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1
INTRULICTI VA

Foremi:iiferae erc suell bearing Protosos belonging
t0 the elass Sarcodina (Rhisojyoda) which bhoe a worla wide
distribution. They are almost entirely marine, though a
fow live in brackiesh or fresh waier. Excopt in a few of
the siuplust types, tuorc is @ shell, gonerclly loss tuan
a few millioctres in siso, ¢itihor of agglutiunated foreign
snterial, or of chitin or calocaroous material seoroted vy
tho animal itsclf. Though the shell is extormel, tho
auimal lives voth: insido and outsido tho tost., lMajurity
of the foreuiniforel spocice are vonthio anmu o few are

pleunktouic.

Tho living bonthie spooice of foraminifora muaber
suout 4200 in contrest to ouly a.out 350 planktonie forme.
Tho total nuaver of fosvil foraminifeore is cstimated to
ve over 13000 syocice - (Internationel Pietionary of
Geophysics, Loundon, 19.9). The oeeansgruphioc intorest
of tuoso marine animale lics in the cskolotal structurecs
praduced vy its moalers, Their toste coammonly accuamilate
in large nuabors on the sca floor whore thoy may coustitute
more tusu 90% of the bottom sedimont. Thoy ore belioved
t2 cover tho :ottom of 36 por eent of thc Pacifie Ocean,
54 per cent of the Indian Cocau and 67 por ecut of the
Atluutie Cecean = o total arca of 126 million squaro

kilomotres (lLverdrup ot s}, 1961).



Planktonic forsminifors constitute & group of free
floating marine protosoans living in ocean waters from the
surface to an undetormined depth. They are dominated in
tho tropiocal latitudes by the species of Glohigaxins and
its noar relotives and the depoaited skeletons of planktonie
foraminifcra are 80 ubdbigquitous sud abundant that they form
an oose - the globigerina oosc. This is the most wide-

spread ty.o of oose in tho Atlantie and Indisn Ogeauns.

Thesc shelled protosoans are apparensly ono of the
oldest kuown group of anizals and have s long and eontimious
fossil rocord. The history of fossil foraminifcra goes
back to the casbrian poriod. Por palasontolegiocal
i.terpretations of thc fossil tuc study of foraminifc:a
in tho sariue sediment is imporsant,

It was Dujearain (1835) wno first domonstratod the
soological position of foramiuifore in the Rbisopoda,
Before his timo foraminifore was oconsidered as & peculiar
group of ocephalopod molluses. Eventuough there are a
vast nusber of papers written on this group, very little
is known avout tueir protoplass. £0 the systematics are
only bascd upon the sholl struecture. The test may be
unilocular or maltilocular. “hen multilocular the snape
of the toat varics, almost in overy izaginacle fora.



They moy de close eoiled, clongato eoiled, ovolute,
unisorial, diserisl, triserial, gloouler, spircl or
irrogular without any defintitc arrongoments. Tho surface

of tho shell may be smooth or ormamented,

Poraminifera possess their own ehs:racteristic
body ehapo and this is corrvlated with their partieular
mode of 1life. A peculiarity of tae body fors in
foraminifera, whether benshiec or planktonio, is tue
tendensy to form @ more or les: pronou‘ced s heriecal
twist. A broad distinetion may dbo drawn betwoen species
which move frecly in their environment and those which sre
fixed and seseilec in havit. Planktonic spocies tend to
be ovois aud orocpiug forws are more or lose flatteuod
ond sproad upon the substratusm. Scdountary foras tend to
ne vaeifors, ofton with & point of attsshaent drawn out

izto a peduncle.

During th. pest 50 years several soologiste have
provided valuable data on the life oyclo of ctome espcclies
of foromi.uifcra (le Culves, 1938; ‘yors, 19433 Aruold,
19533 Jopym, 19563 racshew, 19573 Duchanan g% g;)1960
and Hedley, 1964). The duratisn of lifo of forsminifore
has boen cstimatod t0 be varying fros throc weeks to

two yoare.



Prom an ¢oological point of view tornnlnitéru
ap,ear to constitute a dynamic population which are
consta. tly adapting thcmselves to marine environments.
Treunsitiocue of plauktonic forms vetwoon wars and eold
watere are affoctod by intormixing of wator mmsses in
difiorcat localities. Tho implicatione of current systems
are of considerable intercet in this. Sequenccs of
planktonie specios in decp sca cores have becn used to
indicate possible marine conditions during the glacial
and interglacial times. These formes also have becenm
uscd as iudicators of marine water sasses, bdoth in
modorn ocoans and in ancient scas. Thoe study of
transportatiou of scdimonts gives s sluo rolating to

tho water movomciits over tuo bottom,

In au aceouat of tue gounoeral proulezs in taxonomy,
coology and biology Ax (1956) pointod out that the first
stage in the investigation of a biocoenceo is the
systematic comprohousion of ite basic clements. lHe also
highlighted the nocessity of the exaet comprehensive
knowlodge of the individual spocics for all furthor lovels
in the {.vestigation of a biotope and ite bioeoencsec.
Foraminifcra oreoate great probloms $0 gencral ceologists
in their ideutification. Davis (1927) has statod that



onc of the biggest tasks eonfronting any >ne ongagod

in ecologicsel survey work ie that of gotting all the
anizels idontified. As therc is scarcity of inforsetion
on the Lisnomios, the classification of foraminifceye is
primarily based on the test morpholoegy.

Por more thau @& bundred and fifty yoars soologists
and palasontologists huve susred the study of foraminifora.
With the rapid ex ansion >f the 01l industry pelasontologists
t50k the field of strasigraphuical study. The study of the
taxonomy snd iiostratigraphy have broadened the interovst
of tho pslseo.tologist tO iuclude codolegy as a mosns of
iatorpreting palees.tology. Thec fossil foraminifors lsid
dowt: iu the deposites iu the past huve often becoms conso-
lidated into soft limc stone known as chalk. The very
large fossil foraminifers Humwulites hes boen found in the
oorly Toertiary period foraming limestons beds in Rurope,
Asia sand Northornu Africa.

Poraninifore are widely distributed in marine
rocks throughout the geological column and provably no
othor group of orgoniems hos had such a long contimious
history proservid. Thoso saoclled protosoans arc widely
usod by goologists me indicators of geologiec ages. To
reconstitute the goological study of the earth it 1is
required to have informstion rcgarding the ratc of
sedisontation. Aecording $o Schott (1935) the average



thicknoss of tho marino sediment is 3 km and the rate
of sodimentation of globigerina oose is estimated as
1 sm por thousand yoars.

Poruminifera renks first in the ocoustituonts of
sarine sediments. The caloareous sholls sre subjeotod
t5 mochanical disiutogration aud chemiesl trnnitornttion.
In appliod geology such se exploration for petroleum the
study of marine sediueonts is highly desirable. Adeguste
kuowlodge of the eonditions of the foramtion of ecrtain
sediments would be pslprul iu tae cxpleration of oil.

The docomposition of buried orgenic maetter using exygoen
tokos place by scuemical ncvion as woll as by bmssteria.
Thoe miero orgenisme favour the goneration of potroleum

b, reducing tho organic matter in tuc scdimoute and
doecomposing it to form petroleum. As potrvloum is formed
0of marine sodimonts it is important to deteraine the
eonditions undor which pot.utial oil=bearing sediments
are laid down for prospooting the industry. In regeant
yoars foreminifors hove been much: employed in the oil
industry i:: correlating roock strats.

The study of foraminifera in the scdimout samplos
begen witi: the work of d'Orbigny (1826) shough our
prescnt knowledge of this group in the world oeseans is
based priwsarily on the eollec:ions made By Heé.le Challenge

The moet comproueonsive reocord of forusiuiferide 1. the



world occauns is that of Urady (1884) from tho samples

taken during tue Challenger Expedition. 5ineoe then a

nuaber of papers dealing with this highly wvariable group
bave becn pu. lished, Partiouler mention eould be made

of the works of Cart.r (1880), Murray (1889), Chapmen (1895),
Pailipyd (1910), Sohott (1935), Puleger (193951951, 195:),
rarr (1950), Walton(1955), Parker and Asthesru (1959),
Boltovekoy (:963, 1970), dandy (1964) and Bradshew (1968)
who bave made coutributions to our knowledge oa the
systomatios, distrivution and field eccology of foraminifera,

The carliest work on tshe foraminiforide in the
Indien Ocosn is tuat of Mosbius (1880) frum tho Island of
Mauritius., The prescnt kuowlodge of foramiuifera iu the
Indisu woters is largely vascd on tho eolloetions made
by a fow oscandographilo expeditions whiocu passed Shrough
the Iadian waters i.. the eourse of their voyage round
the worid. Epcveial mention may be made of the work of
Brady (1884) wiio gave aan excellent accouut of the
foraminifora from tho dredgings made by H.X.5, Challonger
in the soutuer: Indian Ogoan, This was followed by a
list of foramiuifcra obtained from the Day of Beugel
publisied by Murray (1589). Later Chompman (1895)
studied the foruminiferal colleetious obtained by the
Royal Indien Marine Survey Chip "Investigator®™ from the



Aradbian Seoa, nesr lecoadive Islande. Dekin (1906) recorded
131 sapocies from the collectioas taken bj Prof. Herdmen

at Ceylon., Hofker (1927, 1930) puovlished & monograph of
foraminifers collocted from the Arabian Sea and was
£ollowod by Stuvvings (1939) who reeorded asvout 300 species
and varisties from the sase are:. lLater Gnanasuthu (1943)
reported 47 spocies of foramiuifera from tho Gulf of
Hannar. Otuer importent works on foreminifera froam the
marginel marine onviro.mouts of the Last Cosst of India
are thoso of Reo (1939, 1940), Deniel (1949), Chaudbary
end Piswash (1954), 3hatis (1957), Ganapeti and Sathyavathbi
(1958), OGanapati and Sarojini (1959), Chasterjec aud
Gururaja(1968), Rao (1.69, 1971), Vedantam snd Rao

(1970), Ramenatihau (1970, 1975), "endy et al(1971),

Rao and Rao (1972) and Rao (197:).

In recent ycars, the increusinug attoatiosn paid by
the 01l and Natural Ges Commiscion of India, for finding
out 0il and gee has agcontustced the need for detailnd.
miero alaoontoslogical investigetions. The otu‘i of the
sieropalaeontologionl agpects of foraainifora has
beon undortasienu b, meny suthore with ¢ view t0 aseertain
tue precisc age of the deposit and to mmke intor-rogiusnal
ocorrolations. (Lec Nutall, 1925, 1947; Davis,6 1927;



Rao, 19403 Jacob and Sastri, 19523 Kumer, 1967;
Bhalla and Dev, 19743 cuolls und Abbas, 19753 Bhells,
1977 aud ishalla and Talib, 1978).

1y virtue of thc world wide distribvutiosn,
numeriecal abundance snd divoersity of havitats, feraminifers
provide a demanding problem to anyonc futerested in
eeology. But all the erly works on foruminifore desl
with only systomatios and distrisutiosn. It should be
pointed out that the past two dooades have proved to be
& relutively enunobling poriod in tho eeologicul etudy
of forominifera. Dut thosc works are only from & few

restrictod goological areas around tho world,

Daring tuo past 25 yoars much agtention has bdecn
psid to tho study of tuo eoological aspeets of those
unieellular orgsnisms from different parts of tho world
(Yalton, 195%; Pandy, 1956; Phluger, 1956; “mit., 1957
Bradshaw, 19573 Eyholm 19573 Uchio, 1960) loedlieb aud
Tappsn 19504; Murrey, 1967 and uses, 1968). Though .
sur knowledge on the systemmtios and distributio. of
tiie foraminifora in Indiun wuters is somewhas satisfaetory,
studies relatd to tho ccology of this group are ssill in

its infancy. Illowcver some work has beo: domo on the
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ceological aspects of foraminifera from tho Bast
Coast of Indis (Genmpati and Sarojini, 1959; Vedantesn
and Reo, 1970 aud Remsnsthan, 1970).

The earliest works on tho foraminifora of the
Xerala Gast are those of Xurian(19%1, 1953) who rocorded
a few \apoci.u from the ooxmtal waters of Travangore
and of Scthulakshmi Amae (1958) who deseribed 114 spceies
end variotics from & few stations off Trivandrus. Later
Antony (19¢8) studied in detail She taxonomy snd dietri-
bution of 164 spucios end varietiee of foreminifers fron
the eosntinental shelf of Kerala. Roeeent works oo the
foraminifore of the Kersla ast are these of Antony (1968),
Ruo (1970), Pflaumean (1970), Se:bold (1971) and Zobel (1971).

All tho above mentionod works sainly deal with the
texonomy and dietribution of foreminifers in tho eoutinental
shelf of the South West Coast of Indisa. But hitherto no
attonpt has beon made §5 study She ocologiscal aspects of
these miero-organisms froas the West Coast of India.

Tho prescut study ie aimed at getting & evmprohensive
knowlodge of tho havitat and relationsidp to environmental
fagtors of the foram:nifesa in tho Duth West Coast of Imdias,
The work compriccs studies on the foraminifere of the
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Veabanad estuary - & wajor estuary in the Gouth West
Coast of India and tuo faterstitial foraminifera of

the sundy Leacunees of the South “eet Coast of Indie. Theeo
invostigations were uudertakon witih a view to uuderstand
the ocecurrouce, ceomposition, distribution and livo-dead
ratise of foremiuifere in tauc covove arcas. An attompt
hoe also beon made t9 correlatc the above aspooss with
the environmental factors sueh as sedimont charsoterxistics
aud hydrographical parameters like teaperature, salinity,
dissolved oxyge:i,p!! aud nutrients.



II

GEEERAL ACCOUKYT OF PURAMILIPSBA

Most of theo works on foraminifcra desal with only
systomatios and geographiocal and geological distribution
and vory little is known about the bionomice of this
group. As only very little is known about tho living
content of thesc asellular anicals, most of the work
on thie group is based on the test, Tho skeletal
clements are usually non-living soerotioas of freo
protoplasu. Tho sholl may be composed of elomeuts
scoretod by tho organism or of foreign particlees taken
up by tuo snizal from its surroundings. The skeleton

may bo chitinous, silicoous or scalcarcous.

Shisinoun ket

A thin flexible trunsparont test, with a thin
cuitinous inner layer, represonts tihc sost priamitive type
of the group. The alsonce or soarcity of ssareity of
calcareous meterial resulte in the development of
purely chitinous test. Iittle iz known about the
chcmicnl composition of thesc elemcntr. In brackish
water, the aivscuce or scarcity of caloarecus material
resulte in tho development of ouitinous test whieh

otherwise might have becn cslcareous. In some forms
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the inner wall of the test forms chitinous elomeant sad
forei ;4 matorials are prosent on the outer part. Spocies
with purely chitinous test fors only 8 miuor portion

of the totel foramaniferal epecies.

&idlisoous toal
siliceous tcsts are developed enly in s few foras
and found either im brackish water or deop sea, gpnerslly

in she temporate waters., Silieeocus forss meinly belong
to the families Eilicinidoe and Miliolidse.

Qaloareous tcet

Tho saloarcous tosts develop dirvctly from tho
primitive euisiuous tygos. Calcarcosus tosts in young
spocimeus is traosparent aud glessy. Th. wall of the
eholl sote thickoned b; tho advauced zjrowth of the
orgenisa. Tho calcareous deposit of the forualuifural
tuost is fourd @as tho wost abu..dont sing;le doposit
in tho oeen: basins. Calocarcous teste are of S$wo types,
porforste and iamperforete and tho former is more
primitive. The ealcaresus ¢emont of the izperforate
group is distinotly diiforcnt fros that of those forme
whizu dovelop perforste ealoaroous test. In breckish
water the calcarcous forms begcome loss ealearsous as

the wator srowe less saline,
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In some primitive groups of foraminifers $ho
tost oousists of forei n particles eemented together
over a chitinous inmer layer. The foroign perticles
consist of sand grains, sponge spiculee, cslearcous
grains, mics aud testes of other forami.ifera. Nany
8, 00ies are very sclective in choseing mcteriale for the
construetion of the test. Tho purposc >f forming the
agglatinatcd tost is to have a rigid protesting wall,
caverin; she softer protoplasmic body.
authia £ e,

Most forami.ifors are bottom livin: forss, erswling
elowly on tho surfage of the mud or sand of tho oocea:n botto
They are distributed througshout the oceoccns. The rate of
movemont in foraminiferas is very slow, yet for their
suall eizc thoy covér consideraule distance. The speed
varies in differe:t epecics and it rangos from % ma to
1 om per hour (Cushma:u, 1948)., Some species bolouging
to the familios Rotaliidae and Wiliolidae are found
attaching thomeelvee t. other objcete like hydroid
stoms. Rlaugrinlion asd Sgrites are fouud atuached to
ocelzrass.

Rumerous typee of body forms are found in
bontuic species. Though taoy sreo «ingle celled ani:als,
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most ofton tho teste are bullt of many chambers. In
miltilocular forms now chambers are added in ocharactoristie
serice and within rcasonavle limits. Tho result is a

wide vurioty of patierus.

Tenshic formminifora constitute moroc than 99% of
the total spooice of the foromiuiferids. They arc generally
included in the sise divieiosn "miercbenthos"™ with diatome,
bagteria cte. which are usually soparated by bacteriologiecal
techniquos.

Hare (1942) coined th: torm "Yeiobenthos™ beotweoon
mierobenthos and macrobenthos. The aost widoly accoptod
eise linits of meiobenthos, whieh are dotermined by the
mesh size 0f the seives used in their separation techniques
are 0,5 ~ 1 mm as the upper limit (Yo Intyre, 1969).
However this sisze grouping has no restricted bdiolo_.ical
bou..daries. The size licit of the foraminiferae in the
prescnt ecllection ranges from 0.2 to 1.7 ma. Considering
the sise variations, it is desirsble that u_jority of
thie protosoen grou; maoy be included in the eutegory
"soiobenthos”. According to Parker (1959) also
foreminifere oan be gonsidored undor the hsading

"meiofauna®,
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Elanktonia foraninifera

The pla:ktoniv forasinifire consiets of only a
emall fraotion of acout 1% of tuc total specice. They
live mort abundautly in the upper 200 motres of water
in tropiesl) and subtropieal regions and tuolir number
dooreascs in the polar ro;ions. This group is dominetod
b, labigarina, Slataraialia end tueir rolatives.
Planktonie speciees live in differout cuvironmseuts :iuece
they reproscnt diffcront bnabitate., CoOnsidorable shell
thickening in planktsuic specice hess Lecn Hbserved es
the surface forms adapt themselves to decper habitats.

Pelagic forominifers drift with the currente and
their preforred habitat se.me to be the open sgeun,
althougzh they probacly live to some extont over the aore
shallow partes of the contincntol shelf arca (Zoigler, 1964)
The dead shells fall to the bottom and sccumulate in the
ogoun Ifloor forminug the foraminiferen oose 5y Globigerina
ocs0. It ie made up chiefly of colcaresus shellsof
pleniktonie foruminifora. The globigorina cose is the
most widoepread type of oome in the Atlantic snd Indian
Ocean and it esvers most of the floor of the Tseifioe

“eean. In goenoral it is & deposit of boath the warm and
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tomporate scas. It ie at depths rauging from 1500 o
2000 fathoms thut the glovigerine oosc most abundantly
and moet gharacteristically develops., As meny as
50000 foreminiforal sheolls oey ocour in 1 gm of thc
bottom sumple, the maj:rity belouging to the genera
dlobigerina, Globorotalis and Orbulina. At wvery gro:t

dopths she globigorina oose gives ri:e to the Red Clay.

Taxono=[

The taxonomy of foramiunifers is in a stste of
oxtromc oconfusion (llogluud, 19473 Bermudes, 1952}
Jatjes, 1958 and Hedley and Aduma, 1974). Owing to the
highly overlapuing morphslogical charactors and physiologi
racos 1: various parts of tho world, the detorminstion
of rclevant forms socvss sosctimes diffieult. Many of
the extornal charucters consiaered to bo of taxonomio
volue, u.derg: merked chauges by the doposition of
ealoareocus nmaterial during growth. &0 oven the minute
cbharucters have to be examinoed in det:il for idontifying

the matorial.

Rogrodnction

¥ost foruminifers roproduce once a yeur in @03l
enviro.ue.te snd more freguently in warmer eavirouments

(Yurrey 1973). Thus the birth rate varies with
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environmsentol eonditions. The length of life of
torsminiforas voriee from threo weeks (Spiriliina

vivipara Myers) to two yoors (Zlphidium grispus
Linu).

The mode of reproductiva in foraminifera is
variable among differont groups, although it ie
primerily a eell division. Both soxusl and sscxual
reprocuctions arv observed. In monotaalemous forms
the reproduction is b; binmary or maitiple Liseiou.

In the soxual forsms, thoe protoplass divides into minute
sssscs, cuch provided with one or two flagella. The
flsgellulae arc game$os and may form shel) while still
within tho shell of tue parent or after beeoming free.
In dimorphie foreminifura like ZFlphidiuw slternation
of goneratiosn oseourc=tie meersspheric £orm alternates

with tue mierosphoric form,

Sromih roge

Very little is known about the growth rate of
individusl ehambors >r tho longth of the tise botwecn
various etagos of tho lifo oyele. leo g% 8] (1961)
pave sug:ocsted that it is difrieult to meko & olcar
idea on the criticul factors li:it ng forominiferal
growsa on the bosis of fiold study alone.
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¥ood

Tho normal £004 of foraminifors cousists of a
mixed diot of dietoms and phytoflagellatee. In deepe
thoy fecd ou bectoria and detritus.



111
FORARININBHA UF PIE VERSANAL EETUALY

Poraminifors are gonorally marine and widely
dietributed in tho scas. Although cost of them ooeur
in the seas of normal salinity & fow live in bruokish
wuter or oveu in fresh wator. Poruminifere inhauviting
the bruekish water cuvirsumeut bhar boecn an fateroeting
sui;jeot of study in different ports of thc world during
tuo pest 20 yoare. ‘uec. studies huve becn esrried out
euniofly by Trodshaw (1957), Uendy (1964), Yurray (1968:,
1973), Nichols and Elliesn (1967) aud Tapley (1969).

The foramiaiferu from the ostuaries of Indian
odactes huve attraucted oumparastively less astention. A
pioncyr study on the foraminifers in breckish wator in
Incia 48 that of Remanatbmn (1969, 1970) who bas reported
the cecurrence of 20 speciocs in the Vellesr estuery in
Tamil Nadu. Reo and Rao (1976) hcve eontributed to the
study of forami.ifera in the Kakinsda backwaters on the
vast Coast of Imndia. Antony (1975a) has given a
preliminery report on the foraminifora of she Vembounad
estuary, oa tue Woet Con:.t, The prescnt iunveatigation

was uldertaken with @ viow to study in detail the
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foruminifera of the Vembauad estuary (a typical tropiesl
ostuary on the South Test Coust of India) in relation to

the onvironmental paremeters,

Tho Yombansd lake (Fig. I) tho largest on the
{outh 'cet Coaset 5f India is located between latitudes
90 28' and 10* 10' K and lougitudes 76° 13' and 76° 31°'%,
The lengtu of tue lake is acout 115 ku and covers an aree
of a.out 235 &y. km. This forme part of a chain of
brockish water legoone and estuaries wuich stretoh
parullel $v the eoust lino of Kerala, extending over
3<% km in length. The width of tho lake varies betweon
500 & %0 12 km. The Vexbansd ostuary is au open type
and it has persancut connection with tho Arsbisu sca by
& norrow channel, about 500 m wide, which forme the main

entrance into Cochin hazbour,

The Vembanad lako is o shallow sne; the depth
varics from 8-10 2 in the lower roaches closc to the
sca, The uppor rouches of th; eituary which are olose to
tuo fresh water zsne aro relatively shollowor, with
dopths ruuging from 2 = 5 &, Tho bittom of thnhituary
1: ,caerslly muddy.

