Medlupwatap
2% Al.s 1981; Nair g% gl., 1981). Birch (1981)
analysing the marine benthic commnities slso cama to
the enclusion thet Mag Arthur'®s theocy need not
alvays hold txus,

In the estuaries Copepeds almost always showed
the highest namarical dominance. Although 351 epeecies
belonging to this group were recuorded only & fev gene~
rally dominated the assesblage. Other groups/species
predoninated only rarely.
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In the Cechin Dackwaters, Paragaliatsn SEeani~
ontxis weas the dominant speties at the mouth avea

during ¥he early pestaonsoon pexiod (lovemberx). This
species was seplaced by JEKacalinus AcRladtas during
the late postmmmscoon and sarly premsnsocn months.
Acaxtis Senirixs dominated all other species, all
theough the rest of the premonsoon periocd (Fig. 30 A),
Other high saline aspesies which are common in these
waters like jgrooslsnus slsdlis. Acaxtia hilobata.

A sniniesnds. A- pasifics. Daendedisntomun sasxicendatug.
2. Jenasi and species of the fanily Centropsgidas though
cocurred in ecnsideradle nwbers are Gwarfed by A.
SAREZNER. During the peak monsocon momth (July)
Pesndodisctcens snoandalsl which preferzed stratified
waters is the dominant spocies. Acaxtia nlumpss.
mndiuz saline species wvas copaon during late monsoon.
This species vith Agaxtialla Mesnlsesis sredominated
in the middle resches daring the peak salinity regims,
Though other high saline speciss of Acartiidss pene~
tratad into these aress during this pariocd thay 4id not
dominate, During the momsoon period M. gxawelyl is
the dominant species in the interior of the estusry.
most of the months of the year at Hesndakaga estuary.
During the peek premonsocn period (Apctl-day) lggifes
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hepsspd. =04 Sagitia hedatl rredontinsted (Fig. 30 A).
At Kallaf slso A. Oa0EXUEE was the dominant species
daring the pre- and post- somsoct, But awing low
saline yeriod, mess larves. Agaxiialla Mexslsnais
and A. grayalyl replaced the high saline species.
Almost similar situstion snisted at Nevepusha estuary
algo (Fig. 30 B),

Similar to Cochin baciomters, various high saline
species coourred in higher adundance during the pre-
monsocn: and postmonsocn monthe in these estuariss also.
But Acoxiia GERARUER Slwost alweys cutnunbezed these
species. The low saline epecies, Agartialla sEavelvi
was absant in Neendskars estuary, and species iike
A « JExalsasia and AcaEkia BLUINNSR occurTed in low
nunbers. This wes bsosuse, very low sealine comdition
4id not exist st the mouth ared of this estuary.

Bven at the pesk of the mmsom salinity was €,.7%,
and 34.48%, ot the suxface and bottom sespectively.

In the estusries of Mehe and Reypore dominance
of copepeds wvas not as high as in othar estuaries
(rig. 30 B). Agachia SENSENXS Sominated only during
peak promonsoon &t Mahe while at Beypore it dominated
Pendodiactomia sonandalad wes the Ao




Mehe =nd Qithens BADA ot Beypere. Arachiuren moea
and ceridean larves ware dominant during early pre-
Szisencova wes abundant in postmonscon at Mahe,
Rkl sommnsalis. & lydromadused snd the sergestid
lagifax honssni were the dominant species during the
pesk saline months at Beypore. Zoes, larves of
caridomns and the cladooeren Evadnd Saroasting stemmed
into dominancs in some months during monsoon. The
ctanophore Flaroheachis siahoss dominated in late
POSTRONSOMN

aGuping the sorly premcmsoon &t the Thottappdlly and
Vall lades (Fig, 30 C). M Thettappilly it wes
replaced by medium saline species like Agartia nlamess
mensoon pariod. Very low saline disptomids 1ilm
Hallodisptoms siogtug and Alledisptonus mixabilines
wvare dominating copepods daring 1ate monsoon and post-
monsoon: sonthe, But in the Vell lake high saline
species lilke AQRESLS SSDAXNES. A- EniDiooia and
monsoon menthe, Though low saline copepods wese present
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during the postmooscon months, csridsan lazvae
dominated.

Sooplankton populations in the estuarias ase
zich awing the ssline paried, IMost of the comnon

species that coouszed during this period were sbhle

to tolorate & oconsiderable range of salinity varismions
and dondnanoe is probably achieoved at eptimum Salinity

and vhan othor envirenmsntal factors are alse conducive.

Salinity recovery is fastar at the mouth axwva of
the estuaries during pestmonsecn season and is sliow
towaxds the middle and wpper seaciws. ivoadly, the
sucoessicoal pattern showed three seres, the low saline
forms dominated the entire estuary (tut in low numbers)
The high saline forms dominated the mouth ares during
postmonsoon and the middle seaches dwing Jrencnscon.
seaches daring early gpremonscon and at the upper
reaghss during later premonsomn. The meditm saline
spacics replaces the low saline forns tovasds the
head as salinity recovers and lataxr high saline spscise
also iovads this area in late premonsecn vhen salinfty
inoxesses further.
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In gearal AQartis SERiEiEs wes the dominant
spegies and this alimg wvith a few other speciss 1ile
Aczonalesne sindlis. Daxosolsons sSKaasizostzis.
Mazsia Mlokatar A- sninicanda =nd Pespdodisniosns
AxEissiatis forwed Mulk of the population Juring
saline period, Although the garaivorous groups 1ike
hpdrcmadusse and ctenophors were not numerically
dominmt, the ecological dominance of these groups
cannot be overilcched.