8ix rivers - Periyar, Pambe, aschancoil, “oauiucla,
Yoonachil «nd Moovattupusghe flow into tnc lake, It also



Pg. 1 Nap of tho Vembannd ostuary showing locations
of the stations investigated.
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roceives 5080 caunsle aud tridbutaries during the

monsoon months. Tho inflow of fresh water into tho

leke from verious sources yeriecs £rom souson t0 seueou.
The average tidal runge of the'lnkn is adout ' = in the
lower part of the estuary and it diminishes progrescively
towards the upper rogiou. The tidal eurrent t%on the
800 into the lake on one baud and the di.chnrgg of frosh
wato:r from tho rivers and their tributariee on the othor,
aix salt and fres:. wator and msie the lake & typical

estuary.

The Cochin gut is asdejuutecmougin $o truusmit the
tidal enorgy and scu solts into tae lake, The rune-off
plus procipitation oxceods evaporation and so it is a
positive type of estuary. As it is subjocted ¢o long
tora altcretions in salinity and othor parameters resulsi
in seas.ual variations, tho conditions of the lake

bocoome uuique for biologieal and hydrogruphical investiga

Sascriel aud Method:
Zus _study a:ea
A preliminery survey for foraminifere in tho
Vomcanad estuary was conducted taking sedimont somples

from 125 equidistant sampling stations distributed
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from Cocuin bermoush i:. the north to Alleppey in

the South situstod betwe:n latitudcs 9¢ 30' end

10¢ ¥ and lougitudes 76° 16', and 76° 25' E. Four
samplinge were done during tho pilot survey in

Oetuber 1970, April 1971, Cetso.er 1971 snd Jsnuary 1972.
All the samplos were subjected to axsmination and all
contained forasminifora, cithor calearecsus or chitinous
or silicoous -~ agr-lutinated forws. The rosults of this
preliminary obeecrvi.iion hive been reported carlier by
Antony (1975a).

Pron thic study it hes beoeu observed thut
calearoocus living foreminuifcra ere found living upto the
middle regiou of the cetuary - a distonoe of about 35 knm
from the barmsuth. No limit of tolerance has beon observed
in the lake for ehit.nous aund siliceous forms. Besed on
the resulte of thoe preliminary survey ofl the dietribution
of foraminifera i. tho lake, 15 representetive stations
wore choson for the proesent study for scaple collection
et differont puoints io she lake. (Fig. 1, Tadle 1).
Fortauightly oolloctious were mede for a porisd of two
Jeare fxom July 1973 to June 1975.

Eield oolleqgtions

Though different motuod: are used f£or roprescntin

the living forumi.ifura such as tho mumber per uuit volu
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Table 1 List of s tations saowing the distance from

baraouth, loeslidy aeuad dopth.
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vtation KXo, Depth
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2 0.0
3 5.0
4 4.5
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(Parkor o% al, 19593 Phlogor, 1364, 1965) and the
numbor por ucit weight (Bondy, 1954, 1964; Reiter, 19593
Zel:-sny, 1959; Harme:, 1964), the prescnt study wos
carried out on tho basis of tho unit area.

fediment sumplos were takon uein: a Vun-voen grabd
of 0.05 n? surfacc srea, As soon as the grob wes hauled
up the top plete of the yrab wus remsved and tuc surfoce
of tho doposit was oxposed. The surfoco meterisl having
a:i. arec ofi10 od? ond 1 onm depth wae taken (“urray 1970).
In order t> cehock the reliability of tucsc sumplus duplicate
sample woerc taken from cach station for tbe auslysie of
foraminif-ral population end tho wmoan values wore taken.
The scmple w..¢ presorved immediately after eollection
iu cthyl aleohol or 5-10% noutralised formslin. *hen
formalin woe used for preoservation & smell amount of
sodium ocorbonote wes added t5 the sample to maintain an
alkalinc solution, sinec th: neutralired formalin
boecomes acidic with tSime. This typo of sampling mothod
for the study of epifau:e upto 2 am dieaseter h.s boon
suggested by meny authors (Phleger, 19513 Mo Tutyre,
%969; Murray, 1969,1970). DBesides tuis a portiou of the
scdiwont sumple £rom ceci stetion wae taxen in Polysuene

bages f£or determining tho orgenic mutter aund groin sise
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anslyeis. The sedioout core was split into 1 om long
soctione, cach of whioh wes collectod in a plastie
container, by gontly roleasing the rubber bung, with
tho eore tuve held in @ vertical posision., Two or

turoo sasplos were takon in thic way from caoch statiou,

Envirouucntal couditions suoh as wator teaperature,
solini ty, dissolved oxygen, pil and nutricent contonts were
studiod during the period of iuvestigetion., Yaoter
tompeorature was meacsured by using an ordinary centi;rade
thermometor. Tetor scmples for salinity, dissolved
oxygo: and sutriouts were collected fros the surfae-

Guu peur bottom. turfece wator sumploe were edllected
usii, an ordinary plastic bucket, aund bottow wator
immediatoly suove the sedimont, using & bottom wuter
p.upleor.

ur gis

In tho laboratory ehlorinity of wator waus oeti:ated
using tue Johr Met:uod (Barns, 19%59) and salinity esloulated
using ¥mudeon's Table, lissolved oxygen in the water
wac cetiautod using the Winkler wothod (lerns, 1959).
Hutriounts of the water suuples wore determined by the
methods suggested b, Stricklsond and Parsons (1965).

pil was detormined usin. & pl meter,
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The presorved scdimont samplos were washed
through & 230 mosb siovo (0.063 ma) for clininating
eilt and clay. Top water waec allowod to flow until
tho mud and othor susponded metter werc removod from
the sumplo. The foruminifere thus eocslleoted included

desd as woll s living specimecus,

The live and doud spociacus were separated by
adding oeo Bengal stain, Tho shells which got stained
wore takon os alive and the oth rs were regarded dead
(Wulton, 1952). Stained saomple was washed clearly to
remove the exoces stain and dried., Emall qnautitios'ot
the s.me¢ were spread out cveuly on 8 graph slide ana
examined under a steregssopie binooculor miercseospoe. Dead
shells were soparsted from the residue by floatation using
corbou totrachloride salutisn (Cushme., 1948), Por
agoertuining th: noumerical strongth of tho different
epcoice all foraminiforal spcoimens (bosh living oud
desd) were eounted. Regarding the dead shells it has not
beon poeeivle to know whothor they died a fow daye or
woecks bofore eolleotion. The foraminiforal shells were
plekod out from the ury scumple with & fine moist brush.

The speciions for idontifigation were fixed on & glass
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elide in ¢ thin layer of gum dissolved 1in wuter sud

allowed to dry. Conadc balsam wos uscd for permanont

mounting.

As remarkod b Hedloy and Adams (1974) it is
usually diffiocult tuy got all spucice identified owing to
tho non-availavility of litorature, I[lowover, witk the
kunowledge guinod during the lest scveral years im tue
identifiention of the 1local foromiuifcral gpeclioe it has
beou possible to identify moet of the ep.eiaous collscted.
In the prescnt study no new specios huve boon regorded aud
the taxonomic part hee boon omitted from the purview of
this study. The olaosaificction followed in tho presont
study ie that of Cush.su (1948), but the idontifiestion
ot e pocicens is based on recent literanture b; various

authors,

Portoxtural : tudy the scdiment semples taken from
the ;rob baul were subjccted to the combined sioving and
pipotte analysis mothod given by Frumbein aud Pettijohn
(193%8). Known quantities of tho dried sedinsont semple
were first dispersed ovornight with sodium hexumetaphosoha
8ol tion of 0,029 K, The silt eud clsy fractions were

scpu:atod by washing the disperso: sedicent turough a 230
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standord mogh sieve., The c¢oarse fractions retained

in the siove wore dried end weighed which guve the
woight of maoterial coarser t..en 0,063 mau., The dried
materials wore anulysed usin., a set of standerd Fmdicott
sicves. The washings esllected in & measuringjer of one
litre wore anslysed for silt and olay by pipotte method.

Queervatious

Hydrography

Suarazeanne

Au izportant feature .f the Vembanad ostuary is
the i.fluence of the south wé@ monsuon which aficets the
hydrograpuic eonditio.s of the areo i &« very remarikable
mannor. The loke reeoives the full benefit of the soutn
wost monsoon as woll o8 s0m0 precipitatiou. from the norta
oast monsoon. The south wost monuoin flood causcs large
iuflow of frezh water which affoots greatly tno fauna
izhabiting i‘he boockwuters. Tho hydrographic conditions
of tho Vombanad cstuary sre influenccd both by the soca

and the freeh wuter.

Busod ou tho influenece of monsoon and the ussogiat
cnvironmental conditioue tho yesr cen be ¢gonveniently spl

into threo well dofincd periodes having characteristic
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hydrographic features. The pre-monsoon poeriod
(Pebruary-lMay) is comparatively with very little
ruin fall and characteriscd by a fairly uniform high
salinity and high tomporature, the monso.n period
(Juue~September) is charcoterised by heavy rein fall
ana high inflow of river wutere into tue estuary causing
considerable lowering oif elinity. The posi-monsoon
(Octover-'anuary) period showe an inoreaso in the
salinity and temperature velucs (Balekrishnan, 1957}
Ramamirthem and Jeyaramau, 19633 George anda Kartua, 1963
aud Joso Anto, 1975).
Tomperctures

The details of bottom water tomperature during the
period of investigution are shown in Pig., 2. It may be
secn thot the higheet temperature is in April (32.2°C)
and the lowest in July (26.7°C). The diiterence in
tomﬁorntum from the surfaocc water to the bottom is about
1°C in the dry socason and it is about 3°C in the monsoon
months. The tomporature differcnec betweon tho water
at tue upper reucues of the estuary and that of the
lowor reacus is les: than 2°C in all the monthe. Tho
results suow tnat the tcmperature difiorence betwoon

the botiom water and the sediment ncver execeeds 0,5°C
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at any time of obecrvation. Tho period of south west
moneson coincides with tho poriod of minimum water and
scdiazont tcaporatures. Proz Juno to August-Soptomber
tuoe toaperature gradually dooressce aud from Pobruury
to April-May 1t thowe progyrescive iucrcosc. Theore ie
also & slight doorcusc in tomporature from Cotober to
January.
Salinigys

The sslinity of the Vembanad estuary varies froa
placoe to place, scuson to socason and surface t2 bottom.
foasonal changos in saliaity are very well marked. Juuc
t0 August is the active poriod of somsoon. During June-
July with the ounsct of the monsoon tuore is a suddon fsll
ia salinity throughout tue cctuary (0.19-3.2¢%c ). ZEven
before the closc of the monsoon, eca water begi.s to
pcuotrate into tho estuary. DBut the luntensity of tidsl
influecnce ie negligiblo in the upg er reasches 9of the
ostuary duo to the etrong se.ward flow of fresh w. tor from
the rivers. Prom CGotober ouvarde tho sal.nity risos
uairoraly througuout the areu due to tidal offcots and
rocches ite maximum in April-vay (33.5%-). In the lower
ro;ion of the estuary, during April-Fey the conditions are
predominantly marinc. During thie periosd tuere is not

mach difference iu salinity velues botween the upper
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resches of the ostuary (30.2%:) and the lowor roachos
(3%.5%: ) During the poriod of high salinity tucre is
very little difforcnee in values from tho surfasc water
t0 tho bottom, both iu the uppor and lower reaches of the
cetuary. Hut during tho othor poriods tho difference in
the vortical profile ie sore pronounged. ¥Bxeept during
tac flood season the entire lake shows typieal breckish
water eonditions. The wvalues of bottonm wator salinity

are shown in Plg. 2.

Zides:
Tho tido of Coohin ares is of mixed somi-diurnal

type with an avorsge reange of 1 . During November-Decembor
high spring tidec of 1 m and above oocur at s$ho Cochin gut.
The tidal renge progrossively diminishos towards the upper
region. Duriug the pre-monsoon and post-monsoon periods
tho tidal offccts caon oven be noticed at Alleppey (etation 1
60 km away from the barmouth. During the £10o0d4 so:son the
effect of tho tidanl ourrents is very much reduced and it
is felt only upto Aroor, 12 ke south of the gut. Thus the
tidel current, respoasidle for carrying the salt water
upstream during tho pre-monsoon and the post-msonsoon
socasons is having; vory little effect during the monsoon
scason,
Dissolved ¢ i

Dissolved oxygen odutent of bottom water varies
from 3.2 ml/1 at etation 1 in Jenuary to 6.4 ml/l1 at



Pig. 2 ionthly mean values of teaperature and
salinity of the bottom water of the Vembanad
cstuary during July 1973 to June 1975
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station 9 in July. During thc¢ sonsoon moutus the winde are
fuirly strong and 1% con bring about agitation and inerecsed
dissolution of atmospherie exygon in tho surface waters.
The inereaso in fresh water iuflux is favourable for an
inereaso in dissolved oxygon during the monsoon monthe.
Porsistant sonal varieations in tho dis:olved oxygoen are
disploycd from thue merine to the fresh water end of thc
estuary. Oxygen vualucr are alwoys highcer in the fresh water
sono of the estuary then in the mnrine regio.:. The shanges
in the oxygen valuc: secm t9 be inversely rclated to the
cosugoes 1n solinity. The valuos of dissolved oxygen are
ehown in Pig. 3.
pilx

pi shows variations within the range of 7.0 %o
8.4 as shown in Pig. 3. A roviow of the monthly valuos
52 pH shows sessonal fluctuations with the lowest wvolue
(7.0) during Juuo~July and the highost (8.4) during
Yarca-April montiue. Zonal veriations in pil are secn,
always with high valuee in the lowor part of the estuary
sad lower valuos towarde the uppor pert. The inereese in
pil iu tho pre-monsoon and pust-uoﬁloon periods throughout
the ares aud iu the post-monsoon period in the marine
end shows & favoursble eeological eondition for marine

organiems in the ostuary.
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ontes
The iunorgai.iec phosphato concentration in dottos

wator varies between O.11 ug et/) aud 2.8 ug at/1, the
highost veluo obtained in Juno~July and she lowest in
Sovember. It is significant thut high values of
phosphate are recorded in tue marine sone aud tho upper
balf of the estuary sarks the least concentration in all
scasons, There is consideruocle variation in the
iuorgenic phospuate constent in differont aunths. The
saxium phosphate contont is ouvserved during the monsoen
period and the minimum during the post-monsoon period,

Mouthly mcan wlies of the phosphate eoutent in the area

are given in Pig. 4.

Valucs of nitrite aro given in Pig. 4. Nitrite
valuos arc zubjected to little fluctuaiion and rauge
betweon 0.3 ug at/l in January to 4.8 mg at/l in Juue.
The maxicum values are recordod during the monsoon period

aud the sinipum during sue pre-sonsoon.

Mouthly valuce of silicate arc suown iu Pig. 4.
filicote coutent i:: the Vombanad ostusry shows rhytha
mally due to the locsl procipitation and the river ruu
off. The peak value of silicute in the area was 155 ug
at/l and wue recorded in July at station 15 and the lowos
value wae 12 ug at/l recorded in Deccaver at station 1,
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During the monsoon poriod high ooncentrations of silicate
are reoorde.. After a decline during the pre-monsoo:n
another poauk of silicate enrichzment in the cesuary oecurs
during Uetober %5 Deocmuver period,
Curxentss

The wator currcnts normsally appour to be tidal in
origin except during Juae-July when there is monsoon
flood. The inodomiug and outgoing of tidal currcnts are
osuscrved throughout the lake, although they vary in
intousity with reforence to scssons. During high tide
vertical variations in salinity erc osbservod cepocially
towards $hc barmoutin rogiou of the ostuary. This 1e
caused by the surface currents of outgoing fresh water
und tue rusalug of incoming seewater under the surfuce

water.

Substrate

The details of tae eomposition of tuo scdimouts are
given in Table 2. Prom tiis if is cvidont that tho
eompoeition 5L the sedi:wut varios sarkedly from ctation
t2 station suc season to sesson. Sand-silt-gclay ratice
detormined for the sodimsont show that in 13 stations elay
oontont predominatos und it varios botwecn 26 to 66% in

the p:c-moneoon period, 18 to 49% during monsoon und 21
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t0 64% in the post-monsoon poriod. Sand is the next
dominant constituent of thec substrato at 6 stations

which forzs 41 %0 70% in the pre-monsoon, 40 to 7371

in the monsoon and 40 to 80% in the postemonsoon

season. At stations 12 and 13 sand comprises 86% and 84%
respectively. :1lt forms the lecast dominant constituent
of the suistrate in all the stations end it roages froa
10 to 41% in the pre-monsosn, 1< to 48% in the monsoon
and 11 t0o 41% iu sho post-monsoon period. In general the
substrate in tue Vombonad estuary mainly fslls into the
catogory of clayey-sand 5r sand-gilt-clay. Sandy
substrate and silty~cloyoy substrate are found at two

stations oeaoh.

Though the pereentages ofsand-silt-clay composition
vary slightly fromz season $0 season the ssdimont type is
not ochanging. Near the barmputh arsc(station 1) the
sodimonte are clayoy sand. The substrete of station 2
and 3 (Ernokulams Channel and Thevara) sro of sand-eilt—clay
type. Clayaey-sond oecu icc etation 5 and silty-clay
station 6. Agoin a strotah of clayey-eand occurs south
of Perumbal:m (station 7). The sedimonts at Persvoo:r
(station 8) and Chembu (station $) are of ssnd-silt olay.
Furtner south at Thaikattuehorry (station 10) and Vaikom
(station 11) the sedinonts eare ggain of clayoey-sand type.
The deposits arc sandy at station 12 (Yeschoor) and 13
(Tﬁottu:ngappu). Hear iryad (station 14) the sedizents
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are sand-silt-glay which ie followed by clayey-sand
deposit at Alleppey (station 15).

Based on the texture of the scdimont type the region
under investigation can be differcntiated into the following
major sedimontologiocal divisions vis. (1) the mud dominant
regions of the southern and northern cnds of the estuary,
(2) a sandy some in the eentral region and (3) two scattered
gonos, ons & stroteh of silty-elay deposit sone extending
botwoon etations 5 ond 6 and amother with sand as the
dominant fraotion extending from station 12 to 13.

A perusal of Fig. 9 shows that tuerc are seasonal
variations in the sand-silt-clay content .f the sediment.
During thomonsoon period send is somparatively loss in the
¢outhern and northorn ends of tho backwators than in she
other soasons, witi & edrrosponding iuecroase of silt fraction
throughout the area. During this period in the aiddle
:oglon the proportion 9f clay also decreascs due to the
increase in the silt sontent. In tho post-monsoon poriod
sand proportion is less than that in the pre-aonsoen
throughout the arca exeept in the barmouth rogion. In
the upstrcas arca the clay eontent shows an increase during
this period than in tho pre-monsoon seasgon and the silt
fraction is more downstreax than in the pre-monsoon sceson
The minisus value of ailt contont is observed during the
pre-monsoon period throughout the backwators.
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Geners) dissribution of forominifers

In the present study the forcminiforal eoammunity
as 8 single entity is doalt with and an attompt hes becn
sade t0 understand taeir oecurrcnoe and dominance of cach
spcoies withinu the community. The for:sminifera in the
Vombanad estuary appeor to very asecording to cstusrine
conditions. The genercl distridbution of spocies showe
that the lower reaches of tho estuary, perticularly
noar the barmouti is eharucterisod by calearcous
spocics. Calcareocus forms deorcvese in numdor in
relation to the decreasing influenes of the ses wator and
thoy aro complotely absont in the uppor reaches of the
ostuary. Tho silieeocus snd chitinous foraminifora are
dominant in the upper rcachee of the catuary where
frosh water conditions provail., They ocour very rercly
in tho marine sonc and their number inereeses with tho
docrvasing influence of marinoc environmeutss towards

tue upper parte of the catuary.

Of tho 10 calearcous genera recorded, Rotalias,
Elphidium and Quingueloouling are reproscnted by the

largost nusber of speciuvens. Together thoy secount for
about 85% of the total caleasrcous spocies while each
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of the othor genera is represcnted by only a few
spocimone. A relativcly large nusber of foraminifera
belongs €9 the family Rotuliidao. Amuonioc beggapii
(Iinne), thc u9st dominant species in the lower half

of the estuary forme oovout 50% of thoe total foraminifersl

popuiation in the arca. O“ther specios which are widely

dietribated in the marine sone are Elphidiug grispum
Iinne, E. graticulatu:. (Fiohtol and ¥oll) _uingueloqulina
sominulun (ILinne), iptolia galoar d'Orbigny, Discorbvis
rasugea (d'urvisny), Cibigides Jobautulus ( ‘alker and
Jacob) Nonio: boucanum Hade and N.niom sloanii d'Orbigny.
Rosat of the spooice oeour in low consontrations in the

arca.,.

Thougrn the enitinous and siliceous species are
dominant iu thc uppor half of the cstuary, not all the
specio: are equelly distribuscd in the area. Of the
11 speoies, Yiliomiing fusea (iredy), Zroghsmmine jnflsts
(Moutague) aud Segoammine gphaeriocg £ars ogcur iu
chundance in the upper reaches. Of these threco dominant
spocios Irochsumina influtas is abuadent in the middle
rogion of the estuary uud they account for about 60%
of the total fouua iu that erea. Milicomine fusce
shows the highest population in sho upper most end
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(station 15) foraing about 55% of tue total fauna,
Sagcemmine sphaerics 8lso esocoms to0 bo dominant in the
uppoer rogion (stations 11-15) constituting adbout 20«

of the fo.aminiferal feu:a. Other major epocics
distributed in the areoa are¢ Irogchummina nisida Sredy,
Ammobuculites foliegegus Braedy, Amsoltaculites tayloreueis
Cusuman end woters and A. gilotatus Cushmon and
3rouniceann. Though theso epecice are common throughout
tho estuary tuoir nmumber deorouses towards tue lower
roochoe. In eome of tue stations in thc upper half
shoy account for avout 10% of the total population.

The lowest numbor of specivcns foramiiyz lose thac 107

of the total fsuum belongs t0 the epoeios _:eophax

8cottii Chastor aud R. gattells fioglu:ud in the upper
goue. The specios Textulerig axg lutinans 4°'OUroigny

and T. goniga 4'0Orbizny constitute lese than 10% of

the total populatio:n in the middle and lower rezions
of the cstuary.

In addition to the 32 species recognised from
the stuarine environmont somv other spocies arc also
found as live spoocimons in the barmouth arecs (stationt).

But tueir ogourronee appcers to be rostrictcd to tuls
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areca only and that $00 in the bigh selino eondiiions
of tho barmouth region during the pre-monsdou period
anéd they are never fouud living in sumples from other
stations. £inco the occurronce 5f these species is
restricted to the barmouty area in s high ssline
condition (ebout 30%:5) asud their number ie negligible
in the arca, it i+ ebvious that thesc s .ecies are
cherectoristic of marine havitat and buve ouly very
little tolerance capacity iu the ocetuarine ouvironaent,
Ruwerigal density

The results of the survey conductod for two
ycr‘\rcv.al that tho foruminiferal founa iu the estuary
i¢ rieh numerically. But she total number of live
forami:ifera preseont in the ssaplo shows con:iderable
variations. In order to havo an overall pieture of
the distribution of tuc forcmiunifors in the estuary,
monthly moan valuee of the total population eand sther
esological fagtors huve been determined. Tho details
of the numerical density at differeut stations are
giveu in Pig. 6. It showe that the numbor of
individuals por (10'0@?’ surface sediment varioe from
8 to 80 in the pro-monsosn montus, a %9 42 in the

post-mousI0n period and O to 11 iu tho mouedon mouths.
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Analyeis of the live populations from
different months reveals that the largest live
population sgours shroug:out the cstuary in the
pre-monsoon months. In the post-monsoon peri.d a
medium density of population oxists Suroughout the
estuory. But the live population is lees iu tho

aonsoon months,

When the total mumbor of livo epeciueue ere
taken into asosunt statio.s 11 aud 15 record the highest
valuos with coungontrations of 80 end 78 individusls
rospectively. Eiadlar higu doueity of total individuals
is obsorved at statious 10 aud 1 with tho values 74
aud 65 respectively. Etations 9, &, 7, 14, 4, 3 and 2
support relatively large populations with 63, 48, 46,
42, 43, 38, and 34 living specimcns rospectively. At
stations 6, 13 and 12 sho sumples cuntoin & mexiaus of
14, 13 and 8 specisous respoctively. Tho loast value
of live spocimons is obsorved in ptation vifh‘bnly
6 dindividuals. The montily average of live specizene
in the turec recasous arc given in the Table 3.

Spegies compositions
Nottom sampleos of the Yewbansd estusry yiolded

32 speolos of live foruminifers represc-nting 16 genera
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Table 3 Sousonal variations in monthly moan values
of living foraminifors in the Ve :banad u;ury.
during July 1973 = June 1975 (por (10 o»)® semple)

“tation Pro-sousoon Monsoon Post-monsoon
Cal. Bil. Total Cal, £il. Toial Cal. €il., Total

1 63 2 65 - - - 21 4 25
2 3. 2 34 - - - 3 17
3 35 3 38 - - - 8 319
4 36 7 43 - - - 3 2 5
5 5 3 8 - - - 3 2 5
6 1 3 1 - - - 3 3 6
7 35 2 46 - - - - 10 10
& 2 2 48 - 1 1 - 12 12
9 2 3 63 - 3 3 - 18 18

10 21 53 74 - 5 5 - 22 %

11 12 68 80 - 6 6 - 28 2

12 - 8 8 - 2 2 - 5

13 - 13 13 - 2 2 - 7

14 - 42 42 - 8 8 - 24

15 - 18 T4 - 1" 11 - 42

- E W AP e W A g O G A S WE T WP gy W W E S o G G A @ G W S e = W

Cal. OCalcarcous
€il. S1ildz200us



in 12 femilice. The collectioas iuclude galecarecus,
chitinous oud siliceous specimensj tuo sajor portion
(66%) of the asromblage being caloareous. All of
thom aro bouthio, living on sandy, oclayoy and silty
subetrutes. Tho calcarcous forominifora is csmposed
of speecios with imperforcte or porforate testes. The
porforato group hes tue largeet numtor of fumilios
(5) ond most gouora (&) aud specios (17). The
faporforuate family ¥iliolidec has only 4 spoeies in
2 gonerna, The clagcified list of foraminifera is given:
in Table 4.
Arouageous=i 37 niferas
Aronaccous—-agilutinated specimeus eounsist of
c...tinous uau siliccous tosts eumposcd of foreign
partiocles bound togoiher with cemeit. In tho most
oarlior groupe of foraminifera, tue primit.ve chitinous
tests are developod. The tost of this prisitive forue
ie of cuivin and tue foreigu materisl is added o.. tho
outor porsion. Truly shitincus toste are developed
only in a few groups partioularly in tho families
Saccaaminidae and ©ilicinidae.

Pauily Soccamminidae is ropreosonted by a single
species which ce.urs widoly in tho upper part of tue
area. Pamily feopuncidac with 2 spoecios forums the
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Table 4 Clcessified list of foramiuifera collected
from tho Vembanad estuary

Yamily
Subfamily
Genus
Pomily
Sudbfomily
Genus
Pamily
Genus
Paully
genus
Pamlly
Gonus

Saccasminidac
S8accammininee

Beccemmips Sars
Ssqoemmips pphaerige Sars
Reophacidae

Reophacinse

Roophax Montfort
Reophax sgottii Chaster
Reophox guttella Hoglund
lituolidae

Amzobagulites Cushman

Aasobsoulites foliageous (Brady)
A. taoylorensis Qushmsn and Yetors
A. dilatatus Cushman and Bronnisann

Textulariidae

Textula.ia Refrance

Texgulsrig agzlutinans 4'GCrbigny

2. goniga 4'Orbigny

Silicinidse

Milismmina iierron Allen and Farland
¥iliammino fusca (Brady)



Pamily
Subfamily
Gonus
Tamily
Suifamily
Genus
Gonus
Pamily
Genus
Genus
Family
Gonus

47

Trochamainidae
Trochammininae

Troghammina Parker and Jones
Zroghesaine jnflate (¥outague)
2. nitids (Dredy)

¥iliolidae

¥iliolinge

-uingueolooculina 4'Orbdbigny
Suinquojogulina ggglutinens 4'Ordigny
g. seminulua (Linne)

9. bigornis (Walker and Jacobd)
Irilooulins 4'0rbigny
Triloculine oblonga Montague
Nonionidae

NHonion Montfort

Nonion bousamum Made

H. seephum (Pightol and Moll)
N. sloani d4'Crbigny

Elphidium ’‘ontfort

Elphidium grispum (Limne)
E. advenus Cushaoen

E. magollum (Pichtel and Moll)

E. graticulatum (Fichtel and ¥oll)
Camerinidac

Qpereujina d'Orbigny



Geonus
Family
Subfamily
Genus
Pacily
fubfamily
Genus
tubfamily
Genus
Genus
Yaully
Gonus
Pamily
fubfamily
Gonus
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Operouling gramuloss leymerie
Qperoulina gomplansta (Dofraneo)
Qperoulinells Yabe

gpereulinells gumingii (Carpenter)
3ulisinidae

Virgulininae

Soliying 4'Orbigny

Bolivina nobilis Hantken

3. stristule Cushman

Rotaliidae

Diseosrbinac

Disgorbis Lamarck

Disgorbis orbicularis Terquom

D. rosages 4'Crb. ny

Rotaliinac

Rotalia Lemarck

Rotalis (Ammonia) begcurii (Iinne)
Jjotalic galear 4'Orvigny
Amphistoginidae

Amphistegine 4'Orbigny
Auphistegine leseonii 4'Orbigny
Anomalinidec

Cibicininse

Cibicides Montforxrt

Cibicides lobatulus (¥alker and Jacod
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least reprosontutive in this group oeour:ing very
rarely in the collootions. lLituolidae ropresoc:.ted

by 3 spoeies have beon recorded from the middle
stations. Textulariidco reproscanted by 2 spocies

have & moderate oecurrence at the lower scotion of

the estuary. Relatively large nusber of chitinous
foraminifore belongs to the femily Silisinidac and

tho single spocio Miliscmine fusga (3rady) out-nucber
all thoe other shitinous species at tho fresh wuter end,
Famlly Troeh mminidue iuncludes 2 spooics and has ite
waxizum intensity in the aiddle region of the setuary.
Tho speoics Trochamaina inflate (“outaguc) constitutecs
mo:¢ than 50 per gont of the totsl egglutinatod
foraminiferal fauus.

Calearcous foroe!

Thoe amjority of foramtuniferal fauia has
calcareous tosta. Thore are two types of calearcous
tosts, iaporforate and porforate. Imperforate group
is tho most primitivo, which is o:ton referred to in
tho literature && porcellsnocus. &pooice bLelonging to
tue fa.1ly Miliolidoe are with chitinous inner wall,
stiowing their arenncecsus anocstral charactor. The

periorate caloarcous forws are rofoerrsd to as hyaline,
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Caloaroous is,erforate group ie represcnted by

4 specios in 2 gonere bolonging to tue family
¥iliodidoo., Epooimens of this group are eonmzon at
tho lower scotor of she estuary.

The majority of the spocies belongs %o tho
oaloaroocus perforate group. Tuis group includes 17
epcocios in 8 geonore and 5 femilies., Among these,
fanily Rotaliidee is the best reprosonted and it
iucludos 4 spocies in 2 gonora. FNumerioally Ammonis
beogarii is the most predominsnt spociocs in the lower
roachios of the ostusry amnd it forus worce than 50
per cent of the total population in the ares. PFemily
Ansialinideo is roproscnted by a eingle specios which
ie common in the lower part of the estuary. Paully
Nonionidae comprisos the most varied group in auaber
of spocices with 2 genera uvud 7 species. Funerieally
thoy are scoond in abundence at the marine end.
Individuals of thiz group amount t: about 20 per cocat
of the total populasiou in the ares.
Distribution of deod shellss

Both the living and dead spocimens were eounted
from all tho statione and the numerical adbuudonce is

shown in Pige. 7. In order to have an sverall pattern
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of oocurrence of the deud specimens, monthly mean

valuce of Sho threo seasons are given. Only the
total nmumter of dead shells at each stetion was noted
and the deed individuals of tho same spooies was not

counted separstcly, as donc for tho liviag specimens.

The distridution of the ealecareous and siliceous
lﬁccinnao variee agcording to the sonal divisions in
the cstuary. FEmpty tests of scalearcous forss are
dominant in the merino sone. Dead sholls of sll the
estuarine species have beon found in the lowor part.
The barmouth arca (station 1) is obaraetorised by tho
proscnce of tho desd shells of all the marine forms
in addition to tho estuarine spcoies. In gonercl the
nuabor of marine forme deorcases in relation to the
dooreasing influenso of seoa wator and thoy are eompletely
abscnt in tho upper part of the estuary. Rolatively
largs numoer of dead shells of the ecaloarceus forominifers
belougs $0 the family Rotsliidee. Whon the living
spocimons of BRotalig bogoerii are seen upto & distanco
of 35 km (station 11) from the¢ barmouth, the dced
sholls of thie species are fouud at a distance of 46 kn
from tho barmouth 1.c. tho empty tests of A. begoarij
are distributed upstreans 11 km boyoud the limit of
living spooimeus. [Howcver thoy are nos found living
beyo..d station 11 and th: dead shells are abundant in

the assomblage.
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Dead sholls of chitinous and siligeous spocies
are sosarce in thc lowor estuary while they form the
characteristic sodimat of the upper part. The desd
specimens in this areos aro dominated by the species
¥iliemuiua fusgs end Sagoamsina spheeris. Empty
tosts of Iroghenmina inflste end Amsobeguljtes diletatus
are dominant in the middlo region of the ostuary.

Cthor chitinous and eiliceous sposcies are, fouud rarely.
As regerde the chitinous and silieoous fo ms the total
doad spooimens range from € to T8 at stations 12 and 1§
respectively.

Jive~dead retios:

Tho number of living specimons and dead shells
varies from a minisum of 5 and 40 respocetively st
staiion 5 and to & maximum of 65 and 1800 respoctively
at station 1 per sample. Tho low values of dead
sholls are found at statiome 6, 12 aud 13 whore the
numver of dead shells are 75, 40 and 130 respectively.
The mumber of living spccimons at thesc stations are
14, 8 and 13 respoctively. An average of 260 dead
specimons are found in other stations. Distridution
of the live - dead ratios of forominifers is given
in Pig. 7.
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Abeolute svundapges
The eoungept of absvlute abundanec of live

forominiferal populetion has beon introduced by meny
workers like Nandy (1954, 1964), Sandy e% &) (1964, 1965),
Harmen (1964), and ¥Yc Glasson (1959). All of thonm
hove giveu She numbor of spocimens by unit weight of
the surface secdiment. In the case of thesc
aigroorganisue it is difficult to oxprees their live
population in biomnss, by taking the live weight of
tho ani als, as it is not caey to soparasteo all the
specinens from the mdiment. Tho mothod used by
Phlegor (1960) i.c., the numbor of foraminifora in a
unit erea of (10 cm)a is followd in the present study
for ostimating the sbaolute and rolative abvundango

of living forcminiferal assomblage. This method of
quantifying living foraominifera in @ uait area of

(10 on)2 has bocn uscd oy meny of the roecoat workers
also (Bradshew, 15683 Murray, 19568 b; Rao and Reo,
19763 Albani 1978).

The absolute abundonse of the live foram.nifera
ie shown 1. Pig. 6. 0On tho whole the forasmiciferel
founs in tho estuary i2 rioch numerieally in the

pro-monsoon scason aad poor in the monsson coason.
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Prom June to Septenbdbor esleareocus forus arc absont
thfon;hout the estuary. The ohitinocus and siligoous
forms aro also relatively few during Sheee months.

The low absolutc avundance in the monsoon wonths

affocta the eorresponding rolative sbundance of spocies,
making the latter not so r liablc when used in comparison
with other scasons that have higher foraminiforal

cougentrations and reolatively uore numbor of specios.

The total standing orop in the area nover
exoceods B8O specimens (station 11) per (10 ea)2 samplo
throughout the yoar, The highest eonccntrations are
found 1. tho mid.ile seotion of the estuary. Prox the
middle regiou there is a gradusl doercase in the total
number of individuals towards the lowor part., Stations
5 aud 6 in tho lower half and stations 12 and 13 in
the uppor half have the lowest abeolute abundenese.
ttations 1 to 4 are characteriecd by the presence of
caloarcoous speoies and sitations 14 and 15 are noted
for the ghitinous ond silicoous forms. Thue tho arca
of investigetion shows marked variatious im the

absolute abuudange of foraminiferal populatio.s.

Poraminifera i:.. general, particularly the
calosrecus spocociocs shows goasonul variatione in tuelr

absolute sbundance. Tho pro-moneoon period supporte
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the highost populatiou throughout the estuary unmd

the monsoon poriod the lowest consentration. In

the monsoon poriod no ealeoaroous living forss are
seon and the onitinous and silicoous specimons are
vory poorly represcnted. Tho scasonal flustuations
in the diversity of foraminiferal pipulasion are

more pronou:ngod in the aarins end of the ostuary than
in the frosh water ond. The fauna shows ite minimuns
donsity in Juno=July months when the living caleareous
foruminifera are coapletely absent., Calcareous forme
begin %o appear in tho lower r:aches of she estuary
from October onwards and iu $ho middle region from
Degomber onwards and attein the suximua population

iu April-Moy. The fauna does not rovesl eignificant
variations in their sbsolutc abundance in Horeh, April
and May,

The result: of the iuvestigation show thut
there is groat diversity in the gounore and spocies, at
various statious. 0Of tho totcl 16 genora rocoganisod
in the srea thc msxioum value (13) is obsorved at
station 1 and the sinimum (2) io station 12. 1igh

valuos of 8 to 11 genera are notiecd at stations 2 ¢o 1
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oxcept at station 5 where only 3 genora are found.
The valuce are found to bo in & doercasing order froa
the uppermost area downwards upto station 12 and the
corresponding valuee are 5, 5, 3 and 2 at stations
15, 14, 13 and 12 respectively.

Spocics dive :

Por moasuring the spoecies divorsity a rare
fraction curve ie plottcd following the meothuodology
advocatod by Sanders (198). The rare fraction
curves obtained for tho foramiuifora frou all the
15 statious are given i Pig. 6. The mea.: valuos
of the standing erop during April 1974 and 1975 arec
taken for preparing the figure. Thoe fast thot the
fauna is varieablo with both the nuaber of epceies and
individuals of cuch species i the sanmple is clearly
evidont. A comparison of tho mumber of iadiv.duals
with tho mamber of speciczes gives an idea of the varioty
of the foraminiferael populatious et different stutions.
The pattern of distribution ies found to be quite
differont from one stetion to anothor. Tho largost
numbcr of specice is found at station 1. Tho lowest
speelios diversity is noved at station 15 though thoe

nuaver of individusls at this station ie more. From
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Pig. & it is evidont tuat tho low spcoies diversity
is notod at stations in the upper reaches of the
ostuary (stations 11 to 15) lnd hizh spocics diversity
at stations in the lower reuches of thue ocstuary
(stations 1 to 8)., This could be directly aettributed
19 tho prosenge of largo nunbor 3£ ealoarcous marine
foras proscnt iu the lower half of tho estuary. Siuce
the foraminiforal founa in the lake, sspeeially in the
lower sootion shows sessonal fluotuations ascording to
onvironmcutal shanges the population density and the
spoelics divorsity are not constant,
€ omiuangos

All tho spoeies are not equslly distributed
throughout tho estuary. O0f the 3. speoies only 4
spooics - Amsonie begosrii, Segcemming sphaerica,
¥i)ioamine fusca, eud Iroguomming jnflots - are
dosdinant i theestuary. Tho ealearcous spociocs
Ae begearii constituter & maxizum of 704 of the total
populstion at station 6 aud @ minimus of 207 of the
population at station 10 and its oocurreiice is
rostricted to the lowor half of the estuary. The
spucies £, sphecriga and ', fuega oonstituse upto
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65% of tho total individuals at tho stations of its
oocurrenge in the upper reachcs of the estuary
(stations 11 to 13). The middle region (stations 10
and 11) is domineted by T. inflata which tora-’60$

of the total population at those statiosns. In gonercl
more than 50% of the total foramiuiforal population
in the cortuarine somplex is formod uainly by those

four dominant spocies.

Relative ebu.dapges

In the arca under investigation tuore is a
conspicuocus scgregation of spcoios iuts rstricted
arcas. The calcarcous specics are found restricted
t0 the lowcr half of tho estuary snd chitinous and
siliceous species are found in the uppor rogion,
though somo arc also fouad iu the lower part in
fow numbers. The highost conecntrations of total
individuals are found at stations 1, 10,11 cud 1%
and the lowest concentratione at stations 5, 6, 12
and 13. Tho highest number of spceies (2:, 12, 13
sud 15) aro found ot stotions 1, 2, 3 ond 4 rospectively
aad the loweat eoncenirations of 3, 4, 2 and 3 are

founa at stutions 5, 6, 12 and 13 rospootiv:ly.
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Statious 14 and 15 are also represented by 5 aund 6
spcolos respectively. Tho conoentrations of individual
spocios show a marked increoase at stations towords

the lower part of the estuary. The distribution of

spocive at 8 stations ie shown in Table 5.
Yortical distributi:

~ltogetucr 24 sumploes wero taken for the study
of the versieal dietribution of the foruminifera. It
was obsorved that in all tho somplos foraminifcra were
confinod to the $ep upper 1 om surfaco samplo. A
deteilod analysis of the population rovealed that more
than 90% of tho total fauna were found in tho upper
loyer during all the seasons. Only s fow specios like
Amgnic begcarii, Slphidium erispum end Quinqueloguline
sesinulum were found ss deeper penetrants and these
spociecs were rooorded upto 2 om depth. It .was
interesting to note thet A. beggarii was found to
peuotrato still deuper and werc obsorved upto 3 co
depth.

The vortical dietribution of {oraminifera is
ocorrelated with scasonal enviroumental ehangos. The
poet-monsooi period when the sulinity is lower than
that of the pro-monsoon poeriocd tie foraminifora are
scon tO oecur & little decper. This scasonel difference

in the vertical distribution is msore pronsunced in the
spcoies A. boggarii.
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Risouseion
Eurizenmeotal Segtors

£tudy of tue ceology of forasinifera has
experionced diffiocultics owing to overlapping morphologieal
sharectors. lany of tho charactors considorod %o be of
taxonomic value undergo murked chengos in the varying
ecologicel conditions. It is obvious that only a
coordinated study involving foraminiferas from the merinc
conditions as wcll as from estuarine onvironaeut amy bo
tho right ap roach to syntucsise information and o
clarify the meorphological and ecologieal prodlems.
The results octained in the prosent study, through
tho ficld investigation have proved that the veriations
in the eshomical and physicel propeortics of water in the
areg influence the distribdution of the foraminiferal
species.  Tho offect of cnvironmental factors have
strong eoutrol in the aseomblages of foreminifeoral
population.

Ascording to Erebs (1978) the distribution of
o spocice is eontrolled by thot environmontal factor
for which tho organisa has the narrowest range of
adaptability or gontrol. Therefore tho hydrographical
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studios are important to interpret the potentisl

aud reoalise the niches of differcut foraminiferal
speeies with respect to varying ocological conditions.
The preoscut investigations on the physical and chomiocal

paremetors of the euviroumont are discussed bolow.

Tomporatures

Por tho ar.a uuder investigutiou as & wholo
the pattern of variation of temperature is bimodel. A
similor type of vscillation of somperature has been
noticed by othor workers also (Ualakrishnai, 1557;
tasamirtham and Jayarssa:, 1963, George and Keartuas, 1963),
During Mareh=April the atmosphorie tcmperature is high
and there is preetically no reinfall. This results
in hi;h water aud sodimont tompereatures during this
period. June~luly can be oonsidored as the active
period of the sout: west monsoon., It can be secn that
from tho beginning of the monsoon, tho temperature
stows o fecroase. During tuie poriod the sedimont
tcmperature shows a fall of about 0.5°C. The slight
deoreasc in temperature during tue post-monsson period
may bo due to the drop in the atmospheric teomporature.
After this poriod tho atsospherio temporature steadily
iuereased and the puttern ies roflected in the sedimont

aud wator tomperature.
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The difference botweon the hot aud cold
scasone is very great in oolc countries, whercas a
more even tomperature eondition prevails in the
tropies. 60 asclimutisation to seasonal vaeriations
of temporature is eassier iiu the tropice than in the

teaperate regions.

Considerable attontion has beon devotcd by
many workers on the eorrelation betwocn tomperature
and the distributional pattern of forsmiuifera. The
range of tolerance (the lower 11:1t and the uppor liomit)
of teaperature for tropienl spocices is grestor than
temporate specios (Arnmold, 1974). S5 in the goographie
distri.utio: of foruminifers temperature is known to
be an important ceological faotor. IDradehaw (1961)
by eonducting experiments, showed that the roproduction
i1. foraminifera oecurred only within & narrow tomperature
range different for saoh species. Ho pointed out that
evonthough foreminifera rcached maturity, it would
reproduce J.ly if th: temperature eondition wae
favouravle. Aecording 1o him forcainifors roproducing
at low temperature have more chamieors oand & greater
acon sige thben those whieh rxoproduce at high texsporatures.
Bradstew (1961) bas shown thut Ammouia begoerii
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reproduges at an optimum semporature between 25

and 30°C. Majority of the foraminiferal specios

are poikilotueramic. Some are curysuermsl (bhaving

@ wide tolorance) while othere are stendthorsal

(having © norrow tolerance) as statoed by Murray (1973).
Based ou the control of temperuture on foraminifexra he
hos hes defined five oritic:l tomporatures vis. (1)
maxioun tempersture f£or survivel (2) maxisum
tsozperature for succoseful reproduction (3) optimum
temporature (4) miniaus temperaturc for suscossful
reproduction sud ($5) minimum tomperature for survival.
In the area under investigation the saximsum tomperature
rocordod is 32.2°C oud tho nminimum 26.7°0. This shows
the annual range of variation in tempoersature im the
area is 5.5°0 and the temporature values are within

the rouge of tolerance of all tho epecies. Murray (1973)
has suggested that the ruonge 5f temperatare for Sue
reproduction of ta. tropienl foraminifera is botween
25-3%°0, In gonersal tshe foraminifeoral abundange rol:l’m
the same trend as tho temporature. But it ies diffiouls
to dotermine tho effect of tempersture on eash spocies
basocd on field obsorvation. Cine¢ the temperature doos
not go lower then 26.7°C and higher than 32.29C in



the eourse of the yoor it does not seom t3 be a
loeal liamiting faoctor in the securrenge of these
cnisols in the loeality.

gal.mitys
Among all the Lyérographissl factors studied

salinity ie found %o be the most fluctusting faotor in
thio area. Tho salinity putteran in the ostuary is
considorasly iufluensed by rivers and roin-fall. ¥ost

of the tiae in the year brackish watoer conditions

provail in the estuary. The meximun solinity is

resorded iu pril-May (30-33,5%.). This period ie dry
with lese raiufell., %ith the onset of tho south west
monsoon the flood weter discharged froz the rivers

causos a steop i;elino in salinity during June=July.
During this poriod very low ssline eonditions (0.15-3,0%0)
prevail in all tho stations. The influeace of iutcrmitant
rein cun agein be semnfluring Septembor-Ostobor, when

the arca is under She influenco of the north-esst

mousoon. PFProw Cotober ouwards the salinitiy gredually

inorcuscs t0 reuch an annual peak in iprileiay.