7. SKHCIES DIVIREITYX.

™The data moet basic ©© the uwnderstanding of
and their selative sbandance. In nature, we £ind
that some comvmitiss are rich in the mmber of
species (1ike perrrenial fovests of trepics, ecesnic
envizonment eta) while caztain othexs (11 estusries)
are rslstively pecr in this respect, Eoologists
aegres that theze {s & gensral increass in the mmber
of species from hMgher latitudes towards the troplos.
Howaver, ths zsesons for veriations axre far from
clear. Several theoriss with respect to this have
ciently cognt to pinpoint the veristions.

Hithin the tropical aguatic enviroomaut iftself
we f£ind thet thare 1is & decressing gradient in diver~
sity from cosmnic to meritic and to estuarine hebitats.
Mac Axrthuir (1963) stated thet “the nunbderxr of species
within a habdtat con bDe expected ¢o incretse with
protuctivity (scamtimes), with structural complenity
of the habitat, lack of ssssonality in rescurces and
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the degees of specialisstion”. Varisus theuriss
inwvolving tise (clder commmnities have more mwmbers
of species), spatial heterogenity (mece hetesogencus
physical environsent supperts mare speciss), compe~
tition (iseds to marrew niches), predation (reduces
conpetitien and allows more yrey species), emwizon-
mantal stabiiity (mose species in stabler environ~
ments) and produstivity (greater production results
in greater dfversity) have besn put fogward, Hew-
ever these Wworise, apart from lack of genesal
stability of the environmmnt do not explain the lower
dtversity in the estuaries.

Egologists axgus that negstive feed Dack in
sgosysterns damps perturbations and the stability orx
the zesiliense of the exwirenssot contributes to
higher divesnity. 7The idei that ecosystans possess
such stability was introduced by Mec Arthur (1935S),
Ecologints’ subseguent efforts to verify this hypo-
thesis became oomplicatad by attampts to define
stability and diversity in aparstiocnal ways (Patten
and Ofam, 1961). “Increased stability with incyeased
speciss is difficult to damonstrate.... Jodels
zeduoe the intricate heanty and msmsesams complexity
of a piece of living mature to vhat is by comparisen
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s flat palliid Smage of reality. An ecesystem
msedsl, no matter how sophistiosted or difficult ¢
produce $s but a shadow of its prototype’ (Fatten
sk ales 19738),

Enviromntal conditions in tropical esthnaries
A mouw or 1sss stable candition in estuariss is
sttained only Guring the saline premcmscon sonthe
and sooplamkton speciss are mope diverss during this
psxriod compezed to ether seasoms,

wo indicss, °D* (argalef, 1968) and *5*
(Heip, 1974) wexe used to evaluats the diversity of
seoplankton in the estusries. The formuls used for
the index *D* was,

] -%—.M 8 is the mmber of
species and 8 4is the mmber of individuals of all
spocies and for B was

B u-%'-‘.m 8§ 1is the mmber of species.

The indem D’ 1s relatively stable compered .
@ K (Fisgher g8 gl.r 1943) but this tndex alse
possess the drawbeck that it is affected by the
sample aiss. The svenness index is the rekio detwesn



the actaal 4tversity and the muxismm pessible diversity
which coours vhen all spesies are egually shundant and
sages fxom O ¢ 1. In shest it gives the eveness in
distribution of spegies withia the sample. Bveuness
is the inverss of dondnance.

™he mmber of species and the indices °E* and *D°
for the eight estusries are givem in Tsble 9. Diversity
valus, °*Df, was higher éuring the salinity regime and
lowest during the psak monsecn msnthe. At NHesndakare
the values semained high theeughout the year. In reaged
betvemn 3,2 and 7,0. Salinity wes alsc high at the
mouth of this estusey in nost mmthse, In the Couhin
backwatars thess valuss senged betwasn 2.2 and 3.3 compe-
sativaly higher values bDeing chescved during the time
when sslinity regovesy started. Both marins wnd true
estuaxine forms occur a8 the.mowth duwring this pariod.
The velues vare conpivetively lower in the Nerapusha
eStuary.

The index °E® was highest at Thettappilly lake
and to soms extent st Vell alse. In the other sstmaries
highsr valoes wezre cbessved in certain mmnths especially
when the species mmber and seoplanitan pepulation were
low, Thus Auwing this peried although the mmbex of
species vas less, their distriduticn within the tetal
numbef’s was mofe of lsss evan.



«3i07te

The mmber of species which cccurred showed
mote o less a direct coxvelation with salinity wham
the distridution in the upstraam srees of Cochin
baciomters vas abalysed (Fig. 31). 7There was a pro-
gressive decraase in the mmber of species along the
salinity gradient towards the upper resches. During
Jaly vhan the system was practicelly fresh weter, enly
vary faw ctgunisms tolerating low saline conditions
thrived in the sstmaries,

In almoet all thw sstasries, the gesatast diversity
ogturs nesy the south wheze & wids renge of meritic
speciss also sppesr. Sems of the higher values (D
values) chesxwved in soms estusries especially at Nesnda~-
xera (7,0 in Agri), 6.1 in Septaxber) are becaouse of
stray cosuryanges of sone of the cetstal and paritic
specias. Thus if the estuarine and euryhaline speciss
vhich axe comot in the estuariss only aze takan into
acoount and the less tolerant neritic species omited,
the indices would be still dew.

Speaies dlversity in sstwarine sooplankton wes
fow conpaved t0 csastal of cosanic vaters, The average
diversity indax *D* yenged batween 1.3 and $.5 in these
estuariss, It ranged from 3.1 ©o 7.7 in & meaxshege
envizenment (iarides gf al., 1900) frem 8.2 to 12.9 i
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the ceastal and eosanic wvaters of the Bay of Dongasl
(Ratr gt al.r 1961) snd from 3,2 to 0,1 in the Andeman
Sea (Madhwpretsp g% al.. 1981). Thus thess is & pro-
gressive gradient in the scoplankton dtversity from
estuarine environment te opan cosen, A similar trend
was cbserved for the trepical besthic commmities by
Sandess (1969)., He maintains that estuaries are ia
grinciple physicelly contrelled envirommsnt, unliihe
the epen csean which is mote stable and dovelop o~
iogically scoommodated conmmities. The msdber of
species present diminish continwously along the stress
gradisnt from & stadle envirommat to habitats whate
oconditions are fluctusting and finally when the stress
conditisns becons greater then the adaptive abilities
of the cegmisne, an sbiotic conditiom is reached.
for the commmity. Ricklefs (1973) says that mny
spetiss oon expleit different kinds of rescurues mare
offictontly because the evolutionary independmncs of
reproductively isclated populations allows specialisation.
Turther, diversity ceeates Mwterogenity in the enwiron-
ment vhich provides the basis for inayesged diversi-
fication of 1ife forms, IHlwtiwe specias explioit moge
ecclogical reles in avess of high diversity in view of



«31092-

because species diversity to aveid competition, wr
beth, is stil) open to questien.

Srodustivity or spatial heterogenity are certainly
not the factors affecting the species diversity in the
estnariss, Acslogous sitmations where &iversity tead
to decyewase with higher standing population have besn
reported (Devessy, 1971y Nair gt al.. 1981). Fyto-
plankton diversity has besn found to de high in oligo-
tzophic areas compared to eutzephic axess {(Metaxrson,
1975). It can only be speculated that lack of stability
or time to diversify (enly the intermonsoon peried
changes of the euvircsmsnt lsad to & lesssr dliversity
in the sstusries.

L 2 2 1 2 J



8. ZO0MARRIGH ASSEMELINIES,

A varisty of sooplankton erganisns inhabit

the estuazine etviromment competing oF accommodating
each otihex,s The degres of coexistente and competi-
tion Gepends on the requiremant and avellability of
food, space ote, in the habitat. ERarlier infommations
on the ceaxistents of Agaptil syp. and other cepepods
in the Coohin backwaters have coms from Trentesr aad
Avgahun (1971); Madhagrstap gt al. (3975) and Madhw~
pretap (1900). In this chapter the pattesn of asso~
clation of cowen groups and species of sooplankton in
the efght sstuaries are Stieupinds

Caxxelation matrices for 4he groups and spesiss
were formed after converting their mmbers o their
zespettive logaritimic valmes, The formla uped feor
chiaining the correlation coefficisnt wves

g e BB xo%)
RCRGY
he zesults ase presented in Tebles 10 and 11,

Cexzelation st group levels showed that most of
the groups watte pesitively correlated with eoch other
in these estusries extept at Resndakara and Beypose.
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The sumivorous forms 1ike hypdcomsdusas, cotencophores
and choutognaths wers siguifioantly pesitively corre-
ma&wmumum@?mu

Highly significent relation betwesn (P = < 0,001)

wvas chesrved at Mahe. At Hesndalare, Cochin and
Beypore, Copepeda showed significent positive corze-
lation only with & few groups while in the other
estuaries cepspods occourred along with the otiwe groups
over the sams period,

Cladogers in generul 4id not show significent
relationship with ether taa. They were nagatively
correlated with most of the groups at Vell, Cechin and
Beypore. This is bsosuse of the rather peculiar distri-
bution exhibitad by this group being more common Auring
ever, they ehibited significent positive cccrelations
with sexgestids, sosa and decapods at Kexapusha and ¥she,

With regard te the decapods and sergestids, they
showed significent positive reletions with other grougs
at varying levels in Vell, Eerspuzsha, Mahe and Xallad.
But ot Heendniazre, Cochin and Baypose their asscciation
with other groups wexe not as signifisant as in other
estuaries, Similar trends of associstions wers noticed
for the meroplanktonic forms 14w soes larves, pelychastc
laxvas and cizxxipeds larvae,
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Appandisxlaria showed significent pesitive
correlations vith other groups at Xerapusha, Mahe
and Xallai snd negetive relations at Nesndskawrs and
Cechin, Fish eggs ashibited more positive relations
ocompazed to fish lazves in mest of the estuaries.