Tho sal.nity conditions in tho ares is as follows:
In June=~July the cdnditisue of the oatire luke ie
oligohaline (sclinity 0.15«5%c), Prom Jctober to

Docomber tho scme cond.tion i& oiLserved in the upper end
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of the oztuary. During this period polyhaline
couditions (salinity 12-30%.). prevail in the middle
region. furyl.oline conditions (saliuity 30=33.5%.)

are scon from November to May i:. tho lowor part

while polyhaline oconditione (salinity 1b=30) are
noticed in the middle reogion. During thie period
mosobuline (salinity 5-19%.) ocad oligohsline eonditions
arc recorded iu the upper part,

Fig. 9 esnows thaet the foraminiferal aseemblage
follow: thc sume trend aes thai of sulinity. Gonerelly
populaiions are atundu:nt at staions witu szlinity
runging from 15-33,5%., Agglutinated species appear
to thrive in limmetic to meeochaline conditions that
proveil in sho upper rcaches of the srca. In she
lower rooehes of tho ostunry where polyhuline %o
eury.aline conditions oseeur, caleazcous spocice are
fouud, Extrome variations in salinity sces to control
tue distribution sud sbundsnce of foraminiferal specioc

in diifercent wuter bodiee.

Bince the fluctuations in other ecologioul
peramotors are not so significant, salinity oan be

considorcd as tho wost potont faotor affecting the life
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of foraminifere in the estuary. Roviows on the
offeots of s:linity on marine organiens are available
in the worke of Robertson (1957), Moore (1958),

Romane and Sehliepor (1998), Nicol (1960), Prosser
end Brown (1961), Kinne (1971) aud Vernverg and
Vornborg (1972). Studies on the effects of salinity
ou foraminifere have beun reported by Bradshaw (1961,
1968), Busas (196:), Kie.ol end Norton (1969) and
Mur:-ay (1973). Changes in salinity affect the ocemosis
of marine foras. It is geouerally ascuamcd that
forasminifora are isotonic with seu water, ond they are
thercfore docoribed as poikilosmotic. Fresh water
species aro hypotonic to their environment end are
.desori.ed as homoiosmotic. [Irackish water forme ean

fall into eitber category.

As rogarde the estuarine foramicifera, spcoies
tuat are roustricted to msarine oonditions are stonohsline
und others shat tolorate hyposaline or brackich water
eonditious are ouryhaline. Majority of foruminifera
are believed %0 bo stonuohaline, i.c. thoy will tolerate
only suaull ochougos of ealinity. Only s few spoecioes of
foraminifers are euryholine ai:d those aro found in the
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estuerine environmont. The majority of hyposaline
species include ehisinous and eiliescus forms aud
theso arc mainly confined to low suline conditions.

They ocour rerely in the normsl salino wator.

Changos in salinity affect the denaity of

water and its ocemotic effeot on the foruminifera.

In low salince oconditions thesc shelled prososoans
are unable to ssintain the pseudopodiel roticulus
outside tho suell. Consequentl; they do not live in
hyposcline waters. 80 salinity is the most important
limiting fastor in the gecurrence of the foruminifera
iu the estuary.

As pointed out by several vuservers, the
penetration of foraamiiifera iuto the cetuarino eomplex
is a chargscteristic feature of the tropios. An
interesting fast rogarding the foruminifersl faune in
tho estuary is the ocecurrense of numerous adaptations
in the modo of life of aniucls of marine origin, which
survive $5 fasilitate their life im the enanging
environmeuti. The different spocies show varying degrecs
of adjustment in their tolerance in the braekish

onvironment.
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Murray (1968b) used tho method of comparing
the range of sulinity eonditions with the ogcurrence
of spocies at each loenlity in an estua:y. Tho
foramiuifore that have invaded the Yembanad ostusry
show a eloar preforense o gertain salinity eonditions
in the pattern of their distribution (Tadle 6). The
foraminifera in the Vembanad estuary can be divided into
four grou;s following Marrey (1973) based on the lowest
salinitios to whiech they survive.
1. Etenchulinoe marine formss Stenchaline marinc specios
heave restricted tueir oecurrence in thoe barsouth areca
and are not transported into the estuary iu living
eondition. There are true stenohaline msrine caleareous
spocies whioh are transported from the scu to the barmouth
0of she estuary (station 1). Thes. forsmiuifere live
only in association with high sulinity eonditious eabove
305, The following species are iancluded in this
category.

Amphiisteging Jeesonii 4'Orbigny
Elphidius sxcavatus Terques

Elphidiup trenslucens Natland
SpArAllins yivipers Ehronverg
Planorbuline mediterrenensis 4'Orbigay
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Qangris aurigulus ("ichtcl and Mell)

Bota)ia youussras Brady

Disgorbis globularis (d'Orbigny)

Discorbis sllomorphinojdes (Reuss)

visgoruis yilopdebosnn d'Orbigny

Henionells banskeni Cushman and Applin

Cribromonion delicat.lum ‘ermudes

Trapestuline boldingerii 4'0Orbvigny

Hangaweia strottoni Ap;lic

Poneroplis pertusus (Porsk)

Quiugueloculina goetata 4'Orbigny

Zriloouline yrigarinate d'Orbigny

Bolivina yedesqens Cushuan

2. barine forss ablo %o tolerate s.ell veristious in
solioitys Of the 21 ealcaresus spocies rocorded from
the estuary 4 spocios have agclizatised to & salinity
of abgut 28%:., Those species are distridutoed in
statione 1 to 5 exteunding to a distanco of ¢ ka from
the barsouth. The tolerance limit of tnesc 4 species
sccue %0 e slightly nurrower thaon the othor speocies,

The epccics included iu this cetogory sre Jpereulina

granuloss Leymerie, j. gomplunate (Defrance), Uperculinells
eusdngli Carpontor and Diegoriis orbioularis 4'Orbigny.
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Tableo 6 ILowost sulinitios in which various species
of live foraminifera worc collected froa
tho Vembanad estuary during July 1973 -
June 1975 and the nature of salinity tolerance
reported by differcnt autiuors

Epecics Salinity selinity Author
Ssgoemmins sphaerics Sers Prest water PFrosh water Murray 1973
Hyposaline
Reophex scoftii Chaster 5.0 Ryposaline Hurray 1973
Reophax gagalla Hoglund 7.5 Hypossline -

Amsobaculites m.'(%
Brady) 8.0 Hyposaline Schafer 1969

Cushman end watexrs 7.0 Hyposaline Murray 1973

Asuobaculites a
Cushaen snd Hromnimomn 8.5 Hyposaline -

Textujaria en}.u&%a
roigny 21.5 lyposaline
Normal merine Albani 1978

Jextularia goniga 4°'Orbigny 22.% Normel marine Albani 1978

Miliesmina fusce (Brady) jgresh wator Fresh wator Boltovakoy and
Hyposaline Iena 1971

Zrochammine inflata Moutague Presh water Presh water Ramenathan 1970

Hyposaline
Irocuamaing nitidu (Brady) 5.0 liyposaline -
*Orovigny 26,0 Hyposaline vright 1968
Normal msrine
nne 23.5 Hyposaline Murray 1973
Normel amrine
Hiypersuline

nque ns b
w&z,éﬁ% 25,5 Hyposaline ¥urray 1973

Normal marine
Hypersaline
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Irileguline oblongs (Moatague) 26.5 liypossline Porti and
Normal merins Roettger 167

Honion conus Hade 2545 Norual merine Murray 1973
Nonion sgaphus (FPichtel
and Moll) 26,0 Normal marine -
NHonton sloani 4'Orbigny 24.0 Hyosaline Albani 1978
Hormal xarine
E)phidium grispus (iinne) 24.0 Hypossline ¥urray 1973
Norazal marine
Hypersaline
tlphidiun advegum Cushman 24.0 Hyposaline ¥Yurray 1973
Normal serine
Aypersaline
3lphidium (Fiehtel : ,
and Moll) 24.0 Hy posaline Albani 1978
Normel marine
Rypoersuline
Zlphidiua m&a&kjﬁ (Pichtel
and Moll) 24.0 Normal marine Levy 1971
Hyporsuline
Qpergulins gremulosy
leymerie 28,0 Normal marine Murray 1973
Qperculing
renee) 28.0 Normsal merinec -
gpoxoulinella
Carpenter) 25.0 Formal marine -
Bolivina nobilis Hantken 26.0 Formal marine -
Bolivine ptriatule Cushman 25.% Normal marine “urray 1973
Discorbis
*orbigny) 26.5% Noraal merine -
;48 rosagea (d'Urvigny) 0.0 Hormal marine -
Rotelia (Angg;n)bogg;% 19.5 Hyposaline ¥urrey 1973
. linne lorasl marine
Hyporealine

Rotalia galgur 4'Orbig 2..0 Normal marine
ciEIo%Zu igs_ﬁsuga (Falker  23.0 Normsl moringurray 1973

nwd Teanh)
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3. Mpderately euryhsline formss HNine ealearcous

marine specios are typical ocuryhsline foras which
oonstitute the important migrante from tho soa to
estuary. They are aseclimatised to & salinity ss low
as 26%:, Theso spocics are never found ponetrating
beyond station 6, 16 km from the baermouth. The
following spocies are includod in this group.

Suinqueloculine bioornis 4'Orbigny, 3. Agglutinans

4'Orvigny, Friloculine gblonge Xontogue, Yonion
scaphus Piteutel and *oll, X. boweanuwm Hade, HJolivina
povilis Hantken, ). gstrisiule Cushsan, Rotaliae galear
4'0rdi ny and Discorbis rosaces 4'Orbigny.

4. Highly tolerant curyhalice forms: Eight sjccies are

found to oecur in the part of Suc ertuary with a low
solinity of sbout 24%., 24 km (etation 9) from the

barmouth. They are juingqueloouling semiouluz linue,
Nonion gloeni d'Orbigny, :ilphidium grispun (Iinne),
Je advonug Cushmen, k. pecellum Fichtel sud Moll,

E. gsoticulotus Piehtel ana Moll, Cibicides Lobatulus
¥alker and Jae.b end Amugnias begeerii (linne). Of
there 8 spucies A, beggarii, the mejor inhabitant of

tbe oontinental suelf rogion of Kerasla ie found to
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pexnstrato inwards and porsiete upto a distaanse of

35 ka from the barmouth (stetion 11) in sslinity as
low as 19.5%.. It is to be notod that this spocies
differs from all others in that in tho estuarine
conditions it poesccses 8 rigid erenscocus periplest
£or withstanding the adverse onvironsental gsonditions
in the estuary. While the 7 specios included in this
catogory are true ocuryheline forme, A. degosrii

is ocuryhaline es woll &= hyposaline in the area.
Murzey (1973) also hus cousidered A. bogoarii ss
ouryhaliue an: hyposaline. The highly tolerant
euryhnline species in tho estunry ere moet ofton

encountored as true estusrine forms.

Regarding the salinity tolerance of ghitinous
and sllcoous spocios in the cstuary sll of tuca are
euryhaline forus. They often tolerate lower salinity,
some persisting oven ia fresh water eonditions. The
chitinous and siliceous species also show various
adaptations in their mode of lifo in the estuary.
¥iliopsins fusos (Brody) end jeecamsina gphuerige sre
found associated with the frosh wuter eud of tue

estuary where tue sulinity is below 15%c, Theso two



species whieh profer low sclinity conditions are
permanent inhabitants of the upper end of tho estuary.
Trogusncing inflate Montogue, the dominunt specios in the
middle region of the estusry prefers a medius sslinity of
about 15 to 20%-. The remeining chitinous and siliccous
spoecies are distriduted in tho middle and upper parts

of tho ostuary in salin:ty eonditions bolow 20%.,

Thoso formes are found raroly in the high soline oondition
of tho lower part of the eetuary. “hen coapared %o the
calearoous spocies, chitinous and siliocecus forms areo

the wruc brockish water foruminifers whieh axre capabdle

of surviving the wide fluctuations of saliuity im tho

estuary.

The distribution of foramiunifera in the Vembansad
estuary shows that the majority of the calcareous spcciee
found in the csastal watexrs are stenchaline and they occur
only in norasl marine conditions. CFemec ocuryhaline and
hyposalinc spocies are found to ponctrate iuto tho estuary
and survive tuere. The suddon decrcase in the salinity
in tho estuary as @ oonsoyuonee of freshwater flow
during the monsoon period, kills the calosroous euryhaline
forms and only the chitinoue wviud siliceous hyposuline

speoics curvive,
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Dissolved oxygens

As shown in Pig. 3 dissolved oxygen shows distinet
seosonal fluoctuatious. During the south west monsoon
high values of dissolved oxygen (5.7-6.4 ml/l) are
regorded. Disesolved oxygen eomos down to & minimus of
3.2 m1/1 4{n September ncar the barmouth. Reletively
high oxygen eontent iu thc pre-monsoon seuson may be due
to tbo icoreosod photooy?thctic procese. Tho usual
inverse relationeiip botw. en disvolved oxygeu end salinity
is also noted.

The availability of dissolved oxygen for reproduction
is cousiiered as one of the importout ooologicsl factors
which oont:0ls the foraminiferel productivity in an area
(Lec 1974). It has becn sugzested thot tho lower limit
tolerated uy most foraminifers is 1-2 ml/l oxygon. Thoy
4o not live in anoxygenic conditions. According $o
Dradshaw (1968) dissolvod oxygeu is not eonsiderced as o
limiting fastor for the growth of foreminife:rs. Uxygen
oontent of tho bottom water in the present iuvestigation
area does not soccm to act as a limiting factor as regards

the oocurrenco of thoee organisms.

piis
A roview of the monthly values shows that higher

valuee of p'' are more fovourable for high eongentration
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of forsminifera. In the arcs under investigation the
pH is mointained alkaline during the pre-monscoon and
post-monsoon periode. The hydrogen ion eoneentration
in the mouscon periovd is low and it covinocides with the
lowest concentration of chitinous snd siliceous specice
and the eomplete absense of c:lcarcous speoies.
Marray (1973) has shown that tho raonge of pH from 7.5 to
.3 is gonerally fouund ugecptable for carine cslcarcous
foraminifera. A lowering of pH below tiis range may
causc the dissolution of the tosts. 3ut it hoe boen
suggestod that tuis dissolution of the teste of the
liviug specicens doos not harm tho aninal because now
shells are secroted by the suiuals on return t3 the
favourable, morc alkeline gonditions. Boltovskoy (1964)
notiesd the death of calecareocus foraminifers in pH of
f+0. In the eresuuder study froe July t5 Soptombor all
ecalcaresus forms perisu when tho pH becomos low. o, in
tuc Vembanad estuary pi is one of the factors that influence
the distribution of foraminifera.
Hutrientes

The bonthic organisme are depondent on the
fortility of the overlying water for their food supply,
and faotors which contr.l the phytoplankton pepulation

in any smrca are likely to have an indirect influence on
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tho abundance of thc dbenthic fauna. There ia
considerable evidence for sssuming that the mutrient

eonagentrotion may be a limiting faetor in the plank$on
proéuetion (Moore g% al, 1952; Remanathan, 1970;

Murrsy, 1973). The chaongos in the phytoplankton
coucontration may influence the benthie forsminiforal
population in on area (Murray, 1973). Remanathan (1970)

found that in the Vellar ostuary the enrionhment of the
foraminiferal populeaiion is correlated with high phytoplankton
production.

The priwary production values reportcd from the
Cochin baclkwaters by Qesiz ot sl (1969) show the daily
groses production as 0.5 to 1.5 ge/i?. deily net
produoction as 0.35 to 0.88 30/5? and 24 hour mot
production as 0.12 to 0,58 gc/uz. Thoce values clearly
indicate that tho arecs is highly productive.

Nutrients ocoming from the riveres mey be utilisged
by phytoplanxkton which in tur. serves as fo04 for other
organisss. ‘0 there is rclationsuip betwcen mutriente
and photosynthetic plankters which form tho food of
foraminifors.
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Belaticusiip bepwesn foramisifers sud substrate

The dietribution of foreminifers in rolation to
the su strate has bdecn studied Ly various authors
(Leodblieh and Tappan, 19533 Reiter, 1959; Todd, 1961,
Todd and Lew 1967,' 71; Ramsnathen, 1969, 1970, 1975
Yadontos and Reo, 15703 Murrsy, 1973 and Aldbani, 1378).
Some workers have established & eorrelation botween the
forvminiforel founs and the rubstrato; btut some otuocrs
failed tv discover sny relationsuip betweon the two.

In the present study forominifera appeor to be diroectly
related %0 tho .ubstrote schorsoseristios. Aecurding

to leoblioh aud Yappen (19%3) the eha:uctor of the
bottom is tho most fmportant faotor in the distridbution
of foraminifors. They huve reported thet muddy suvstrate
eontains fewer foraminifers, probably beogcause of lack
of oxygon, for tue decaying orgauic mctter sonsumes

tho supply of oxygen. Yhon tho mud is mixed with scnd
the foresminiforal population inercasos, for here the
hoterogonsous bottom allows & bettor supply of oxygen
s0 that sany forusinifors are present. Iee (1974)
studicd she sorrelation bdotween tho forominifere and
the noture of the cubstrate in the Mission Day Marsh,
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Oslifornia and determined that the species Rlphidius

exispum, E. sdvems. Sui.queleoulins semimulum,

Iroghammine inflste ond Amsobeculites dilotalus

arc ¢orrolatced with sand-silt~eclay subetrate. Phleger (1970)
sug.eetod that Ammonie boggarji, Elphidius sdvenum,
Quinqueloculins pesimalum oud Foohummine jnflste are comson
in fine grain-sise sedinont mixed with eley. According

t0 Nichols and “llison (1967) who studied the foraminifera
of the Rapphannjiek estuary in Horgshern Virginia, an
adaixture of sand and mud has very rioh foraminifersl

fauna, fiasiler results have beon reported by Murrey (1968b)
who worked on the foraminifera froam the estuarine
enviroumenuts. Remunatuan (1969, 1975) who worked on the
foruminifcra of the VYellar ostuery discovored that pure

elay or pure sand support the minimus number of forasiniforasl
fauns and silty~slayey-eand give the maxiwum population.
According to hic elayoy~sund substruto aleso gives a fairly
rich founa. Rao (1968) who studiod the foraminifora of

the Gulf of Cambay sugiested thut whore the sedixent is
muddy tho fauna is extrosely poor. Rao and Reo (1974)

who worked on the foraminifera from the Chipurupalle

stream hove not ostablished any specific eorrolation

betwecn foramiiilere and bottom sodiment., Brooks (1967)
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reported that tho spocice Asconje begeari], IZiphidium
grispun and E. adyepus show little subetrate preferencc.

The sedimont sampls fros stations 1,4,7,10,15 and
11 with clayey sand suppert the¢ maxiszus foremimiforal
population with the eorrespouding value of 65, 43, 46, 74, 7¢
and 80, spocimons respectively. TZThe locast samcunt of silt
(10 to 25%) 18 found at those stations. Bamples from
stations 2,3,8,9 and 14 wherc tho texture is sand-silt-glay
%.;pe also has rich forsminiforal fauna, Thc mumber of
epeoimons at thesc stations are 34,358,48,63 and 42
rospectively. The highost value of elay ocute:t is secn
at stations 5 aud 6 and this e:nty-oiq substrate yields
very poor feuns in the ubtundance of species aad spooimeus,
The numbor of spocimens at theso stations are 8 and 14
respectively. The highest value of 29% and 42% of »ilt
sontent is found at those stations. Tho highest
pereontuges of send oceur st stations 12 aud 13 aud this
sandy substrate supports the least foramiuiferal
standing orop with the valuos 6 and 12 respectively.

Thus tie cheracter of the bottom substrate appeurs
to hove 8 oousidersbdle ofiect on the foruminiforal fauna
inhabiting the area., Tho hi;host valuo of living
population 1s found in loceslitios whore the bottonm is
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with fino to sedium sand, mixed with low pereecntage

of mad. %here the perecnt.ge of mud inercases atove

40% she foraminiferol pepuletion decrocece. Regarding

the silt oontent, foreminifera arc mumerieally low in

the loculitios where the bouvtom sedimcut i wiih high
perecutago of silt. Loealities with coarse sand doposit
alzo have relatively lesser nusber of foraminifera. In
goneral arcas with olayoy sand or scnd-silt-elsy yield
mmxizus foraminiferal population. It is possidlc that

tho aimixture of sond and elay sodiment mey wekeo the
subtsirste loss eompeot acd this peking of tho scdiment

i: found tavourable $o0 the sccurronce of foraminifers.
811ty elay supporte the leoast population. The soareity

of foruminiferu in tho muddy substrate may be due to tho
docli..c of oxygen caused by bsaterial docomposition in

the srea, DBut in the prosent study #o specific correlation
eculd be ocetablished botwecn the ealcarcous foraminifers
and the sundy substrote bocausc the dietribution of

tucee forms is limited to thoe lowoer half of tho e=tuary
whore therc is no pure scandy subdbstrate. PYor the ohitinous
and siliceous forms the corrolation betwecn the population
and the nature of tue substrate is evident.
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In the Vembened ostuary though the living
forominiferel poyuletion shows correlasion with the
suvstrate, it meinly refloots the pattern of the wuter
charactoristies preveiling in the area. 4Aeoording to
Albani (1978) salinity and scdiment type are tho two
moet important eharactoristics in the distridution of
foruminifers. In the cese of saclinity 1t varies
scasoually eanu googreaphiecally, ond comnsequently those
ceologieal veriations in the lake are reflected in the
occurrence and distribution of tue living benthic
foruminiferae. In the present ares, as the oecurrence
of foraminifera is mueh dopordont on the behaviour of
the water charsgteristice, the seodireut claracteristie
is only a scoond major factor in the distributioa of

foraminifera.
O r ] diments
Organic eontont in tho sedimeont of the investigation

ares varies from 0.9%. (station 12) to 2,2% (station 6)
by weight of 4ry wodiment. It is relatively high in the
area during the pro-monsoon period than in the other
scasons, The physicol eharscteristics of tho sediment
influensce the agcoumulation of orgaaic matter in the
sedipent., It ie gecn that silty cley sedimonts hove

higher content of orgoxic mattor while sedizente with
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higher sand gontent have loss organiec matter eontent.
Areas with sznd-silt-clay sedimonts also have a relatiwely
high proportion of organic muttcr. The high perecntage
of organic eontent in the fine grained secdicent mey be
attributed to the land humus ssscoisted with the detrital
sodioont brought iun to tho ostuary by rivers. DBut how
mucu of thwe orgauio matter is roadily utilizable by

those mieroorganisms ies not known.
Repths

The depth of the arec under investigetion varies
from 1.5 t0 8 m and the dopths at tho differeont etations
are show: in Table 1, Etation 1 is the deopost aud the
steiions 14 and 1% are the shallowcet. bpth is influ-
onged by tider and floods aud tho differeuces due to
these factors vary frox 1 to 2 m. [Suy paramoters like
hydrographic prosecure, light penetration, temporsture,
pH, oxygen evnteout etc. arc related to depth. TNowever
theso parameters offect only in deeper arces. lLeodlich
and Tsppen (1953) have shown thut depth is of somo
importance in tho dtctributidn of foramiuifora 4in the
degper arcos of the eea. TFunnoll (1967) has pointed
sut that in shallow waters, depth is prodbably not e
lim:. ting fagtor f£or the dist:idutiou of foraminifera.
Agcording to 'urrasy (1973) individual species of
foraminifera does not appeur to be ocontrolled dircetly



by depth slone. In the study ares wherc the depth
variations are %00 limitod, tho distribution of
foraminiferal population, station-wiece doos not show

any relationehip with depth.

®alton (1964) introdueced the method of species
dominonce of foraainifors which he defined as the
percontage egourrenge of the st eomaon spocies in a
foraminiforal population. Aecoxrding to hiwm highly
variablo oaviroume.ts are dominated by few specios
whereas stable onvironments are charsctorisod by meny
spooles. Tho marinc end of the Vembanad estuary is
charactoriged by the pres.nce of many speocies whorees
the fresh wotor gonc 4is inhabited Ly only a few species
which oeour in large numbers. Specics dominance is
always oontrolled by the number of species in an
aasembloge, tho wmore species present, the lower is the

percontoge oocurrence 5f esch spocies.

The distridutional pattern of forominifera in the
Vembunad estuary shows that the greutest absolute

sbundance of eertain spocies is found in some areas
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while the greuatost rolative adundangce of eertain

other specios (as pergentage of total populasion)

is fouud in other arcas. This latitudinsl segregation
of speclios seoms to de based on their tolorance
capacity. Proz tho barmouth towerds the interior
there is doorcuse of the culecarecus specics and towards
the frosh water ond there is increas¢ of the ehitinous

end silicoous species.

The relati e abundunee of various spocies in
the arec during tno two yoars shows seasonal variations.
The high abeolute abtundange during tho pre-monsoon
period affects the oorresponding relative abtundonse of
speaie=. Tho relative abundunce in tho mousoon months
is less while the other two seoassous show higher
forcminiforal econcentration and larger number of specice,
The distridution patiern reveals a steady inerease in
tho number of apecios in the marine end from 'tho poste

monsoon months to the mousoon mouths,

Since all the speocies are not equally distributed
taroughout tho ostuary the foruminiferal asscmblage
asn be difforentiated into four groups, dbased on the
relative adbundunce of epeciee in the locelity. Group 1
ingludes species thot are soundant, forming more then
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604 of the toial individuale, at least during any
month in an yoar. This group comprises groater part
of tho total foraminiferel population in the ares,
espocially during the ;re-monsoon period. Ammonie
becoarii, Ireoheseins infleys, Miliomming fuss end
Segoamming sphegrigyg are the most abuudaut species.

Group 2 oousiste of species that are of common securronce

and each oonstitu{i 20=60% of the total pupulatiou.

The common species ore Zroghassipo nitida, Quinqueloculina
seminulun, Q. bigornis, Xlphidius crispum end E. advemmu.
Pre juent spocios thot are scatterod throughout the arca
ere Amgobeculites $aylerensis, A. f2liugeous, Juingueloocul
sgglutinens, ilphidium gratioulatum, Honin bouocoxum,

H. sleuni, Iolivine strjetule, Botclia galoer, Discorbie
rpsagoa and Cibigides Jobvatulus, Those epecies are
esatogorised into the 3rd grou; which eonstitutes 5-20%

of the total populotion. Tho spocios inocluded in this
group have a rather haphazerd occurrence in thet area,

The romeining 13 speocies that are found rarely and whose
congontrations areo los: than 5% of the total populetion
ere included in tho 4th group. Oortain caleareous specioce
of this group are oonfined to the marinc sonc and

eortain chitinous spcoies arc confined t2 the fresh water

sone of tho estuary.
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Feunistiq diviaionss

A eonvenient busis of clascifieation of aniuals
living in an environmeut of variable features like
the brackish water is neg¢ossary to estiuate the
saologioal diviecione of the area., Many authors have
elassified euryhaline anissls ints differeant groups,
based on sho lowcst sulinitos $0 which the marine aunimals
ponotrote and survive. Rodeke, (1922, 1933) suggested
s slassification of the breckish water auimals into
aligohaline, mos haline and polyheline groups: the
firss, oligohaline roprescnting the locast saline
rogion adjoining the fresh wuter, tue second, mesohsline
region foraing the middle zono of tuho estusry aud the
last polyhaline rogion eonnceting the estuary ints tho
soa. lle poinuted out that thesc difforonees in the
salinity are reflected in the composition of tue fuauna,

fased on the various biotopesr shown above the
Veabanad estuary can be divided iat0 3 differont sones -
the lowest part eonnected with sea, au upjer part
subjected to the gestest freebh wutor influenco and the
middle part in betweon the two. In the lower part the
most dominsnt spooies is Ammonia begoarii. Various
speecics belonging to thce family Rotaliidse, Nonionidoe
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and Miliolidue are the othcr common forms in tho
ares. The lower reachos of the ecstuary ean be

eonsidercd as the poslyhalino rogion. ‘he upper

pars of the estuary where ¥iliommine fusce and

Saccammins sphuorige inhabdit in abundeat numdbers
ean be considered as the oligoheline region of the

estusry. The mesohsline region or the middle part
of ‘he estuary is domiuated dy Iroghomaina jnflata.
This is the sonc where the frosh water forms of the
upper reaches and the marine forme of the lower
reaches mect. In the present investigation orea the
division of the three regions, ascording to Radeke's
metuod cannot be strictly followed, einco the sudden
ousbreck of the monscon f£lood would result in gquiek
changes from the polyhaline $9 oligobaline eonditious,
o demnroations of the ani:al community exclusively
on sulinity vasis is not strietly applicable tu the

area during the monsoon sessou.

In the presont study the details of the
numerieal density of foraminifera at different
stations show that some seloctod spociocs aro dominaent

within the oommunity. Tho 4 dominant specios, eash
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constituting 20-%50 per eent of tho total fuuna

at different stetions are Amconis begesrii, Miliammins
fusca, Sagoemmipa sphaerics and Iroohomeing infleta.
As rogards 3. inflete its mexismum oeourrence is found
to be 60 and 55 por eent of tho total community at
stations 10 and 11 respectively. At stations 1:, 13
and 14, 50-60 per cont of tho total fauns are ccnsti-
tuted by M. fusgs and st stations 13 to 15, 20 to 25
per sont of the feuna is formed by £. sphaeriga.

A. beecarii, the most dominant spocios in the lower
resches of the estuary show: the highest numerieal
density eonstituting 50 to 60 per eent of the total

fauua,.

Seasonal fluoctuations in thé donsity of fauna
sre ouserved at all sho stations. The fauna shows thae
sinimus donsity during Juns-July. PFroa October onwards
the fauunal density graduaclly increases and rosohes
the poak during April-May. fuecb short tora seasuvnal
fluotuations sre¢ noted at all the stations. Valuee of
the monsoon poriocd are not comparable with those 2f the
other two seasons because of the eomplete abscnce of
oalearcous foruninifere throughout the area. The
siliceous and chitinous fauna aleo show: fluetuations

in the fresh water sone during this period. The
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intercosting feature observed is the abnormsl

pecurrence of tho adbuve montioned 4 spoocios in

certain rostricted aroas whioh moy be eorrelated to

the varying onviroumeutal oonditions. The distribuiion
of theee foruminifers with correeponding salinity in
different monthe ie shown in Pig. 9.

In order to define arecos of varying onvironuental
eonditions bLased on the peroceutage of oceurrence of
dominant species, the mothod adopted by Jounson and
Alveni (1973) and Albani and Johnson (1976) is followed
bere. 3ased on tho percontage ogourrence of abundant
specics tho investigatiosn area cen be divided into
tureo different biotopes. The biotopes arc sainly
controllod by the influence of frosh water from the
rivers and thoir trivutaries aud tuo sca water by the
influence of tidal ocurrents. The distance from the
bermoutu is another controlling factor., In the upper
part of the cstuary, the eonditions appcar to bo more
variable with freshwater scouring, espocially during
the mousoon f£1lood. The bdboundaries bvetweon diiforent
biotopes are nst distinet decauso of tho proferential
pattoru of tidol flow towards both tho diroctions in
the ecetuary.



92

Biotope 1. (Ammonie bogcarii biofeaeics): The marine
sone is charactorised by tho prescnce of Ammonio

boggarii end the areca of this epociecs extends from
cetation 1 ¢o 11 corresponding to & distance of 35 km
from the barmouth. This biotope consists of A. begearii
as the most predoaminent spceios amounting to more than
$0 per eont of the total population. A beggarii biotope
can be divided into threc sub-sones bosed on the other
accaessory spccice that have high fre uecucy in the area.
The first eub-facics 1o tho area noar o the barmouth,
from stations 1 %0 4. All the 21 gulearecus spocios
rooorded from this arca are found to tsolerste varying
sulinities of 28 to 33.5%.. This suv-gone oxtonds

frox the cearmoutt: to @ distance of 9 k.. interior.

Boeidos A. hogeerii the following spcciecs have high

frequenoiee in the ares - ujuquoloculine geminulum,
Elphidium gorjepus, I. megellua, E. gratigulstum,
L. Sdvepum, Nonjon boueanum, Honioy slgaui, Rotulis
sajoer, Oibigides Jobatulus and Discorbis rosages.

In tho socond s..o=fucles the calcareocus spociecs

are found to occur further inwarde upto a distance of

28 km from thoe barmouth. The spocies that are found
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in this sone ean withstand salinity os low as 24%-..
In aduition to A. beggcarii the following spocies
have high frejuenoios in thuis area - Quiuqueloculins
seminujum, ionjou s}oani, Iiphidium gratioulutum,
L. eriepus, Rotolic goloer, Discorvis rpesgea sad
zibigides lJobatulus.

In the third sub-faoics, A. beoggariji is tho
0:.1y calcarcous spccios prosont during the proe-monsoosn
period. Tho siliceous specice Troghemmina inflate
is domino.t than L. bogoarii at stations 10 and 11,
but anong the 21 galoarcous species reoorded in the
estuary only A. deégcariji ie secn $5 ponetrate and
persist upto a distance of 35 km from thoe barmouth.
A muxicum oecurrcuge of 12 per eount of tuc totel
population of this s ecios is seon &t statiou 11 during
April-lMay montha. The lowoet licit of salinity
tolorance of A. DBegeerii in the area is found t35 bdo
19.5%<,
Biotopo 2. (Irgehomming infleta biofacies): This fLorms

the Liofaocies of Troghammine inflota. This single
epecios ig the dominant fors 4ia the middle section

2f the ostunry and it accounte for 25 to 60 per gent
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of tho total feuna from stations 8 to 11. Though

T. inflatu is widespread throughout the cstuary,

thoir poreentage of ogcurrenge is lesrs than 15 of the
total feuun in the other stations. In the barmouth

and in the uppermost two stations thoy are found very
rarely. This spocice ocours throughout the yoar but is
more abuundant in the pre-monsson season, It is significant
to note that the T. fuflatae biotope is in tue middle regiou
of tho estuary whore tho salinity renges from 13 to 25%-,

Other siliceous forms - Ammoboculites dilatotus, ..
Jeyiorensis, A. follegeous, Iroehammina nitids are the

ogcesuory forus that occur in low frequencios in the
rogion. The caloarcous spociee Amuouia boocarii is
cnother ascessory form of shc §. Juflatas biofueies

during the pre-monsoon scason,

‘dotope 3. (Miliesmius fusgas v Sagcemmina sphaerige
biofaeies)s In the upper sone of the estuary (Utations

12 to 15) only ehitinous and siliceoous form: oeour.
Milicamine fusge constituto 50 to 65 por eent and

Laggemmina sphasrige 15 %o 25 per oent of the total
populstion at statisne 12 €0 15, Of thoso two

charactoristiec spe:ies of the fresh water sone X. fusca
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is more abundant thau $. spheerige. Thie species is
found docx-;uxug in nusber from the upstrean ond
downwards and are found rerely in the lower pars.

£. gphaeriea hes ite maximum numbor (23) at station

15 and it decreases in number towards the middle

region. It is eompletoly abvsont in the lower part of
the estuary. The specioes thut arc fou:d as agcescory
forus 4n this sonc¢ arc Hegphax 8¢o$$ii sud R. gagtalla.
Tho epecies that oceocur i: this biotope are charastcristie

of low saline water or fresh wuater gonditiome.

The compositiosn of foraminifere in each biotope
end their eharscotoristies i: torms of environmental

parameters are shown in Teble 7.
o-Dea

Pige. T showe that theore is a genoral di:eect
correlation Lotwcen the standing erops of foraminifera
und tho dead shells. As is cxpocted iu a region like
the Vesmbanad estuary, wihich is subjected to high
scasonal variations in the eeolegical oonditions there
are wido fluotuations in the living and the dead
aszomblages of foramiuifera. During the pre-monsson
mo:ths the live specissns heve Sheir poak coneentration

ia 8ll the stations. The live spocimeus decrease in
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Table 7 Composition of foruminiforasl biotopes and
their characteristics in teras of hydrological
and goographicol perameters iu the Venbvanad
estuary

' Motope cherncteristics Biotope composition

Distance
ftat- ' from Rangos
10nS  barmouth in
km salinity

Subfacics 1 1«4 9 28 - 33,5 Amnonia beccarii with
all other caloreous
specios

ESubfacios 1

Subfacios 2 5 -9 26 24 - 33.5 Amuwonia begcarii

Quingueloculina
scoinulum

tlphidium erispum
E. graticulastum
Cibicides lobgtulus
Rotualia calcar
Discorvis rosgaceoa
------ Nonion eloani

¥arine sono
(
Subfacics 3 |Subtac1o- 2

§ Subfacics 3 10 - 11 35 19.5 - 33.5 Amamonia bocearii

8 - 11 24=35 15.0 = 25.0 Trochammina inflats
Amwonia beceorii
Trochomming nitida

Ammobaculitos
taylorensis
A. didatatus

[
'
!
'
'
'
'
‘
'
'
N P A. foliacoous
'
'
'
'
'
'
'
'
!

Diotope 2
biofaecios

(Saecammina sphacr-

ica Miliouanina
usca biofaciocs)

Toxtularia agglutinan
Textularia coniga

T T T T T T T T42°- 1% 36-60  00.5 - 18.0 ¥iliemmina fusea
tacesmmina sphaerioa

Reophax cattella
R. sgottii

Prosh water gzone
Biotope 3
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numbor in the post-monsoon period and thoey show the
loast valuo in the msnsoon poeriod. During the monsosn
months the living specimsens are rcetricted to the
upper part of tuec estuary. These secasonal fluetuations
noticed in the number of living spocimens are not so
prominont in the euso of dead sholls. The water
current mey carry empty teste of foraminifera from the
ba: south area towards tho ianterior. Yuoen compered %5
tue otuer scasons the agtion of tho tidal sur:eat is
more in tho pro-momsoon season. The proscnce of empty
tosts of calcarecus spocice at stationsit, 12 eand 13
during tuo pre-scasoon poriod say be attributed to the
tidsl current which carry the sheolls from tho lower
part of the estuary to thie rogion. Only at stotion 1
the oocourronce of living and ompty speocimons chows on
irrogular patster. in tuoir numbers. The relatively
high value of dead shells at tuis stea.ion chows that
in the meeting ploace .f the estuary and the sea, most
of the marine forme die through ropid chonges in the
cunvironsental euonditions whioh are beyond the limit of
toleranco. The death of marine forus csusos tho high
rute 0f sedimontation of capty teste at station 1. The
doad sproimous i: the bdarszouth arce ineludes shells of
othor marine forus also in addition to the estuarine

specios,
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For assessing the rate of scdimentation,
%alton (1955) has introduced & formuls vig,
L ., nuabor of living specimens _ ,q,
D number of deud spocimons

Boltovoskoy ond lena (1969) and Murray (1967) have

followed this nethod. In the presont study high rate
of scdiscuiation hes boon observed in the lower part
of the estuary thon in the upper pert, Ctations 15,
11, 12 osud 14 sre with high rato of sedimenta:io: of
shells with values 30.5, %0.2, 26.6 and 22.0
rospectively. The middle region (stations 7 to 10)
also hax a relatively high rate of sedimcntation with
the vuslucs ronging from 22 ¢o 26. In the lower part
of the ostuary {(oxeept et staiion 1) at steations 2

to 6 sedimentation rate ranges from 15 to 19,

secording to Yurray (1967) the method of
acsoesing tho rate of sedimentation holps $o0 compare
the a.nual production with the number of deud iudividuals.
Iu the sec the calcareous sholls depocited by the marine
forme remein there for long time without any dissolution
or de:truction. 3But diesolution of calcareocue shells
takes place in the estuary and many shells (inecluding

those of living calcareous spocimous) arc otehed.
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Murray (1973) has pointod out that the di}iﬁgtm-%“
of calearcoous tests is common in the ostuary. This 1»
duo to the acid action of wator and it{ can be related

to the lower proportion of the doad tshelle in the area.
Thu: it secms that tho ohanging catuarine onvirousment

hes ites serisus effecte not ouly on the living specimens
but also ou tue doad shells. However, in spite of tho
varyiug physico-chomicul oouditions and limit of
toleranee of differont spoeies in the estuary, there

exists o gonerel corrolation between the living and

dead population.

Investigations on the vertieal distridutiou of
foraminifer: have beon carricd out by some workers.
¥yors (1943) has reportcd that foraminifera oun survive
buried in tho suvstrotum equal t0 5 to 7 tiwes the
diomoter of the test. Iiie studies on E}phidium eriepum
ehowed that thic spocier bury to & depth of 1=-3 cm
uchanen and Hedley (1960) suggested that foruminifera
penctrato to tuc substratum to a d.pth of -2 ou,
Roltovek.y (1966) found foruminifere at & depth of 6 om
and acocording to him sandy socdiacnts are ponetratcd by

those miero-organisst adre do.ply thean suddy ones, Thie
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may bo attributed to the boticr aorocotion of tho

former substrete then the latter. Pronkel (1972)
cuggostod that forumiuifors usually osccur at the

surface of thc substratum out sowe epocios can ponetrote and
survive in dopius botwcen 1 aud &6 em. Dogeuse of this

be cousideored the spocios like -mmonig becgcaril as infaunal.,
Tho depth distribution of foraminifera iz the substrate

is relatod to the typoe of toc sedimont (Silter, 1965).

The proscut sbeervations on the vortioal distribution of
forauinifore and sediment typcs reveel thot in gonersl
foraminifera do not prefer a dopth greatoer tuan 1 om.

The movement of specics like A. bogoarii in deocpor

luyere shows a flexibility in its adaptations to cop with
the chonging onvironucental conditious in the are:.

Oy wmoving into tue decper layors of tuo substrate, theo
organisoe muy Lo getting proteetion or shelter from slight
variations in the ouviroamental conditions. Ome factor
that eoutrols the depth st whieh foraminifera 6si survive
in the vubetrate is the shickness of the oxygeneted
gurfaco iovyer. This oxygeunsted surface layer is thinner
in the muddy bottom than in the ssndy sedisont. As
foraminifera arc epigraphioc toi&em they always profor

tbe surface of tuc vottom and 9 vast zajority of the

population occupies the upper 1 om. Only & negligible
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proportion of the totul faune has the infuunal
habitat and this ponetration is only for short periods.

In genorel, foraminifora can bo eonsidcred as epitonthio.

Food aud f.o!&g‘

Tho aspoct 5f the food roquirocwmente of foremiuiferas
hos becn explored by severzl authors. (Hofker, 1930, 19314
Sandon, 19323 Cusumon,1948; liedley, 1958, 1364; Be, 1959,
1960; Nyholm, 1961; Dradshaw, 1361; Iec et &l 1961, 1966;
¥urray, 1963, 1973; Ramanathon, 1970). Moct of the
informetion on thofsod of those mieroorganicus comes from
the laboratory exporimonts. Only fow authors have
attompted the study on this espeot from ficld oLservutions.

oo et &1 (1961) have tricd to ostablieh tho

nutritional requiroments of Troghosmina infleta, ‘ilisomina

fusca, “lohidium spp. Juingueloe lins spn. and 2xlivina spp.
by oculturing them in the latoratory. He found thot the

importent itomes of f£o0d of these forsminifera are diatoms.
ut accordicg to him it ie difficult to interpret tae

r peclos proferonce in the forcminiferal nutrition. Te (1959)
from his studios ou tho fecding halits of soramli:.fera
ostnblished ihat thoy feed ou phytoplankton. According to
sradenaw (195>, 1957, 1901) end Yurray (1963) algae and

distome seom to bo tue most important £ood of foraminifera.
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Planktoniec forsminifera have decn found to feod On
slgae, but at dopths the benthic forms aust fecd by
predation, by scavenging on bactoria (Murray, 1973).
Acoording to Hodley (195.) somo bonthic foraminifers
secem t0 bo scavengers. Perforated forme such as
Elphidiuu feed on algoe ano they normally gether it

witii their pesoudopodia and ;aes it tqwards the

sperture. Thoy fora distinet feecding cysts around
tuomsolves (urray, 1963). The typo of £00d organisms

of Aamonia begcarii, the most extentivoly studied
spocios, has beou iuvestig:ated by Bradshaw (1961) snd he
fouud slgac as the zost important item of food for

this spocies. According to him this spocecies aled fecde by
predotion and by scavenging. A. begeoarii often gother
bulle of food which sro digostcd later (lee et al, 1966).
Imperforate forme like juinguelogulina :ather tho foad
in mass noar the apersure. The importance of bucteria
as a £ood item wos domonestrated by oxperimonts on
Juingueloculine sp. by lec and ¥uller (1967). It is
belicved that bacteria provide some nutritisnol need which
algee alono cannot fulfil., Hofker (1931) reeorded
foramiuifera feediig o detritus. Christiansen .1964)



103

has observed oernivorous fecding by Nonigu sp.
Buchanen and fedloy (1960 suggoested that foraminifere
ure non-sclective fecders which ocet any of the
miexroorganisas thoey oan eatbh. However, thoy believe
that diatoms and othor algae pa:-ticularly chloropuyeoans
furnieh the greater part of tihe diect of foruminifera.
Cus.ma.. (1948) sug osted that tho normal food of
foraminifera consists of vegotable matier, diatoms and
various othor algeo. PFrom the interpretutions of t.o
different authors mentioned sbove it can be ooncluded
that tue foruain:fere reyuire e mixoed diet of detritus,
bagteria, diatoms ond other algae, the most importsant
being the phytoplankton population,

Phytoplankton, being thc moin source of food of
foraminifora ocountrsle the deusity of foraminifersl
populutione. The obeorvaiions by leec ot al (1961),
Dusas ( 969), Yurray (1970) and Remannthan (1970) show
tuat tuoro is correlation botwoen foraminiferal stending
orop and phytoplonkton food supply. Such relation
botween phytoplacxton and foraminifora is evidend in the
present study also. In tho presont study aroca the
hi_ host :hytoplenkton eonsentration ie scon in the

pre-monsoon period. Foraminiforal population density
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also reoachoe ite poak during this period throughout

tho erec. During tho monsoon scason, chlorophyll vealues
arc low in the ostuery. 4 sudden decrecase in thuo
foraminiferal populction hes been observed in the area
during this poriod. A eecondary peak of foraminiferal
populution is eoon during the poet-monsoon period, when
tue phytoplunkton ie¢ of medium magnitude. Iu goneral,
the phytoplanxton populction in the ares shows en
increase with iucreasing salinity conditione whieh
coincides with the iucrease in the foraminiferal

population,

Aceording to Ramenathan (1570) and Arnold (1974:

the speciec of tho gonera Hitgsghia, Synoghogoogus,
Cosoinodisgus, Ckeletonemsa, Bagilleriae, FProgilaria ete.

are good food orgenisms for foreminifora. Arnold notiged
that foreminifera foed actively during the decoleifying
period i: the mcid modium. It bhas boon sbeerved that
Sitgouia, Coratuuline, Gyrosigma, fyneghgogous and Volvox
aro common iin the fresh wator sone, Chuetocoros, Sacilleria
Pledorins and Pedisstrum in tone middle region, and
Frogileria, _koletoneaa and Cosoinodisous in tho high
saline region and these form the fo0d 2f the foraminifera

in various regions in the ecotuary.
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r{one t9 estuarine io

All the spocier of foraminifore oxcept u fow of
the simplcost forms soor:-te tho tests, the development of
which has @ definite soquonce. The foramiuiferu are
almost ontireoly murine animals occurring in watore
of noramal salinity. But some chitinous species which
a0 bolieved t0 bo the aout primitive type and sowe
goueora which have au outer wall of arenuccous layer
live in the Lrackish wator having @ low salinity than
tuat of normml sca water. Silicoous testes &:e also
roportcd from the ostuarine systom and thoy are
socondary in origiau. The vast majority erce oalearcous

spoocies which have tne teet wall of calocorcous moterisl.