Estuaries generally bDecome rich in seoplankton
population during the saline pariod and most groups
thrive in this season, Thas it 15 natural that most
of the groups wade pesitively intar-celated, Howewver,
ths groups consist of species which heve aiffarent
ecologioal significmess, Thus the pattern of asso-
ciations chesrved at group level previds only limited
information. 7The associations of the common Sepeapod
speciss is tceated sepaxetely. The more or less
consistent positive corrzelations forf most groups
ommfizrn that the setsemal fluctuations of thess groups
are counsistent in the estuaries stadied.

Although 51 species of cepspods were identified
from thase estuariss only the oommon speciss vere
taken to emamine the pettern of assecistions. They
inciuded sgecies preferring low, sediun and high saline
csnditions.

In general, the variows high saline spesuies showed
significant positive correlations with each othex
although variations existed in the level of signifi-~
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canue in different estuaries. Highly significmnt
correlations were cbeerved smong AGACtis QEOtENER.
A+ aninisonda, A hiloheta, A sEYShEOR. COUSEORAGRS
alcockl, Massdodiasicems arivillld and Acrocalspus
aimilis in the Kallai estuary., Similar relations
axistad in the Mahe estuary alse but j. sxythrass ves
absent in these waters. Ia Cochin backwaters, A.
SENEZNES, the most commcon species, showed positive
but not significant correlations with othex species.
However, it was correlated with Pasndodisntonsis
SeEEinaiians, B sxixdlll (P < 0.001) and Agrooalione
Alaills.

M FKerspusha highly significant cerreslations
were ocheazved among AQIEELA SENEENES. A- syinicstds.
A- Mishata, Santxzonaces Aleccki. Eastdodisnfonss
sxziomdatis snd B. mxivilli. 2esctia macifice
and 2gxocalonus sinllis were negatively correlated
with all cther speciss.

Santzonaces Algogki showed significent coxre-
lations with higher saline species at Xerapusha,
Kallati and Mahe Dut exhibited negative relatisns in
other estusriss. Sintlarly Mesudodisptopns suEKivilll
forms in stom estuariss but negative relation in etherws,
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Acxoonlans alallis, snsether suocessfual species in the
estuarine waters veié found to exist together with all
mm@mmnmmmmn
Forapusha where thay wers ssscciated with Acartia mseifica
only.
Desndedisntoms snandalal & highly telercnt species
to wids salinity fluctustiens was found to associate with

AmaxSia nlamces and Agaxtiella lmxalensis. the twe
mediun saline species wvere significantly positivaly corzre-
lated (P £ 0,001) with ench other in all estuayiss exoept
at Fallai, They were also chessved to associsnte at highwer
levels of signifiomnce with A. hilohata at Nesndekera
estuozy. The common low saline species Agortislla sxavelyd
ting nogetive correlations encept at Vell lale,

The pattesn of correlsations among the common copeped
spaciss shows that the lov saline species Agertislla
sxavelyl and the medium saline species A. MeZalsusis snd
Asaxtis 3linces cooupy niches which stand sepaxate from
the high saline forme, Sinoe species in these two
categuries are fav and Gw bioctaps is sufficiently hetare-
geneous no bislogical facters could be limiting their
flourishing in the estuariss. Thay are separated both
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tenperally and spatially from the high ssline forms,
Only physical foroes like strong currants o chemical
peramotans such as salinity atfegt their swmvival,

s the ether hand, the variocus high saline species
exist in large sbundance over the same spin. These
speciss in ganeral showed significant positiwe cosze-
lations in most estusries with asinor veriations. Spatially
also thay have similar distridution and this leads to
either cosxistenos or competition ameng them, Thass
results axe in complianss with the ecarlier findings by
Madhupratap (1980) from Cechin backweters. Cenceptually,
1f these speuies cownist, it would call for some degres
of ecological differsmtiation between them to aveid niche
overlap.

Baxrlier esologiosl theoriss, which aze held valid
to soms extent evea today, imply that compestition cannot
suzvive indefinitely. 7The competitive emclusion princi-
ple pat forward by Gause (1934) is supperted by Hagdia
(1960) who states that complete competitors csmnet cssxist,
Slobodikin (1961) alsc helds the view that no two speciss
can indefinitely eontinus to cooupy the same scologion}
niche,

In eguatic commmities, especially in mioroecopic
seoplankton orgmmisms, it is 41fficult to establish the
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nature of ecological differentiations sinoe visual
obeezvations are virtuslly inmpossible, Trantor and
Abrsham (1971) had attemptesd to seek the differentistiens
among the comisting copeped species of thwe famdly
Agartiidns from the Cechin baghkweters based on the
stzucture of the mandibles, However, in their opinion
“the differinces which do exist are not sufficient %
establish niche separstion®.

The sbeoluts validity of cspetitive emsliusion theory
i3, however, under criticism (nith gt al., 197%¢ NHay-
tmtv!.!!&)« ihile niche ovexlap is difficult %o
establish in marine crgenisns, ssverasl studies from the
iand hove proved %0 be of inconclusive results (Ruster-
hols, 3901). The concept of a guild (a guild &3 a group
of spegics wihich uses the sane envircomsnt resources in
a sinilar feshion, Reot, 1967) is attaining considersdle
impetus in recant studiss. Ammng the guild subtle
diffezrences in feeding sschonisme can alleviate intanse
competition by harvesting a porticon of the rescurove
spactzun unavedlable to other species, Hutchinson
(1961, 19635) and Hulburt (1977) fesl that species coaxist,
but oot in equillikrion becsuse eguillibrium is attained
mymmmmmmmu
poorer ones, Such equillifirium conditions are rarely
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met with in natuge. In corel yesf figh commmities
vhere the diversity is wesy high, there is considaradle
overisp in space and food reuiremsats among the coanist-
ing speuies (Sale, 1977). Recsnt empsrimsntal studiss
on several cosxisting copaped species have shown that
they feod upon the same sise range of particlies when
presented vith natural prey, and that the pxeforzed sise
variec in respsnes to pasticle sise distribution in the
habitat (Foulet, 1978). W ith Gl pressnt Inowiedge,
esological differentistion amsag merine/estuarine soo-
plankton can perhaps ealy be defined emperically.

Studies (Cowsy and Cormerx, 19637 Conower, 1966
Chaxvin, 19787 Risper, 1978; Hayward, 1900) indicste
that the spectzum of foed used by copepods include dstrius
snd begbtaxis as wall, apart from the omwentional ghyte~-
plankton-scoplankten 1ink. IThe high prisscy prodection
in the sstaarine euvircnmmnts, availability of laxge
aount of oxgenic detritus and associated bacterial lead
provids the estuarine seoplankton with sufficient food
resources. 7This also explains the large sbundance of
segplankton in the estuaries cospared to the marine
varistions that exist in feeding habits would allew the
varisus high saline species te live as ocompetitors of
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even allew cosxistance., IMoreover the peculiarity
of the trepical estuaries allow them to sxpend their
niches spatially as the salinity inareases towords the
intericss, Sucocessimm of the high saline speciss
starts from the south aress of the estacias ot e
csssation of the minscons and as salinity increases
they fuveds the upper: reaches utilising the resources
svailshls in thess regions. Anyway, the periodical
mnonsoons which wvashes out thw high saline spscies out
of tw estuaries relieves them of the netessity to
meuvfw
compete or eo-axist for lang, till u =i where

zesources would run eut.

L 2] 20



9. BSUERKY,

3. Ecology of sooplankton of eight estuarine
systens of Narala spredd gver a stretoh of 500 m»
of the csastline was studied based on yeor-round
oollections mede during 1978, The hydrogreghie
data and seoplankton samples were takmn from ene
£ined station at the mouth of each estuary. The
aiddle and wpper reaches of the Cochin baclomters
ware smpled ssasomnally., Of the various estuaries
studied, thoss at Vali and Thottappilly have enly
seascnal comnection with the sea wvhan the sand-bax
breaks during the mensecn. Velli lads is situsted
near Trivendzun and Thettappdlly is leocatad nosth of
Adleppey. mmcnmg-mm
pezenial cmnections with the Arshisn Sea vin. Nesnde-
kara or Ashtamdi estusyy at Quilon, Cechin back-
waters at Cochin, Kewspusha, Kallai, snd Beypore
estuarfies at Calicut, and Nahe sstuary near Telli-
chezsy. The genaral envircnsent of these estuarise
systans and ether major festures are reviewsd in the
cntext of other estuarine stediss.



31308

2 Bedh Whe southwest and nirthesst mansoons
onct hair influence eu these estaaries. Balinity,
process in estuaries showed wids variations over
the year. Canditions at the mouths ranged firom
almost marine 40 neer fyeshwetar during the aifferent
seasons anpept at Nesndakara whare the watar coluan
semained slightly saline even during the peak mon-
seoh pariod. The cold less oxygmmated high saline
water ot the betton lajyers at the Cochia baclwatars
aming csrtain nonths oould be identified as up-
wslled Arabisn Gen water entering the channel.

kP Ihe watar csluan wos well mined during the
proncnsocn pariod (Jmwary-April) in thess estuaries.
Stesp werticsl gradients in salinity, tespersture
and cygen were noticed in the Cochin Dackwaters
auring the nenseon puricd (May-Cotober). Such
vertical stxatificetion of the water celtom was less
proncunoed in ether estuaries, especially at Nesnda-
kara snd Mahe,

4o Veli and Thettappilly lakes differed from
the sther sstuaries in the gmaral hydrobiologiomd
aspects. mmmmn:m
wvater during most of the yeor at Thottappilly. At
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wws Low Aub Lpttom /SJ"W"]/
Veli, the surface salinity, segistered highes
valuas Guring the premonsecn and postmonsocn
ssasons. The high saline watar at the bottom in
this lake in the ebssnce of free connection with
the sea could be explained partly by the dmamics
of a coastal aquifer and alse by spill over during
intense vave action. The latter peobebly brings
in the high saline fauna encountazred in this lake,

8. Zooplankton biomasse and ¢otal ssoplanikton
ocounts varied significently Detwesn seascns and

estuariss, Highest dicmass and total nubers of
sooplankton wete rescrded from the Cechin baciambers:
Forxapunha and Xallai estusries ronked next. Meximam
population ves usually cheserved in April dut the
month vhen peak biomass was recorded diffexed from
place to place showing tetal nunmbexs and biomage
were not always coerslated. In genessal estuaries
have & high standing stock and have higher tusn
over rates compered to the adjeining ses.