Several genora of tho norcal merine calcareous
foremin:foro, such as Nouio:n, Flphidium, .iscor.is,
Dolivina, Fotalia and Cibicides occur in the brackish
medius showing theoir wido range of toleraue to varying
ocological conditvioue. Tt has teou found thut tnesc
calcarcous spocios oxulbit eertain range of adapte ility

agoiust adverse covlogicul conditions in tho estuary.
in monts
The uverage caleiud cerbonate content of aulcareocus

specieos of foraminifera ie cutimetod as 96.2 por cent

(urray, 1973). The inorgenic matcrials in tuo soa are
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not much variable and eonsequo:tly do not limit tho
ogcurronce of foraminiferal speciee in the sea. But

1. the ostuary the inorgaunic materials arc washed down into
tue soa by the f:esh water run 0ff. Calcium is probably

the most important ion thut eoutrols the oceurrence

ol caloareous foraminifera iu the oetuary. According to
Frebs (1978) soft wotor may contain los: then Y mz/1 of
caloium while sca woter may contain upto 100 mg/l.

iocording to him most of the briuckieh wuter aniuale have
well devoloped external seorcting doviecs which effeoetively
guard ageinst the sudden chungee in tho eecological conditions,
b. proventing the passage of wator in or out for a cortain
period. The oeeurrocnee of such extornal covering in brackish

wator organiesue helpe the animal to witiustand sudden changos

from tno sea wuater oY freeh wator.

“uny worskers huve shown that uw.der adverse couditions
pome proteciive cover say be forwmed in certais spocies of
forominifera ond the individual be practically dormant
for a considerable poriod. In tho preseut sbservation
the formation of tho outer protective covering or
sucystuont bas been noted in the test of Ammonia beggoerii.
fpeecimens of . bogecarii dovelop an agglutinated
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covering mndo up of sand grains and other foreign
meterials aud form @ rather firw eyst. lJay-June

period ie oharactcrized by tho prescnce of A. beegarii
with oyste in tho lower part of the cstuary. . uring

the post-monsoon se.sou tho cncysted A. begecarii are
found in the middle part of the estuary and a nexiaum
mumber of <4 spooimons in a;glutinoted covering have

been rocorded at station 11 during this pericd. 7ZThis
integumont adaptation of foraminifera has .een curreluted
with vurious ecuviron.ental changes. In brackish water
tho phyeiocal and chemical charccters of tic calcarcoue
tosts chango considersvly. The most serioue diugnostie
chongo of calocarcous foras is the diseolution of
calcareous matter b, the a:idity of witer. ITn calecareous
spocies calcium is cxchangcd with eavironue: .tal modium
whonu acidie oondition provails (‘e Encry and lee, 1970).
Decaloificoation tukes plaeee in the bruckish water or freeh
water (urray 1967). Xurray and "right (197°) reported
that the agglutineted tests can elso be dostroyed by the
dissolution of calecareous oomcut in tiuc cstuarine
enviroument. In frosu water conditions theo tosts of all
calcarcous foras ere disicto rated completoly. In the
sci wuter partial dis:olution of chells oocoure during

low pli and this is indiestsed by white, opuque, hysline

tcets. This docalcificaiion doos not herm the spocicous
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bocause they are avle to recaleify the test whon

the pH increesecs.

According to Hedgpeth (1.:7) eemented particlos
with ohiﬁéou- walls of tue agglutinated tosts offer mmch
eco;:¢ for saleareous foramiuifera in tho ortuarine
medium. Boltovekoy (1964) ooserved that the developmont
of ehitinous, agglutinatod integument i:.. their normal
toste of foruminifera reculte greater adaptability in
tho changing ccological oonditions. In braskish water
arcas where the proportion of mineral coustituents is
relaotively suall, the msarine ocanlearoous specice form
chitinous agglutinatod covering and percists iusido.
The protegtive covering holps the organisa to withstand
the acid action of thc ostuarine environment. 7Rrady (1884)
bas stated thot in brackish wator the supply of earthy
salts in «o0lutio.: is smaller than in the open sea and the
cuomical and puysical charccters of the sieclle of suech
species which survive in the ch.onged conditions are
gousideravly moaified. They vecoxc loss calcureous as theo
wuter grows lces saline, until eventuelly a point is reached
at which tho investhont ie little more thau i chitinous or
norny amecambrane streagticuned by the ineorporation of minute,

siliceous grains. Cusuman (1948) has roported that in
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brackish wator it has becn found that the abscnce

or scarcity of culcareous material reosulte in the
development of purecly chitinous tests by some spocios
which otherwise might have & eertain amouunt of

caloareous material in thoif normal tosts.

Foraaminifera collected fron the Vembanad estuary
show such integumental adaptaetions and tho external
protective covering of the estuarine species is sizilar
to that roported by carlier workere. Another adaptation
that has becn peported by Iutze (1965) is that eertain
forms such as Rotalia and Elphidium could outlast
unfavourable period: in the cstuary by oontracting the
prutoplasu inw: rds from the outer chembers of the tost,
This phenomcnon is observed in the present study also in

forne l1like Rotulia, Elphidium andfiecorbis.

Eize ond thicknes: of tho test:
Regarding the size of tho teet it is intereosting

to note that the specimene collected from the cstuary are
comparatively smaller in size tuan those collected from
the sea. Tho averago sise of spooimeons of Ammonia boiirii
collected from the continental shelf of Kerala is 1.0 %o
1.2 s in diometre, Tho umbilical areu of the tost of

theee specimens in the soa is filled with caloareous
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mate: iel. In t.o specimens of Elphidium collectod

from the sos, tho woll of thue chambor ie extendcd

across tho preceding surface to fora sutural procescos,
and the umbilicul area is filled with cslcareous

motorial $0 foru the unbilical plug. Those purts of
carbonate of lime oouteut in Elphidium are absent

in tho ostuarine specinmous. Cslcareous toste in theo
frosh wator sgone of the estuary are comperatively

lesser iu sigo tha. that of the murine sono of the lower
port. ldkowise scusdunl siseo differonces are also notieed.
The specimens oollocted during tho pre-monsoonm poriod are
comperatively larger in eiszo thoun those collected guring
the post-monsosn mounthe. The lorgeet specimens of

A. begcerii ooliectcd from tho mid.lo region of the
estuary (station 11) e:0 about 0.5 ws in diametre and thoso
collected frow thc marine ond (station 1) arc adbout 1 mm
in aicmetre in the pro-monsoon scascuj tho largest
spooimcus collocted during tho posi-monsoon period &t
station 1 are about 0.5 mx in diomoter and those collected
from siution 11 are ouly 0.6 mm in diamoter, The same
patteru of eize differcuce for other speciocs also is

observed scassnally and regionally.
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Many workers hove rocorded the sise difforonce
0f foruominifera in differout environzeatel econditions.
ledley (1964) recorded the siro of Elphidium living 4in
the marinc area as 60 per cent larger thau that of
epocimons found in the estuariuve system. Schniker (1967)
establis:ied in Triloculina ep. that the morine forsme are
larger aud thicker thae:. the spceimens collected from
ostuary. Niochois end Ellison (1967) have etated that th:
siso of estuarino foreainifera varice sscordiug to
onvironmontal oconditions rolated to diffo:cat ercas in
the ostuary. levy (1971) has also ostablisboed thut the
sige of tno foraminiferal shells is rolated to onvironmental
factors whilc reporting the size differences of A. beecarii

from the different ouvironmental conditions.

In brackish wuter euvirouuwent the ealcarecus material
ie relatively loss. 8o tho diffcronces in tue si:e aund
thiokness of the toets can ve oxpleined by the fact that
the tost becomes lorger and much thicker in the amerine
onvaironueut by the deposition of caleareous substance
from tne richor sulty water of thoe merine sone. Tho
toete bocomo smualler in size and less caloureous es

it _oes towards tho low saline rogion of the ostuary



112

where the supply of ecarthy sultes iz solution is

lo-ser'tnan in sea woter.

As rogarde tho onitinous species HMiliamuins

fusca and Segosmmina gphaerjica charactoristio of the
ujper region. of the cstuary, the speciaens are Shicker
than those eo9llected from the uigh saline rezion of the
lower purt of tuc estuary. Iu genoral chuitinous speciocs
are comparativoly_leooor in size in the marine end than
in tho upper fresh wator eud. This indicates that she
chitinous spocics dovelop tuicker walls for withstanding
the acid actiou of tho fresh wuter sone of the estuary.

C ricon w t coinife £ othoy areas

L

I% would be interosting to eomparc the forcminiferel
fauna of she morginal meriioc onvironment of the south
wost coaet of Tndia witi that of the cetuaries in India
end other parte of the world. Iuwever such inforsations
from the eouth woet coast of Iudis arc scarce. A recent
work on the foram.uifera of the continontal shelf of
Yerala Coast ie that of Antony (1968). A oomparison of
the foraminiferal fuo.ana of sho Vembansed estuary with thot
of theo uujoining sea roveals thet the fauna in the

barmoutii arca is eimilar to that deseribed from tho



113

shellow waters in tho sea. While studying theo
bethymotrical distribution of foraminifera from the
coutincntal shelf orea Antony hos obsorved that cortain
zpecics ehow preforonce %5 certsin dcpths. Tho large
eigod forms of the faallies Roteliidso, Tamerinidse,
Zonionidue, Miliolidue and Toxtularidae ore charcgteristic
of waters with a depthu of les: thac 25 futhomes. Thie
kind of bathymetricel distribution is particulsrly
noticeable iu the cese of Asmconiabogoarii whiech is
abuudant in the continontal sholf. The emaller
foraminiferal specice of tho best reprosonted fumilies
Tagonidoe, ™uliai idac and Cascidulinddac ocour in
sumples from dopths above 25 fuothoms. It is interesting
to note thut ihesc szall eised spocics are not found 1in
cstuarine complex in living osnditiou. The large sized
spoccies that penotrate aud persist in the cstuarine
cuvironwent are charascteristic of shallow wuters of tho

800,

The typical calcaroous spocies. A. begoarii,
Juingqueloculing seminujua, . bi i, Zlphidium crispum,
I, advemum, I. greiiculotus, Cioicides levatulue, Noaisn
slocni and _olivina siriatulae found in thoe ostuary are
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common or froquent forms in the continental

sholf aroca.

Murray (1973) has reportcd tho following calearcous
spccioe as widely knowu estuarine forms - Anphistegine

lossonii d'Orbigny, Coneris surigulus (Pientecl and ¥oll),
Elphidiuw $rancliugens Natlend, 2lanorbulineg mediterrancnsis

d'Oroigny, gig;;;;gg vivipara Ehrenberg and juingueloculina
gblonyza d'Orbigny. Though theee specios are found to bde

widely distiri.uted in tuc sarginal merine environmeats
of Kerazls, thoy are not found living in the ostuarine
conditions. Regardiig tne euitinous and eiliceous forms
tho ohoracterietic brackish water species Troouamwina
iuflata, facgamuine spheoriga and Miliemmina fusca
have not becn recorded from the sea. Tho othor chitinous
and silicoous species aro found rerely in the marine
uabitet.

As rogaords tho cstuarine foruminifera of the
ostuer arous fntony (1975b) hos given a preliminary account
of the forcminifers in the Kaysskulam loke, “outi West
Coast of India. Hero aleso the founa is & mixed type
coneieting of calcareous une silliceous spocies. 4ll the

curtinous aud silicoous specios iound in the Vembonaed
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estuary hove been rocorded from the Kayamikulam

luko oxoopt Toxtularis goniea d'Orbigny. Amoug the
calcaroous formes 6 spocios vig. Quingueloculine bigornis,
Triloculins oblongae, Elphidium mogollum, Operculins

gronulose, _. gdmplansata and O;erculinclle cumingii
are not fouud in tho Feyasikulam lake. ¥hon compered

with the Kayumkulam loke Vombancd estuary appears to

be richer in the foraminiferal population except in the
burmouth station. In the Keyamkulam leko cnd the Vembanad
ostuary the soxisum nusver of specimens found in she
barmouth area arc 8% and 65 reespeetivoly. Theo gencral
patteru of distribution of tho calcarcous foraminifera
in the Xayamiulam lake sud the Vombanad ostuary is

the scmo. In voth the lakes chitinous and siliceous
spocice are charaecteristic of the upper regiou.

‘nother siuilarity noticed i: the distrituticuasl ‘pottern
of the two erecs ic the prosence of two poaks of
rbundonce in the population, one 1. tho middle regiosn
aud the other in the upper e:d, Tuno muxlimum nusber

of enitinsus specinens oolleos:d from the Fayomkulam
loso is 64 and tha: froa the Vembanad estuary is To.
Among tho specics collectéd from tho twy lakes Ammonia
vogearii i8 the msajor inhasvitaunt in the lower reaches
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and it is seon to penetrate inwards and persist

upto a distance of 22 km in the Keyaakulau loke and
35 kn in the Vembenad l:ike. The mssximum numbers

of A. begcarii inm (10 em)2 sample in the Xayamkulas
leko and Vombanod estuary are 31 and 27 respectively.
In the Kayamkulem lake this specios is found to
survive & lower sulinity of 20.8% whereas in the

Vombanad ostuary it is 19.5%. 8. Zroctammine inflata
ie tho charagtoristic spocios of the middle rogion

of both tho lakes and llieuwmina fusg¢a and Segoccamine
.ggaeriga(aro tho major inhabitants of the uppor

part. Tho saximum numbers of X. fusga in the

Kayamioulem and Vombanad lakes are 24 and 42 respectivoly
a.d that of £. sphaerics are 22 and 23 rospedtively.

As found in the Vembanad estuary the other chitinous

and siliceous species oeccur rarely in the morine end of

the Kayamkulem lake.

The offeots of tho hydrogruphicel peromoters
that influenco the distribution of foruminifersl fauna
in both the lakes are more or lose similar, In the
Koyamkulam lake the bar is elosed during the pro-monsoon

period and thereby tuo reoruitmont of tueo foraminifera
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from the sea into the lake by tidal current is

prevented. In the Vombanud estuary therc is no such
barriers to provont tue ponotration of the foraminifere
into thc estuary. 3But in spite of tho more stable
ccosystem, with lossor degree of fluctuations in the
euvironzental parameters os;ccially duriug the pro=-
mousson sceson the Kayamkuluom lake supports & comparatively
sacller standing orop. Tho richness of the fauna in

thc Vombanad ostuary may bo due to the strong tidol
currents for the whole yoar thut favour the penetration

of the calcareocus marine forss into thno estuary.

On the East Coast the distribution of living
foraminifera iu the Vellar estuary hes boen reported
by Kamenatiau (1970). The foraminiferal fauna in the
Vellar estuary aud in the present investigation area
ore more or loss sinilar., Remanatian showod that in
the Vellar estuary Amwonis bogcarii forus tuo major
constituont of thc foraminiforal feunc and that
Troghommine influte and ¥iliemmino fusea upiocar in
coasiderable amount in the uppor part. According to
him tho othcr major spooios that innavit tho marine

gone .elong to the genora Rotalia, Elphidium,
wuingueloculina and Cibicides. The agglutinated forms
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belong to tho gonera Miliasmmino, Trocusmmina,
Toxtularia snd Ammobaculites. Tt may be noted that
Sagcammino sphaorica, o major inhebitaut in the

prescit investigation asrea has not becn recorded

from the Vellar ostuary. As obsorved in the Vembenad
luko the largest population is fouud in the sumsor monthe
and during the flood season all tho calecareous forme
perish in tho Vollar estuary. In goeneral the spacial

a.:d sgasonal distribution of foraminuiferal asscabdlage

in the Vesmbanud estuary is oomparublo witn that in the
Vellar cetuary.

The distribution of foraminifeors of the Chipurupalle
strooa in Andhra Pradesh has boeu studicd by Rao ond Rao
(1976). As in tho casc of the Vollar estua:y, tne fauna
in the present investigation aroc has greut affinity
witu that of tue Chipurupalle streocu. 22 living spocis
have dboou reocorded froa tinis area. Cf those the typical
estuarine forms jmmoaie beggarii, Quinjgueloculing seminulum
and “iliemaing fusce are the most common and othor

spocics aro only scarce in ocourrene. Othor specios that

ore found in Loth the arcas are Ammobagulites dilatetus,
9l:vina striatula, Juinguelaculine seminulum end
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Iriloguline oblongu. The mein diffcrence seen in

the ocourrence of specice in thce two arcas i: that
{agecamming sphaeriga and Troghamsina inflota, the
dominant spocioe in the present srcaz heve not been
rocorded from the Chipurupalle stream. The authors
have pointed out that A. boecarii and J. sesinulua
roproduce in the streoun iu favoursble ecological
conditions. The ogourrcuce of the young ones of

4. bogearii, J. gognﬁlum and Elphidium crispum in the
marine ond of the estuary i:dicates that they reproduce
tucre. {imilorly the preeonce of the young oneos of
the cuitinous and eiliceous foras in the uppor reagches
of the estuary indicatcs thut thosc forms reproduce

tuore.

Yhile studying the bottom fauna o5f tho Chilka
luke Patnaik (1971) has observed that the foruminifora
are thoe moest dominani mioro-tenthos in tuc luke and
that tocy are found dictributed all over the area with
monthly fluctuations in intonsity. Acgcording to hia
the seasonal distribution of foraminifera is diroctly
releted to tuc fluctuations in the sslinity of the

lake. Tho maximum muaber of specimcus is reported



from the lake during thc dry scason and the ainisun
during the flood seuson. The largest numbers are
noticed in tho ccentral part of the lake. pecimens of
Rotalig and Tlphidium arc the comamon forme. The adbow
findings of Fatnoik is in egrecment with the presont

observatious.

Mony of the species recorded in the presont
collections have beon roported from the estuarine environ-
wonse from other parte of the world also (Parker and
Athoarn, 1,593 Zalesney, 195.3 Phleger, 1960; Forti and
Hoottgor 19673 Nichols aud Ellieon 1967; ¥Wright, 1968,
Senafor, 196Y; Tepley 1969; Murray, 1968b, 1971; Levy,
19713 OJoltovekoy and Leua, 1471 and Albani, 1978).

While studying tho forominifere in Mireamichi river,

Gulf of lawrence, Cenada, Taepley (1969) has observed

that ¥ilioomina fusca is the charucteoristic spocies

in she upper rogion aund Amponie becoarii in the lower
region of the arec. The relatively large number of
ochitinous and siliceoue species of foremi.ifera reportod

by Nichole a:.d “llison (1967) from the Rappehannoeck eostuary,
Northnorn Virginia displaye the sume distribution pattorn

as in the prescut investigation area. According to him

M. fusca is dominant in the upper strecm and A. begearii
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and Elphidium spp. are the dominant species in the
lower part. BSpocies of the gonus Amuobaculites oscur
in considerable numbers in the fresh watoer gone of the
Reppusbannock estuary. Porti aud Rootsger (1967) have
recordod spocies belonglug to the goners ¥ilissaina,
fagcammina, Triloculine, Quinqueloculina and Ilphidium
frox thue estuarine environwments in BDrasil. Some
rpecies of the family ¥iliolidae have beci reported

b, Wright (1968) from tho brackish wutcrs of Argentina.
The foraminifers of the Tarwer Estuary, and Christ Chureh
Harbour in Englond have beecu studied by Murray (1965a,
196ta). In ocoth tho aroas he has recorded A. bogcarii
aud Elphidium spp. as tho mort dominant forms in tho
lower part of the arco and M. fusgs as the do;innnt
spo-ies in the upper part. Joltovekoy aud Lena (1971)
havo roviewed the ogourrence of M. fusca, T. inflats
and £. sphaorica in the frosh wator conditic.us. Thse
three specioe tnat are known to survive in the frosh
water mcdium are found living in the fresh water sone
of the presecat investigatio.. arca also throughout the
year. Of thoese throe speeics T. inflata shows a clear
profernce for a slightly higher sulinity medium when

compared to the other two species. Those threo spocies
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can bo noted as frosh wator forms as reviowed b;

“oltovekoy and Lona (1971).

The total population density of forsminifora
detormined by Antony (1968) from the continoutal shelf
of Kerala forus 4 to 112 specimens por (10 ca)2 surface
suaple with an avorage value of about 50 spocimons.
According to Murray (1973) the average number of living
foreminifora in the surfaee sedimeut scmples in the sca
varios from 50 to 200 per (10 cn)2 and ho has pointed
out tuat in certain arcas the value rengos from O to
4500 per (10 cm)z. The total living foraminiforal
deneity recorded by Rao and Reo (1976) in the Chipurupclle
strean hos & range of O to 37 spocimons from a unit
volume of 10 =zl surfecc sediueout, excluding the exwept-
ionclly large populction of 250 specimone iu the upper
ond of the estuary during the summeor season. Patnaik
(1971) determined tho foruminiferal stonding orop in
the Chilka lake with the highost value of 322 specizens
per (10 om)2 scdiment samplo. Aecording to Nichols and
£llieon (1967) the living forominiforal popnlatién
ranges from O to 41 per 20 ml sample in the Rappahannock

estuary and ho has recorded a mexicum of 500 specimons in
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(10 cn)2 sample. In tho presont eolleetion the number

of individuals iu (10 on)2 surface scdiwont sample

rangoes from 8 to 80 in tho pre-monsoon period, 5 to 42

in tho poste-monsoon period and 0-11 in the monsoon
period. This shows that the stonding exrop in the
Vombanad estuary is smmller then those of the marginal
marine ouvironments of tho adjacent sce. ¥When eomparod
with other ostuaries tuec foruminiferal standing erop

of tho Vembauad ostuary is similar $o those of the
Chipurupalle stream, the Chilka lake and the Rappahannoock

estuary.

Regarding tho doad shells Ruo and Rao (1976) have
recorded 16 to 1348 shells por 10 =l sedimont sample from
tho Chipurupalle strecam. 1In the Kayamiulam lake the total
numbor of doad shells recorded by Antony (19750) is
about 30 to 2000 per (10 cu)2 sample. The distribution
of the dead shells in tho present investigaiion area
rauges from 40 to 1800 per (10 om)z scdiment sumplo,
ttiereny showing a closo similarity with thoso of
Chipurupallec stroas and Kayamkulom lake. ut the
distribution of dead shells in the Vombanad ostuary
has no similarity with thut of the adjecent sca where more

tuan 50,000 dead shells per (10 om)2 sam;:lo are rocorded.
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The lower numbor of the deocd sholls in the estuaries
may be due to> tue dissolution of deoad sholls in the

estuarine environment by thue secidity of water,

Prom tho forogoing acoou: .t it is evident that

some spcoies like ‘mmonia beccarii, Trochammina inflata,
Niliommino fuscs, juinjuelogulinc seminulum, “lphidium
crispum, . ergtigulstum, E. adyenum, ;. macellum and
Cibigides lobatulus are enjoying an oxtousive goographie
distribution in estuariue eonvironments. Apart from

t.¢ above common specics, the presonse of certain

isoluted species like Sagcammine spheerics, Zheogpax
gcoiti, Amujbaculites tayloreusis, Nonion sloani,
_olivipe stristuls, Qperculinolls oumingii, Q. gomplanats,
Rpialia colear and Disgoruvie rosaoes in diffeorent
estuarios indicate the veriatious in the goographical

distribution of spocios.

In goucral, the distridbution of foraminifora in
tic Vembanud cstuary is more or loes sisilar to that
roported from othor estuarios due to the fuot that all
the e.iuarino systems undorgo the periodical euvironmcntal
changos due to the tidal influence on one hand and the
fresh wator inflow on the other.
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A t £ T iifere in tho ostuarine eo eX

It ie univeorselly accepted thaot freeh wator fauns
has boou derived from anciont marine anicals. In the
Vosbannd estuary marinc species of forauinifors have
ptnetrated into tho brackish or fresh water, through
media of progreasively deoreasing salinity as found at
tie mocoting place of the ostuarine systom and soa.
Most of tho wmodern brackish wutor anicals are forms
which bave migr.ted frowm the sea. In the Vembunad
estuary it is found thuat clong with the froeh water
species of foram.nifora or brackishh water species, the true
marine species Amzouin beggarii ie capable of surviving
in tho brackieh medium in a low suclinity of 13.5%c,
This occlimatiszation of merine foreminiforal spccios to
frogquent chunges in sulinity, would be s gradual change
in their physiology frow stenohalinisms to euryhelinism
a.d from poikilosmoticity to varying greados of homoiosmotie
bohaviosur depending upon the specior and conditious of
cuvironmont. Thus tLe estuarine euvironment has been
and eontinuecs to be an important route for the migration

of the eniuwals from the sea to fresh water.



INTEHSTITIAL FORAMINIFEHKA OF THE §5.NDY
BEACHES OF THE LOQUTU W8T COAST
OF INDLIA

Tho mscting pl.?oe of the sea end land is e sone
of varying width and this sone is always subjcoted %o
wave sotion and tidal movements. The areabotwecn the
extreme high wator lovel and the cxtreme low water level
of spring tides is oommonly cclled tho iutertidal sone
and in this sono the spage detwoon sand parsicles is
known as interstitial area. The thin film of water
present around the particlos of sand in the interstitial
ares s tho habitat of =many small animals constituting
the intorstitial fauna. Thoso animals are subjected
to adverse environ.ental conditions li:c oxcedsive
wave aotion, seasonal and diurnanl changes in salinity
and temperature and oxposure of tidal flats to the

sun.

The ifuvertedrate fasuns inhabdbiting the interstitial
spages o5f the sandy boachos has beecn & subject of
intensive study all over tho world (Pennak, 1940;

Gould and Buohanan, 1956; "issor, 19593 Boaden, 1961,
1563; Maonse and Kalk, 1962; Swedmark, 1964). Por
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the last 20 yoars & mumber of papers dealing with
interstitial fauna have becn published in Indias.
Particular .ention asy be made of the works of Ganapati
end Rao, 196c; Mo Intyre, 1968; Reo and Ganspati, 1968;
Provullion ¢t 8], 1970 end Philip, 1972.

The two important groups of protozoans inhabiting
the interstitial spacos of the sandy boaches are
Foraainifera and Ciliata. Among theose two groups,
foraminifera are the most common in the beach sand all
over the world, cecomprising living as well as doad

represoutatives.

From tho ecological point of view tho study of the
foreminiferal fauns is important since out of the many
spocies found in the eoastal waters only a few are
found adapted to tho spociael conditions of the intertidal

areu,

Because it is casy %0 collect foraminifera from the
sandy coast, greater part of the carlier works has been
concorned with the dead sholls of forunin.i.!orl brought
from the shorc sand (Williomeon, 1958). The study of
foraminifera from the sandy beaches has been a subdbjecct
of groot interest in the Europoan ecast (Phloger, 1966,
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19703 Doltovakoy, 19703 Bandy, 1964; Richter 1964
Tvans, 1965; Murray 1965 b, 1971; Hedley et al 1967
and Bredshew, 1968). The studies on the shelled
protososns of tho Indian coast have boon initiated by
Bhatia (1957) and Reo and Ganspati (1968). I ut
hitherto no attompt has doon made to study those
miero-orgauisms from the sendy beaches of the South
¥ost Coast of India, in relation to thoc coological
conditions. Tho aim of the present work is ¢o
investigate tho intertidal foraminiferal fauna, their
seasocunal. ogourrense, pattern of distribution and

sbundance along the South West Coast of India.

Mo te 4 Moth

Ihe study arog

The investigation area is tho South West Coast
of Iacis extonding for about 300 km in length situated
botwoen latitudos 8° 7'S® and 11® 52'25" N, and '
longitudos 75° 20°10" and 77® 12'00" B (Pig. 10).

During 1974 - '76 samples were collccted from
the intertidal arce from 8 loesslities along the coest
sxteuding from Cannanore in the north $o Cape Comorin



Pig. 10 Map of South Weat Coast of India showing
stations from where samples wero collected
for Sue study of foraminifera.
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in the soush (Table 8). Of these 8 localities,

monthly colleetions were taken froms the Cochin area

to study in detail the occcurrence of foraminifera in
relation to tho ocological paramsters of the

intertidel area. From cach 0f the other localities
only three collections (in April, July and December)
werc mede in an year corresponding to the three scasons
of the year.

R2ield golleetions

Por taking sanmples, the iantertideol sone of the
sandy shore has beon differentiatced into dry and wet
sones. Tho wet sone is the lower rogion whioh 1is
submoxrged by the waves that roll on the shore at
frequent intervals; while tho upper portion is mostly
dry and is submorged only by the rising tides twioe
a day. Hore alsy tuo uppermost region is wet by soe
wator only by the highest tides during full acson and

Dow Ron.

In the present study the forcminifers were
collocted from the wet sone of the intertidal rogion.
Threo points werc fixed at equidistant intorvals -
the first one at the highest level of the wet sone,
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Table 8
iti

Locality Station Ko. I.on;.,gt tI:!t’. .
Cepe Commorin 1 T7 10 00* 8 7' 85"
Kovalam 2 1T 2' 30" 8 21' 30
Privandrum 3 76 55* 15" 8 30* 20+
Quilon 4 76 35 50" 8 52' 45"
Alloppey 5 76 19* 20 9 26* 40"
Cochin 6 76 15' 30¢ 9 S 12"
Calicut 1 T5 43* 00" 11 18* 10°*

Cannansre 8 75 20* 10" 11 S2* 25"

- e e B WP A W D W & S WG @ aOF W A T G G G AB G S W A E A A W a ae
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tshe third at tho lowest lovel of the receding

wavee and tho soocond one at tho middle of the region
in betweon tho first and the third. All ocllections
were tokon af low tide only. Prom cach of the threo
points in the region 250 ml of the surface deposit
was taken using & quedrat, 10 ¢z x 10 om pushed

2.5 oem deop into the sand. Prom this 25 ml of the
sample wos preserved in aleohol for studying living
foraminifora. Duplicate samples were preserved froa
cach statiou for studying living foreminifera and the
avorage nuamber was calculated. The roet of the sample
was 4dried and used for the grain sise sualysis.

fiydrographic data were recorded fom all the
stations at the time of esllection of semples.
Toemporature of the atmosphore, sea water and the sand
et the threoc levels of the tidal area werec noted.
¥ater somples were eollecoted from tho sea and from the
iantertidal area for the cetimation of salinity, dissolved
oxygeu and pii, The interstitial water was colleated
by pushing into tho soil the end of a specially devised
pipette aud sucking tho water.
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Apalysis of tuo samplee

Tn the laboratory the preserved sand samples
were stained with Rose Bengal, in the stain for 24
bours and thon washed cleurly to remove the excese
stuin snd dried, PForaminifersl tests worc separated
fros tho sund by floatation in earvon tetrachloride
solution., Tho shells of forominifers being lighter,
floated on tho surfasees of the solution. The surface
materisl was poured through a 63 u s¢lye, dried and
transferrcd into a petri-dish. Tho rosidual sand was
again examined and any foramiuiferol tests left were
pieked and added to the erops. Emmll quantitios of
tuie saterial was spread ou & glase plate and examinod
under s stercoscopic binoculsr miercecope. The
difforent especios were identified and the living and
dead populations counted. The grain sisze of the sand
wos determined by using standard Endicott sioves
(Xrumbein and Pettijohn, 1938). Analysis of the
water samples was dono as deserided in tho earlier

part.
Qbeorvatious
b o IR0 11 8

Tue animel population in an area ie affected
by the physico-chemical fastors like temperature,
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salinity, dissolved exygon and pll. Por understanding
the eeology of foraminifers the above parameters were

studied and tho rosults are given in Pig. 11,
Temperature:

Tho sedimont tcmperature is one of the most
variable faotors in the erea and it shows seasonal
variations. Therc is little difference between air
temperature and surfuge ses water tomporature while
tbﬂre is difforuvnce botween tho tomperature of sea
water and that of the iuterstitial water. The
tozperature of soa wator is ou an saverage 0.9°C
lower tha. that of the intertidal sand. PFor sea water
the tomperature rauges from 27.5°C iu July to 32.0°C
iu 2pril and for intertidal sand it ranges from 27.0°C
in July to 33.1°C in April. Generally the tompersture
inoreanscs from low water mark towards high water mark
and it varies agcordiug to the tiame of the day. The
toaperatures of the sand at the low tide lovel and
tho adjacent soa woter are mordor less tho seme.

The meximum variation in tcmperature is obaerved at
the up.er level, where it ranges from 31.0°C in
Septomber €0 34.1°C 4in April., The middle region suows
vory little differcnce, since this transcet is always

wot by tho waves and rising tides.



Pig. 11 Monthly moun values of temperature,
salinity, dissolved oxygen and pH of
tho i:tertidal area at Cochin during
1974 - *76.
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galinitys

Dased on the variations in salinity and rainfall
thrce scasons are rogognised in an yoar, a pre-monsoon
(Peb. - May), monsoon (Mey - Septombor) and post-monsoon
(0et. - January). The pre-monsoon period is dry with
less rain fall end tho meximum salinity (34.69% ) is
noted during this pericd. The monsoon is churacterisod
by beavy rain fall and the lowest salinity value (24.36% )
is obeerved during this period. The selinity of eocastal
waters is reduced %0 a minimuin of 26,58% due to the
iuflux of fresh water from the backwaters aud rivers.
The post-mousgon periocd shows an upward treund in
salinity eventhough there are flucsuatious caused by

the north-cast mounsoon.

The interstitiol wator shows higher salinity
value than ses wstor during tho pre-monsoon and
post-monsoon periods, because of the ovaporation of
capillary water during those 4dry soansons. But during
sonsoon the interstitial water showe lower salinity
values b, the infiltration of fresh water. The salinity
valuos of the interstitial water and the adjecent sca

wator for difforent months are shown in Fig. 11.
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Dispelyed oxygen:
The availability of diseolved oxygen is considered

as one of the important faotors that eontrols forsminiferal
population. Dissolved oxygen sontent of tho water
eollected from the interstitial area shows great
flucsuations and this is due to the higher waveo action

and the oxpusure to changes iun atzosphoric conditions.

The meau values of dissolved exygen rauge from 4.4 ml/l
(Decembor) to 7.2 ml/1 (July). Generslly the oxygen

values decorocase from low to high tide lovel.
2ily

pil valuoe of the iutocrstitial wator are lower
than that of sea water. It rauges from 7.7 (July) to
8.4 (April). Tho pH valuecs recorded at different months

are given iu Pig. 11,

Tidos and wavess
Tho tides in the arca are of tho somi-diurmal

typo and the tidal ebb and flow is onc of the factors

in the area whioh determines the width of the inhabitabdble
eres of the intertidal sone. The amplitude of tides is
variable betweo: scasons and ncap tides and the range

of tho lower low water spring level and higher high
wator spriug lovel are 0.20 m and 1.05 a respectively.
(Indimu Tide Table). Strong winde also produectides
which range upto 1.5 to0 2 a.
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Associated with tide is tho phenomenon of wave
aetion whioch determines the bdundaries end slope of
tho intertidal sone. During the monsoon period the
waves wet the sand boyond the high tide merk. The
wevos and tides dotermine the exposure of the organisms
o desiccation and otber environmental eonditions of

the tidal zone.

£end groin siges
In all the 8 stations the sand of the iutersidal

areu is a mixture of particles of differeont sises. The
sand groins are clescificd as very fine sand from

0,06 %0 0,125 mm, fino send 0,125 to 0,250 am aud
modium sand 0.250 to 1 mm (Inmen, 1963). Basod on

tho differences in particle sige tne beach sediment

is eomposed of wry fino to modium sand. The
percontage weighte of sand greins are caloulated using
the formula by Trask (1932).

Generally the seciment of the intcrtidal area
is predominantly mcdius t5 fino sand. A graodation of
sise varistion it secn at the difforeut sones (Pig. 12).
In the low woter level there is a eonsideradle higher
proportion of sand and dead shells. From the data



Pig. 12

-4

Cumulative weight pereentage of grein

.0is0 of sand in threc soasons at three

tido lovels at Cochin during 1974 - *'76
Tho moan value of tho pro-monsoon months

The moon valuo of the monsoon monthe
The moan value of the post-monsoon months
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presented in Pig. 13, it is elear that the sisge

of tue caﬁd grains differs at the 8 stations. A%
station 1 the -uh.trafu- is composcd of 14X of very
fine sund, 41% of fine sond and 45% of wedium sandg
while at station 8 it 1s 69%, 23% and 8% respootively.
The pereocntage compositio.s of finoc sand grains 4o not
va:y sach in tho other ¢ areas and &t thesc stations
they rongo from & maxicum 0f 50% at station 3 to a
ainisus of 42% at station 7. The perocntage woight
of medium sand variocs from 33 at station 2 to 20 at
statio. 8, ihile the vory fine send eomposition
coustitutes a minimum of 20% at station 2 and a msaxiuum

of 38% at station 7.

Prom the dota prosented it is seon that the
sisc of tho sand grains gradually inercascs from north
to soutn. The substrote of tue 3 stations at the
southorn ond is moinly eomposed of iine to medium ssend
while the 3 stations at the northern ond hove very fine

sand and fine sand as the =zajor constituent.

Intorstitiel w:ters
The irregular shape 0f tho sand grains provides

interstices iu which water is filled by capillary action.



Pig. 13 Cumlstive weight perecntage of the grain
sinc of sand at 8 stotions, during 1974 - '76
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Miervorganisms inhabit the intor-gpacos that are
formed by the isperfeets puoking of difforent sised
particles. The capillary water is dependent on the
nature of the deposit and the tide lovels. The
percentage of tho water eoutent of the surface rcand
at high water lovel is loss due t0 evaporation or
drainegec, but the water content inercasos with depth,
The amount of interstitial espillary water influences
tho distributiou and atundance of the fauna at the
u;per rogion aud middle region. At the low tide
mark the l.torepages of sand partieles arec always
filled with water anu hunoe the foraminifera oeour

i1 learge numbers.

o i ogiens
Among the forsminifera ogourring in the iatertidal

aresa therc are living us well as dead specimens and the
living spceies are mainly denlt witn in the presont study.
‘ut, for cecorteining ihe numeriocal strength, all
spceimens including the living and decad are counted.
iltogether 17 spocies of living foraminifera aro

rocorded from tho eollections.
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The number of living spocimens in the 25 ml
sample analysed varies from 5 to 48. All tho 17 species
recorded are caloaroous formes, sad no living chitinous
or silicoous fora was found. Amuonic begcarii (ILinne)
ir the most predominaant form which constitutes more
thian 50% of the total population in tho arca. The
otuer eommon forms found are _uingueloculina bicornis
(Walker and Jaoobd), g. !gg;gg;gg (I4une), Nonjion
boucanum (fasde), Rlphidium grispus (Limne), E. graticulotum
(Pichitel and Woll), i. advenum (Cushmon), 7. macellum
(Piontel ond Moll), Discorbie rosogea 4'Orbigny and
Cibigides lobatulup (“aelker and Jacob). ZIrilogoulina
gblongn (Moutegue), Nonio. slocai (d'Or.igny), Qpereulina
gxanulogu leywerie, 0. gomplannte (Defrance), QOpergulinclls
guaingli (C;rponter). iotallia galoar 4'Orbigny and

Ampuistegina lesgoulj d'Orbigny oeour in low frequencies
in the ares. A clossified list of spucies is given

in ?tbio 4.

Altogother six familie: are reproscnted, but most
of the members bolong to the familioe Miliolidoe,
Rotaliiduo and Nonlouidae. Of tuese, except fauzily
#1lio0lidae all are perforste forme. Pasuily Yiliolidae
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insludes threc specice - guinguologulins bigormis
(valkor and Jacov), §. gemjinuluz (lLinne) and

Irilpguliun oblongs ( ‘ontegue). In tho perforate

group, Nonionidae forms the most varied family with two
geuors and eix spocies - Xoujion bouesnuas (Made), XN. sloani
(4'“rbigny), Elphidium grispus (linne), _. gra at
(Fieutel cnd Moll)e E. sdvenua (Cusumen) and EB. mngellum
(Fichtel and Moll). Tho fomily Camerinidce is represented
by two geunora end turee spcoies -~ Operculinells gumingii
(Cerpenter), Jperculins granulosa (Loymerie) and

O. gomplonnta (Dofrence). The family Rotaliidee is
represonted by suree species -~ Disp-~oruis rosegea (d'Orbigny),
J2salia galear (d'Orbigny) and Ammonju (iotelis) heggarii
(Iinne). iach of the fazilies Amphisteginidae and
Anosnlinidae is represeunted by a siugle spocies,
Amphiistegine Jesgonii d'Orbigny snd Gjbleides lodatulus
(Yalker and Jagod) rompectively.

Buverige) dousity
In #ig. 14 is presented the total muaber of

foraminifora (both living and dead) as ocours at
differont stations. The retios of the total number
of living snd dead spocimens of the three promincnt



Mg. 14

Histogram showing the numeorical distribution
of the total mumber of :ioraminifere at 8
localities during 1974 - *76.

Trianguler diogram showing tho ratio of the
total spocimons of the three families
Miliolidae, Nonionidee eud Rotuliidae at

8 stations
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families Miliolidoe, Rotaliidae and Nonionidae at
the cight stations are plotted in & triangular

diagram (Pig. 15) following leoblioch and Teppan (1964).

Zonel distridutions
The living population in tho sample analysed

shows consideraile variatiouns, scasonally and at tho
three lovels (Tacvle 9). Only Aamonia begcarii is
found living at the upper level in June-July montus.

um orfspum, L. grotieulstus and Quinqueloculins
Seninulum ap.ear at this level from August~ opteubder

on ar.s. Prom Jaouary to April sll the speceiocs are
prescnt at this lovel and tue number of living specimons
is &t ite sexioum during this poriod. In the post-monsoon
period Q. bigornis, Nonjou s)oani, Disgorbis rgpsagea

and Qperguling gomplenate are not found st this level.

Thoe aiddle sono supports tho second sbundsnce in the
oscocurrcuce uf liv.ng spocimens. Execept in the monsoon
sousou all the spocios are found at this lovel., In the
low wator lovel all the spceies are found living in the

post-monsodn Gud pre-monsoon period:s, but in the monsoon

period _lpuidium magellum, uiuqueloculigu bigornis,
liegorbis rosacce, Opergujing gomplans$s and Ixilogulina
oblonga are not found alive.
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Table 9 Living foruminifera at the three levels
of the woet zone of the intertidal region

at Cochin in

1974 ~ '76
.d--’“‘-------------------‘-
g Lower level
1O 77 T T T TS eSS .-~ -
Eg. All species prescnt All spec
8. ------ - M e M @ B W e > > e

- == Ammonia begearii
tRotalia calgar
'Elphidium crispum

: E. graticulatum

2o advenum

1l.. magellum

' :
Quingueloculing somi-
' nuign

:Ngnion boueosnum
tCibieides lobatulus

! Amphistegina lessoni

: gperculing gronulose
 Qperculinella gumingii
¢t Iriloculina oblonge

by
-_

¥onsoon

—-J----

All specics prescont

Pos t-monsoon

-h A G AP AP S W TR A TP Gr WP G WP WP WP W

Middle level

Ammonia bogearii
Elphidium ¢rispum

£. graticulatum
Nonion bouesnum

Q. seminulum
S magollum

411 species prosent

aifferont socasous during

Ammonia bogcarii

C. lobatulus '

Ammonio begoarii

Juingueloculina
sominulum

~lpuidium grispum
. graticulatum

Z. mugollum
Nonion bouesnum

Cibigides lobatulus

smphistoging lessoni
Triloculine oblonga
Opcrguline gronulose

Operculinella cumingil
Rotalia galcar
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The total mumbor of living specimons present
in the threec levels shows considerable variations. Tho
upper level supportis the miniaum numbder of living
specimons and the population ruugee from & seximum
of 28 in the pre-monsoon season to0 & minioum of 8 in
the monsoon sceson. The middle level supporte She secsnd
ebundance in the ogourrsnsce of living specimens. At
this leveol $he living population runges from 12 in the
aonsoon so:son $0 38 in the pre-monsoon period. In
the post-monsoon season it is about 25 at this level.
The low water lovel supports the maxisum numbor of
forami . .ifera in all the scasons. Tho oorresponding
pumbers in the pro-mqousoon, post-monsosn and mOnsOOnN

scasons at tuls level are 48, 38 and 20 respectively.