6. Seventy thres speciss of seoplankton belong-
ing to sixteen groups were identifisd from thess
estuariss. The speciss composition in the 8
estuariss studied were nmoze or less simtler.
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However, some species 414 not coour in all the
sstuaries. Variaticos in the pepulation of
diffexent species were also noticesble betwsen
estusries, Maxinom mmber of species wes
regoprded from Ceochin backwaters. Nesndalkara
though poor in biomass and total mxbers renked
second in species zictwmess. Copepeda wes
usually the most sbundant group followed by soss
lagvas and Sergestidse.

S Caznivozcus forms 1ike Hydronsdusas,
Ctanoghora and Chastognathe ware present during
ooourying in these waters were assantially
brackish water forms, whareas Ctenophosa and
Chastognatha comprised only of marine sypecies.
Chastognethe ware more sbundant at Cochin back-
vaters than in other estuaries. These three
grougs togather constituted enly 4.3% of e tetal
aunbars, but their feeding emerted profound
influenos on ether scoplankton groups especially
Cepepoda.

Cladoossens which are comnon in the neritie
and coastal waters wete curiously sbeent in the
estaaxiss during the high saline periods. They,



on the othar hand appeased Auring the low salinity

mwmmmmm
estuarises constitating 67.7% of the total counts.
Fifty one species balonging to 18 genera were
$dentified, Families Acartiidss, Pssudodiaptomides
and Paragalanides formed the bulk of the Cepsped
population. They tegether accounted for 63 te 93K
of the tetal cspepods in these estuaries emoapt ot
Thottappilly lake. In this lake thwy forwed enly
S1%, the zest baing lov saline spesies delonging to
Diaptomidae and Cyclopida.  ACartisa sSantEura.
4. aninioande. 2. Rilohata. Aczogalaone similis.
Pesudodisnhosms ssxzicsndstus. 2. soosodalal.
santronnons alsoski and jabidoguxa pestinata were
the caunon high saline cepepod species in the
estuaries. J. DlamoAl ad deoaxtislla kazalansis
preferved mediun salinity and were the deminant
forms in the niddle and upper reaches of Cochin
baciatars. Agarkislla ssavalyi thrived well during
the low salinity regime. AQEESIA SERLENER emerged as
the most abundent species in the thres-vay amalysis
of variance pazrformed on the cepepod speciss.
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Unlilke other estuariss s nixed assendlage
of low, madium and high saline speciss of Copapods
vers shesrved at tines st Thottappilly and Velfl
1akes, In the foxvwr vheare the salinity was low
theroughout the year,low saline spscies ware rels-
tively more abundant, The presence of marine
species 1ike Tamopa stylifasas. Toxtanus cxosilia
and Agaxtis sediioens st Vell lake which lacks &
patmanant connection to the ssa is a 1ittle
intriguing,. They might have come into this lake
through the spill ever during intense wvave actiom
and ware sbls %o survive because of the higher
salins bottom watsr,

Decapod laxvas constitated the mejority of
ivvertsheats laxval forms ranking next to cepepods
in owessll sbundance. 2088 -1arves wele vary common
coourring in all seasons with peaks usually aaring
the premonscoon months, leaxrvas of pmmasid and
caridean dsoapods at various stages of developmont
incluting thwee of commraially impertant species
the year. Jucifex hinssni wes the most cumwa
sergestid, Fish eggs and larvas were also common
mostly belomging to fanilies Aubessidas, Mugilides
and Gobidas.
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Other greups 1ide Siphenophora, Ostraceda,
Camaces, Mysidecea, Appandicularia etoc, weze
chesxved during the higher saline months lut aze of
1sss inportancs in the estuarine evology.

s. The seoplankton of the estuariss cemprise

of trusly estuarins, suxyhaline serine, a fow
stenchaline maxine and fresh water species. Ameng
the tzue estusrine spesiss theee clines -~ high salinme,
mediun saline and low saline - weze recognised. The
thres aptain peek pepulations in different seasene
dapaniding on the enwvironmental cunditions.

9. The high saline spsucies flourish during
the premonsoon periocd. They are mose abundant st
the lower xeathes but do inveds the upper reaches
aleng with salinity inowrsion. T™he msdium salins
species also flourish well duRing the saline paried,
but in the nidile snd upper reathes vhere salinity
is sptimm. low saline species thxive at the upper
seaches during postmensecn sonths and throughout
the estaary during monsecon period. Thus ssnsconsl
innudation, tidal incursion and associated changes
in salinity axe the main fastors eontrolling the
sooplankton of the estuaries.
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10, T™he euourzence of nimed assesblages of
high and low seline cepepod species in Velli and
Thettappilly lakes which have limited connection
to the sea, is vy inbtaresting. This dadili-
tates the general idea that salinity is the
fagtor oontrolling the ocourrente of various
spesias in the estuaries, though it doss ocantzal
the sbxndanes of various estuarine species,

13, In these estuariss, phyteplankton, detritus
end assosisted bagterial loed form the main ssures
of food for the scoplankton. The species of the
fanilies Asurtiides, Pesudodiasptomides and Jure~
calanidas which contriduted t» the bulk of the
copapod pogulaticn are mainly hesbivorous, omnie
voreus or dstritivorous. In genesal, food is net
a limiting faskor for the suxvival of ssoplenkton
in these sstusriss. 7The coefficisnt of enaxygy
trensfar from the primary and secondsxy trophiec
level is low in the Cechim Deciomters. The
wmdezutilised enmtess production both at primacy
and secondexy levels probably contribute to the
richness of the bottom commmities and productivity
of coastal weters.
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2. In the tropiosl estuaries heavy dischargs of firesh
water during monseon season wipss out all but & fow S00-
plankton ceganisms. Repopulation of the estuaries
start with the salinity recovery. The succoessionsl
seguencoe that follows could bs seen from the relative
auerical sbundanos culminating in high sooplamkton popie
lation during the saline psried before the following
mongoun dissupts further progeess. Among the numerous
species that ococur in the estuaries a fev dominute the
sooplankton assembdlage. The pattern of suncession
showsd thares sexres consisting of high saline, medium
saline and low saline forms. 7The high saline forms do-
ninsted the aouth ares during the premcnsoon. The
medion saline species were abaundant at the middle reaches
during sarly presonsoon and at the upper reaches during
during the monsecn pericd,. Although the deead scheme
of succassion was similar individual veriations &id
exist in diffecent estuariss.

13. Speaiss diversity of the estueriss was low
compered to coastal and osemnic realms. Diwrsity
increased in estuarises in the dry ssascn wvhen condi~
tions tand to bs more stable. The higher eveonness
of the speties - population index cbenrved at Thottae
ppilly and Veli lakes was due to lesser nwbers of
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spscies cocrespending to & thin population, Fro-
ductivity and spatial hetazogmity being of 1ittle
consegiancoe, it is speculated that lack of stability

14. Analysis of association of groups of 90—
plankton in the estusries revealsd that most of the
groups anhibited significent correlations with each
othex,. Howewer, this is but naturel since all the
major groups ooour in high nabers during the high
salins months,

™he common high saline copepod species showed

high degres of ctxrelations between tharwelves. The
medium saline spesies 1ike Agertis nlumosa snd
Asextialla Jexalanais showed significant cosrelation
botwecnt each other, dut was megatively correlated with
most of the hich saline speciss. Jgartialla sEEvelvi,
the low saline spscies almost alvays steod separete
ehibiting negative correlation with all other speciss,

Considazadle nichcoverlap ssems to ococuxr hetween
the common high saline speciss, 7The ecvlogiosl diffes-
entistion batwsen the species t© sllow cosxistence is
not lucid,. Fechaps the availability of large asmount
of food previds the estuarine sgoplankton sufficient
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sesources to smuzvive as ocumpetitors. The high
saline speuies are eliminated by periodie sonsoons
%m&mmmmm
would run out,
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Table 1t Annual river digchorge from Indian Rivess
(Aftaxr Khasla, 1931).

Wast Coast Rivers m‘m

(2ncluding 134.2
2. Stresms from Tadri to Tapti
(emoludting Tapti) 134.0
3. Tepti 9.1
4. Hagmada 49.2
S, Matt ‘ 9.3
§. Sabozmati 4.7
7. Gtxesms of Katin 4.8
8. Iami 0.3
9. Styeams of Kubteh 3.7
10, Sutlisi System 36.7
East _SCoast Rivera
1. Rivers frum Cape Comowin %o Cauvesy
(emoluiing Cauvery). 7.9
2. Cauvexy 10,0
3, Rivess mw and Dencer .5
4. Rivers betwesn Pamar and Krishme 1.6
S, Nxishea System 4.9
6. Oodavari System 125,95
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Table 1 (Comtd,)

. I fyenrs

Rivers between Gedavari and

tahanadi (emoluding Sahenadi) 16.1
Mahanadi 92.8
Brahmni snd Bajtazni 3%9.2
Sibarnarexha o Battarnt 20.3
(oclnting Damodes) 4.0
Dexsodar 13.0
Hoogly 173
Ganges System 489.8
Bralvaputss Systan 301.1
Total for West Coast Rfisers 346.8

Tetal for East Coast Rivers 1203.0
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Tebie 3. Rasults of Analysis of Vazimnes,

e BiENER.
Seurco 8 . - 4
Total 197.930 3
Momths 30,020 13 2.729 3,024
Bytuariss 28,434 ¥ 34,062 15, .59
Rxrox 5.6 7 0.902

€U fex months = 0,907
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Tekde 4. PResult of thoee way ANOVA,

Ao  SENENS.

Source 88 as - y
Tetal 1467.69 1439

Menths 205,67 11 15,80 33,31
Estuaries 13.44 7 1,92 3,99
Uzoupe 197.54 14 .11 23,34
Monthe x estuaries 181,56 ™ 2:35  4,90**
Months x growps 129.03 1% 0.3 1.0
Estuariss x groups 21.79 98 2,26 4,70**
Ezzor 510.63 1070 0.48

CD for months = 0,207
CD for growps. = 0.2312
CD for estuaries = 0,157
** gignificmt at IX lewvel.
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Table & (Contd.)
B. Cxmen Cenmuod aneciss
Seuzoe ss & e y
Total 855.3¢ 1267
Memths 76,64 132 6. 78 13.,31%
Estuaxies 13,96 k 1,99 .60
Specias 152.91 13 2.4 29
Vonths x estuaries 8%.23 K £ 1.11 3.11*
Monthe x speetes  161.16 132 .22 299
Estuagies X spesies 30,801 4 0.36 2.03*
Exzvor 336,99 N4 0.38

CD for months = 0.2287
Ch for estusciss’ = 0.18617
Ch for apecies s 0.,2380
** Significmnt at IX level

* Significaat at 3% lewal.
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Table S (Centd,)

Chaeto- Clado-

e

Okher i= Tish &
Invertee M Fish g&
breate
A0S

31

onpe

1330 -
4 218 491 2317 440 :

M-M 213 20 15 -
Jly - Ok, 33

74
27.0

€71.7 10.2 0.3 .7 703.7 45,5 145.2

a3
23,3 2.1 4.9

2.1

'0‘ !1|‘ ,#’ 3.’ GQ“

3.7 0.8 3.2 8.8 35.2
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and west coast of India.
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Pig. 2. Map showing the lecation of the Stations
(indicated by arzsows) at the mouth of the
estuarias vhare collastions were nade,
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Pig. 3. Map of Cochin baclaters showing 7 Stations.
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Pig. 4 A . Salinity, tamparatuze, exygsn distribution and
rainfall at the mouth of Coghin basiomtacs
during 1978,
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Pig. 4 B, Salinity distridution to ths Wpper reashes of
Cochiin bagheters.
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Fig. 8. Salinity, temparature, exygen distridbetion snd
sainfall during 1978 at Sesndakare,

Daseription of 1ines in Pigures § ¢o 11 as in Pig. ¢ A.
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Fig. 6 ¢ Salinity, tewpitature, orygen distribution
and rainfall during 1970 at Xalled.
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Fig. 7 ¢+ Salinity, temparature, exygen distridetion
and raiafall during 1978 at Deypore.
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Fig. 8: Salinity, tenperaturs, enygmn distribution snd
zainfall dwing 1978 at Fewapusha.
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rig. 9. Salinity, tamparsture, ogyen distridution nd
sainfall Suping 1978 at Mebe,
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Fig. 11. Salinity, tampersture, egypm distribution and
ralnfall during 1978 ot Theottappdlly.
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Fig. 13. Distribution of scoplenkten eounts (No./10a7)
in the estweries Guring 1978.
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Distribution of comon groups at Covhin and

Fig. 13.
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¥ig. 4. Distribution of common groups 2t FEallali and
Fexepushs estuaries.
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Fig. 1S5. Bistridution of common groups at Beypore and
Mahe estuaries.
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Fig. 36, Distridution of common groups at Velli snd
Thettappilly lakes,
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Fig. 17. Distridution of common groups towazds the
interiox of Cachin beckweatars,
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Fig. 19, DPistribution of eemmgn species other than cepepods
at Kgxepusha and Kallai estuariss.
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ig. 21. Distridution of tetal Copspoda in the eight
estnaries Gwring 1978,
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Fig. 230. Distridution of conmon copeped spesises at the
mouth of Cochin baciumtars,
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Pig. 32 B, Distridbution of conmon copopod spesiss towerds
the wpper resches of Cothin beckwatars.
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Fig. 22 C. Distridbution of commn copapod species tovexds
the wprer reaches of Cechin baviusatars.
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¥ig. 33. Distridution of cosmon cepeped speciss
at Nesndakare,
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Fig. 24. Distribmtion of cemmon copapod spacies
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Fig. 26. Distridution of commen Cupepod species



NO/IO m3 NO/10m3

NO /10 m3

KORAPUZHA

®—@ Fseudodiaptomus serricaudatus
O— -0 Labidocera pectinata
O Centropages alcocki

O——@ Acartia centruro
O—--0 A.bilobata
O\ A.spinicauda

- &—@ A plumosa
O—--0 A.keralensis
O\ A.gravelyi




Fig. ¥7,. Distribdution of comm copepod apacies
at Mahe and Veli,
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Pig. 38 A. Selinity rengas of comuon msoplasshten spasies.
(Blaak spacs shows the optimss yangs).
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¥ig. 30 B, Selinity ranges of commom sooplankton Spocies.
(2lank spece shows the optimam range).
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ig. 29 A, Cunwes showing gress susfoce wimsy preduction
(adepted from Ossim g al., 1969) and mocplankton
standing stoek in Coohin heciamtars. The valucs
axe not strictly compasuble, but the Stntantion is
€0 ghow the tswnds in produstions.

rig. 29 B, Curves showing relation detween cignivoges and
hesbivores in Cochin bDeginmtars. The nunboxe
of cuxniveres ase magnified sinoe they nsever
oouur in nasbers conpaiable to haxbivore
shundance. Hage alse the purposs is oaly o
show the salstionship,
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Fig. 30 A,B & C, Succession of species groups/species in

the eight estuaries during 1978,
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Fig. 31, Fumber of species and salinity d@istyibution
in the Cochin bechwater aystem,
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