Regarding the seasonsl oecurronse of foraminifera
the maxicwux numnder is found in the pro-monsoon season
and the minimum in the monsoon scason st all the three
lovcls., (Pige 16). The ogocurrence of living forsminifera

with corresponding hydrographic dats is shown in Pig. 17.
() nal di e 8
Tho ogcurrence of forsminifore i: all the stations

eshows the maximun abundence in the pre-monsoon period
and henee to study the regional diversity of spooies
tue data c¢ollected during this seeson from all the

stations are precented in Table 10. The largor forms



\

144

Tadle 10 Oenersl pattern of the distribution of
foraminifers at 8 stations (mean values
of April 1975 and 1976)

tpeoies

Suinqueloeulina bicornis

. semimulus
Zriloculins oblongs
Fonion boueanum

E. sleani

Opergulinells gumingii
Disgorbis rosegcs
Asmonic begoarii
Amphistegina jossonij
C.bloides lobatulus

- e ap S A B W@ W A W W W B B

da s o

Rarc (R)s

Froquent(P):1 6 =20
Common (O)s1 > 20

1«5

Stations

1 2 3 4 %5 6 7T 8
< R R R P * R &
R R R R P C ¥ c
« R e« R « R P P
- « R « R P ¢ R
« =« = =« R R P*P P
¢ » ®» ¥ R ®» R R
0 ¢ ¢ ¢ R P R =
¢ R P -« R R R =
R - R - R R r ) 4
C ¢ » R =« H R =
P C R B &« R o =
P P P - R R R -
e« e e K R * R R
P P R ¢ ¢ ¢ ¢ ¢
- o R € 4 C6 R
- « R R ¥ £ = R
- =« « R R ¥®* (¢ P
individuals in 25 ml sample

individuals in 25 =l samplo

i:.dividuals in 25 al somple
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of the families Miliolidae and Camerinidac are
dominant in the southern part (stotions 1 to 4) while
saaller forme of tne fumilies Anomslinidae and
Amphisteginidec are prominent in the northernu part
(stations 7 saua 8). At stetion 6, species of the
family Rotaliidac form more than 50% of the total

assemblage.

0f tho 17 spocies found living in tho intertidal

ares. Asmonie begearii, Elphjdium eraticulatus, B. grispum
and Juinquejoculing geminulup are the mejor inbabitants

ond Mopion slosni, Discorbie roscgoa and Iriloculina
2blongs are rarc at all tho stutions.

At station 1, Operoulins granulosa, Q. gomplenats,
gperculinellsa gum.nugii, Flphidius graticulstus, . grispum
and E. adyenum er¢ morce dominaut thon at the otner

stations. Those species are freguent in ococurrence at
stations 2 t0 4 also., At siation 6 aspmonic beggarii

predouinates over all the other forams. All the othor

speoics ogour in modorate mumbers only. Cibjeides lobatulus,
Nonion boueanum and Tri}oguling gblouga are the common

forcs ot stations 7 and 8.
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© b 4 2 at 8 $1 0

Anothor feature noticed in the present study is
tho seasonal variatious in the total number of foraaminifers
collected from thoe 8 stations. A fairly rich fauna
is found at station 6 in all the seueons with tuo meximus
of 2700 and the sminimum of 600 numbors ocecurring during
April aud Deacaber respecotively. In July (Monsoon
period) the total number at this station is 950. The
minimum nuzber occurs at station 1 turoughout the yoar,
and 1t varios as 160 in July, 210 in Docomber and 260
in April. At stations 2,3,4 and 5 the numbers rocorded
during December (post-monsoon poriod) are 310, 300, 430
and 510 respootively., At stetions 7 and 8 the corresponding
values are 640 and 490. In July (monsoon period) the
monthly values of the toial foraeminiferae are 280, 300,
400, 450, 950, 500 and 400 at stations 2 to 8 respoetively.
This shows thoat the total number of individuals are high |
during the pre-monscon secason when thoe living specimens
are &t their pesak of occurrcnce. The post-monsosn poriod
sbhows the second abundence in osourrense throughout the
area. But in tho monsoon poriod the total number is
gonerally po5r when compared to tho other secasons.

Thore is o docline in tho mumber of dead shells during
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the monsosn poriod whon the living specimens are
found in lesser nusbers. Thea a gredual increase
in the dead rhells is noticed which reaches the maximum
in 4pril. Thus a cerrespouding incresse or decresse in
the numbor of dead shells with that of the living
specimons is noticed sccording tc ecasonal changes,.
live-deed retiocs

Tho number of dead shells show: a docline fros
theo upper level to the low tide level., It varios froa
375 to 2700 in the upper region, 300 to 2000 in the
middle level and 250 to 1100 in the low tide mark.
During pre-monsoou period the ratio of living-dead
population at the upper level is 1:165, in the middle
mark it is 1154 aud in tho low tide level it is 1:48,
During the monsoon scason the ratio ranged from 13144,
1150 and 1180 rospectively. In the post-monsoon period
in the uppor level the live deed retio {renges is frem)-
1192, in the middle level 1180 end 4ii. the low tide
level 1:55. This shows tuat morc empty shells of
foreminifora oecur i.. the post-monsoo0.: season than in

the other two seasons.

The living and dead gpeocimens in tho samples
differ iu their rolotive sbundunce of individual species,
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In the upper region in July the numbdor of living
Specimens of Ammonia bdegoarii is 8 while the dead shells
of tho same spocics is abous 2000, In April at the low
tide level the numbers of living and dead s pecizens

of this species are 28 and 650 respootively. Similarly
& sorresponding increase in the number of dead shells of
all the specios is found throughout the ycar.

d n nd

Cf the several ounvironmental parameters studied,
the grain sise is the most important faetor thet shows
variatious in different localitics. The 8 stations
selectod for the present study differ in the nature of
suvstrate. There are variations in the eomposition of
groin sise in different stations as shown 4. Pig. 1y,
‘omo amount of correletion between the grain sise :1.d the
sige of roraminifers cau be seen iu tue proesent atudy,
The lorge sized foramiuifera avove 1 ma such as Elphidium
advenus, L. grispus, E. gratviciletum, Oporgulins Kranulosa,
9. gomplengte sud Qperoulinells gumingii sre found in
large numbers in station 1, whore the substrate is with a

high proportion of med.um ssnd. Spall forme with leass

then 0.5 om eise (Honion bowespum, N. swhni, Discorbis
Xesages, Irilogulins oblouge and Cibigides lobetulus)
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appeer in lurge nuabers at stations 7 and 8 where higher
perccntage of very fine to fine sand contributes to the

substrate. The mcdium sised forms with sise range

0.5 to 1 == (Kotglia galoar, Ampuisteogina lessoni and

E}pbidium magellum) ocour more in nusbor at stations
5> and & where the substrate suows a rolatively high

percontage of fine sund. [iowever at station 6 all the

speocies are present iu fhirly good numbers compared ¢

othor stetions. Amilorly Rotalia degoarii, Elphidius
gratioulatus, E. grispus and uingueloculiue semjnulum
aro found common at all the statious tuough they show
variations iu Siieir sbundanecc at difforent localities.
The rolations:ip dbetweoon sand grain sise and the total

number of foruwinifora is shown in Pig. 4.

Disgussion
Eelogigal footors
The ovservations show that the abundance and
distribution of foramivifera are affoeted b the

onvironmental faetors like teaperaturc, salinity,

dissolved oxygen, pH ond the uature of sho substrate.
Jemporature:

Some foraminifera cai tolerata wide variations

of tcmpercoture while othors have o nerrow range of



Pig. 18 Rolatiouship botween sand groin sise and
total mumber of foraminifera at 8 stations

a Perecntage weight of sand grain
b Total nmumdber of foraminifera



' PERCENTAGE OF TOTAL NO.
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toleranco. On & world-widc basis tho major shallow

wator foraminiforal feuwia is eontrolled by tomperature.
In the present study area the tomperature variation is
wituin the range of 27.0°C and 33.1°C. Since those
flustuations of tho tomperature are within the range

of tolerance of all the spcoics, it dooe not seca %o

be & coutrolling faetor in the oecurrence of foreminifera
iu the erea. Howcver it was observed thut the populations

woro z0rc at & temperature raunge of 30 %o 32°C,
Salinitys

0f the soveral enviroumeutal fastors tuat iufluence
tac ogourrence of i.terstitial foramiuifera, salinity 1‘
the most important. The marked fluctuations in the
sulinity osus:d by the seasonal chaenges espocially by
the monsoon ruins, bring acout changos in the oceurrence
and distributiou of foruminifera in tho area. Only the
ouryhulino spocies survive in the intertidal sone. It
is secn that out of more than 150 species recorded from
the goostal woters of the South ¥Yest Cosst of India only
17 are found living in tue study area. Tuis shows that
the majo.ity of the foruminifersl speciees are stenchaline.
It is also observed that foreminiferal populations are
abundant in salinities higuer tuan 30%, during the

pre-monsoon and post-monsoon periods. Many reeont
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workers huove studied the salinity tolerane of euryhaline
foraminiferal spoaies aud this aspect has becn discussed

in tho previous guapter,

Dissolved oxygons
The availebility of dissolved oxygeu is an iaportant

euvironmental faoctor that eontrols the deourrouce of
forsminiferal population. The lower limit of oxygen
tolorated by most mieroosrganisas ie 1 to 2 sl/1 (Smery and
Stevenson, 1957). The oxygen valucs in the prosent study
are higher than those of tue adjasent soa wator, espccially
during toc monsoon period (4.4 to 7.2 ml/1l). o the

oxygen content of the intorstitisl water in tho arcs under
fuvestigation is not a limiting footor as regards the

ogourrence of foramicifera.
pils
Iroms the coological staud point hydreogea iomn

oousentration is suotuer iasporsa.t faetor that iufluoncos
the ogourrence of foruminifera, singe the acidity of the
sediuz casuses postuortox dissolution of tho ealeareous
test (lLoe, 1974). Generully the pH of the iliterstitial
wator is lower than that of the eoastal water. In tuo

presont oiuservation the values of F*b dissolved—oxygen

show seasonsl fluctuations with tne lowest value (7.7) in
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July snd the highost value (8.4) in April, indieting

that the pH condition in the pre-monsoon poriod is more
fevourable for foreminiforal growth. However, those
varietions in the pH are within the limiis of toleranco
of the foraminiferal species inhaditing the intertidal
aree and hengc this ccologiaal paramoter is not a limiting

factor in this rogion.
a an Y re e

Isoblioh and Tappan (1953), Graham ot &} (1959),
leo et sl (1969), Ramnnsthan (1970) and Murray (1973)
studicd the relationship between foraminifera and grain
sise and found that aun inverse rolationsuip exists
betwecn the msdium diamotor of sand and the numbder of
foraaminifora. WV:en tne dismeter of the soud i.crosses
there is o doorease in thw numier of foramiuifors and
yige~-versa. The diversity in the oecurrense of foraminifere
in the prcsent arec also shows this interesting distributional
trond. The population ies found in larger numbers st stations
6 & & where the sediment is witi: more finer particles.
A relatively lesser population ie secn at station 1 where
the substrate is with more ecarser partsicles. As regards

the oeurrengce of foraminifera and tho nsture of she
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substratum it seems that the differcnce in tho sise

of the grain particles at va:ious localities is an
offective fagctor in the oecurronco of the miero-organis:e
in the area (Pi:. 18). Howover, theo living foreminifera
recorded from tho intertidal area can be considored as

surytopic to sund habitat,

The foraminife feuns

Ecologieal grouping:
The ran:e of tolerance ap;lics to all limiting

environmental fagtors. 4 species will survive only if
none of tue environmental factors exceeda the range of
tolerance for survival. Even if & single factor oxceeds
tbe limit of survival, tho species will die off, Im tho
shelf water, the ohanges of ecologieal paraometers take
ploce slowly 80 that the orgeuisms got tice to be in
equilibrium with the cnvironment. But in the intertidasl
environnent the ecological changes arc great and fast.
S0 the groat mejority of the foraaminiferal spociocs that
are brought to this arca, will die duc to0 the adverse oaviron-
sontal oconditions and deposit thoir celocareous sholls.
As u result, thoe scnds 0f any tropical beachos are made

up of a large amount of foraminiferal sholls.
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Out of more than 150 species of foraminifers
eollectod from the sands of thoe intertidal area, 17
speciees have adapted thomselves to0 inhabit the interstitial
area. £ince thoso species have tueir natural habitat
in the oocostal .arino onvironment, the ocapacity of
tolerance of va:ious species differ in tho iutertidal
arca. Based oun the tolerance limite and abundanee,
thesc 17 species are divided into 3 groups - group 1,
includes tho most dominant spocies; group 2, the second

dominaut species and group 3, the rare speeies.
Group 11 Epecies whose coneecuntrations are more than

%0% of tho total population are inecluded in thie group.
They constitu.e the highly tolorant euryhaline and
ourytuermal species., Thosc forms thrive in oconditions
which would bo rcgarded as adverse for normal stonohaline
foraminifore {(Murrey 1965). Tho spocies included in
ti:is group in the order of abuudane are Ammonia begcarii,
Elphidium ereticulstus, .. orispus eud Qui.gueloculina
seminulum. Thosc four spocies cau be ro arded as the
true interstitiol foraminifera. Of these fouxr species,
Aasonia begeerii, ¥he mjor innabitant of the interstitial
arca is tho most abundant and widesprecd speciee

whioh sometimos constitute more than 50% of the total
foraminifercl assomblage.
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Group 2: The next abundant spccies included in tuis

group are also widely distribduted throughout the yeor

iﬁd are not mucn subjocted to normal scasonal environazental
changon; Bt tueir numerigal strength is not as muech

as thot in thoe first group. Aleo during cortaiq“nonth-
thoir ocourrence is restrictod to the low aud -iddlo
lovels. Those forus constitutc less than 50% of the

total population a&nd esre Rutalio gcalgcar, Elphidium
adeyepum, B. sugollum, Noujou bguosoum, Cibicidos lobatules,
Oporeuline gresuloss, Qpergulinells gumingii and

Sroup 31 Tho third group is ooufined to species with

rero geeurrence andi the forme coming in this group
constitute about 20% of tue total population. Durin;

tiic monso09o.: season these forme are found rerely in the
midile and lower levels. The specics included in this
group are able to tolerate only sunll variations in the
cuvironmental condivtions. This sroup includes tho
specios Triloguline oulgnuge, Nemion slouni, Disgorbis

ca, Operculino complonate cud Amphistogins lossonii.

In addition to the above 17 spocies, live speciuzens

of a few othur spekos have also been recorded in small
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aumbers from the low tide mark. Howover, tho dead

sholls of theose specios are found in plenty in the

other sones. They are Amapbaculites dilotatus (Cusumen

and Bronnimann), Milicsmina fusce (Frody), froguacm.ps
inflats (Yontague), Textularia goglutinens (d4'Orbigny),
cpirologuliina depressa (d'Orbigny), Triloculina $rigarinate
(a'orbiyny), guinqueloculina dclicatulum (4'Grd..ny),
Rotulis gcalear (G’Orbi,.;gn])'. Discorbis globularis (d'Ordbigny),
Elphidiun exeavatum Terquem, 3. Translucens Natland,

Doliving nobilis (Hantkon) and B. ptristula Cushman.

g;uuggg; density :
Reite:r (19%9) has observed 71 individuals of

living foram.nifera in 40 oo panple taken from the coast

of Jadc Day, Northu Sea. PFrom the coast of Santa “onies Day
he has roccorded 129 spocies and out of those only 17 were
found in the living ceondition., From the beacihh of California,
,Roiter (1959) collected 27 species of living foraminifera
and 2280 shells in 10 on2 sample., Out of tho 120 species
colloctod from San Diogo, Cooper (1961) found 64 spocies

as living represontetives. Boltovekoy (1964) rocorded

98 living spocies from Puerto Deseado beach and

Hedloy et &) (1967) recorded 63 species from the tidal

belt in New Zealand.
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In the shores of Moxioco, Segura (196)) reoorded a

total number of living and dosd auepblngo ranging

from 4 %0 6480 in 10 on® of sand. Out of more than

150 spocios ¢ollected during tue prosent investigstion,
ouly 17 are found living. The other species are
ropresented only by dead shells. When comparcd with the
findings of the above mentioned workers, tho number of
living spocimons is poor in the present study area whore
the maxiius numbor of living and dead sscemblage ranges
trom 49 to 2700 in 25 w| sample. Prom tho data of

8§ stations studied it is clear thut tho live-dead ratios
of foraminifersl speoci:ons does not vary significantly
frum atution t0 station., Tho numbder of living spoeimens
is poor in tihec study erca thougu the numver of dead
siells is more. Tho recason for the differonce in the
relative abu.dance of live=dead individuols is due ¢
the addition of doad shells of other species washed on to

t:.0 shore,

Zonul variatiouss
A oomparative study of the foraminifera in the

threc levels of the tidal arca at the 8 stations has
euown that the low wator level supports the maxisum

numbor of spocics. Except for tho spocies Nonjon s}oani,
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gperculins gomplensta, wuinguelooulins bigornis end
Piscorbis rosagea whieh do not oecur alive in tue
monsoon season all the other specics aro found in the
low wator level througiiout the yeur., Thc most dominant
speoies Ammonic boggarii comstitutes morc than 50% of
the total population at this lovel. The upper level
supports the sinimum numbor of foreminifera in all the
scasons and during the monsoon period only A. hegoarii
and uingquelogulins seminulum ogours at this level. In
the middle level only 7 species are present during the
moneoon period while 211l the species ococur in the other

two socasons.

As it is snown iu Pi.. 10 in tho low tide level
the xaxi.ux number of l.ving speci.ons is 48 1. April
and tho minimuam 20 io July. In the upper level the
number is 28 in April and & in July, while in the
intormediate level thc ausber was 38 oud 12 respeetively.

During the monsoo:.. months the ehange in the
cgological conditious in the upper level is more promounccd
than at the other two levols. The film of water prosent
eround the sand particles of the uppor level is loss than
that in tho other two levels. Also tue evaporation of
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water is morc at this level. This may be the resson
suat foraminifers arc generally less in number at the
upper lovel than in the other two lsvels.

The high ratc of doad shells in the upper mark
ean be oxplaincd by tho fagt that the ompty sholls being
lighter than the living spociuwens, tho wavces carry tucm

u;. and doposit there.

The sonal variatiosos in the occurronce of foraainiferas
in the tidal area hae boon discusced by Riehter (1964)
while studying the foraminifera in the coast of Jude Bay.
le found significant veriations in the oecurronge of
spooios at different tide levels. He poipte( out that
tho low wator mark was dominatod by Elphidium exgavatum
while the uigh water mork was dominated b, . craticulatus.
Aecording to his tho meximum stending erep was in the
bhigh water lovel and tho minisum in the mld water level,
the low water level showing an intormediate standing
orop. 7This doee not agrec witu tue prosons tind&n;s.
The present obsorvation suowefthe minimum numbor of
spocimens in tho uppoer level and the number gredually
increcase towards tho low tide mark. The difference in

the oocurrenoogot forominifera at the threc levels of the
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tidal area has beon discussed by Segurs (1963) based
on the collections from the comst of Mexioco. The
puottern of distributiou observed by his agrecs with

the present findings.
ional varia )
Jased ou the ogourrence ond distribution of

foraminiforal spocics the area under investigation oaon

be separated into three provisional regions. The southern
region (stations 1 to 4) is dominated by ‘lphidium grispunm,
Z. erstioulatus, E. sdvenus, Qperculins gremulosa,

O. gomplenate and Operc:linells gumingii. The northern
region (stations 7 and 8) is dominated by ~, mugellus,

Nonion boucon:m, Disoorbis rosugea and Cibdigides lobatulus.
The middle srea (stations 5 and 6) is dominoted by

Ammonis begcarii, Rotalia golger, Asphistegina )essoni and
Quingucloculing bicornis. Jesides thesc, gertain
cosmopolitan species are fouud throughout the ares.

Ae begecarii, Quingueloculins seminulum, Aphidius gratigulatum,
Asmphistexina lossoui eud Cibigides lobatulus.

Hedley ot 81 (1y67) while anolysing the foraminifersl
fuuna from tho boachos of Hew Zecland over 1000 miles
latitudinal ronge, found no significant rogional variations
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in she founa. Oooper (1961) in his studios om the
forsminifora from the California dbeach, separated the
beach speci.eus iuto three provisiounal fauna based on
the variations in their ceourrence snd abundanee in the
latitudinal renge. Iu the prosent study the pattern of
distribution aud abundence of foraminifersl spocies at
the 8 sites are found to be quite differcnt from one
ansiber. As stated in the carlier part the southern
stations (1 %0 4) are dominated by larger forms. The
northorn stations (7 and 8) are dominatod b, smaller
foros end the middlo stations (5 and 6) are with medius
sised forms. Thus a grouping of foruminiferal faunas,
based on the rogional oecurxence and abundunee into
turoe typos us proposed by Cooper (1961) can be secn

in tue present study, though the latitudinal range

ie not oconsideraivle.

Seasonal veriationss

¥hen a correlatiou ie sought botween the foraminifersl
distribution aud the ceological parumoters, it appears
that those factors with seusonal oycles are respousible
for the population trends. §Sinee variations in
tomporature, salinity, pH and dissolved oxygeu are secasoa
dopendont, it is belioved tu.at they are important in
edntrolling tho foraminiforal seocurrenec and adbundanso,
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Rog.rhim the seasonal ocgurrence of foraminifera
the meaxicum number is found in the post-monsoon season
aid the minimum in the mons>on season in all the stations.
This shows that tho oceurrensce of these mioroorganisas
in the tidol area fluctuates scusonally. It is also
ovidont that the ocoological conditions ere favourabdble for
t.e80 protozoans during pro-monscoon aud post-sonsoon
poriods, Docsuse of tho unfavourable ccolegical eonditious

in the monsson period liv.ng specimens are fow,

The decline in tho number of living individuals inm
+i:0 monsoon period may be due to the low rate of production
in the standing orop during this poriod. In Juune with the
onsot of the moneoon a suddon ehouge in the eeological
couditio.. oecurs a.d as @ result mmjority of taese
microorganisme poris::. This is the reason for tiie decline
in the number of living individusle in the monsoon period.
Prom November onwurds the ¢aological eonditions become
favourable a:d tuc standing orop iuorcasos and reachos

its moxioum in April.

The dota roveal thut the seaso:.al fluctuations in
tho donsity of forauminifora is mainly due to tue changes

in salinity from souson t9 scoson., The fuuna shows ite
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moxisum dousity in the pre-monsoon period when the
salinity reaschce its maximum value. The foraminiforasl
stauding orop decrcases in number witih the deerease in
salinity. Tho n.mber of forominifera incroases with
the inerecse in sulinity and the poak dcnsity, of adbout
throc times as that of tnc =onsoon soason is osbserved

in the pre-monsoon seoson.

Tho overall pattern of the seosoual distribdbution
of foraminifera in the area conforms with that im the
interstitial area of sandy beaches such as those studicd
b, Boltovakoy (1964) in tho coast of South America,
tmith (168) 4in tuo coast of Piji, Hedley gt al (1967)
and urray (1971) in tue coust of liew Zoacland. In s8ll
tuesc areas tho forauiniferal feuus ehow marked scasonal
fluetuations iu tuc stauding orop acoording to salinity
ghu:;.gos - an incrcase in number witu au inereasec in
s.linity and a deorcasc in numbor with s doercase in

sulinity.
fimo variations: .

Riol and diversified foraminiferal fauns osecur in
the near shore suallow erea and generally the forami:iifere
is within the size range of U.2 to 1.5 mm. The inteortidal
arca is populate. by organiem: trensported from tho nesrly

shiallow region. Of mo o theun 150 specice of foraminifers
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colleoctod from the coiitinentul shelf of Kerals, 30
speoies are largo sised forss with the sise range
betweon 1 and 1.5 mm, 22 species are smallor with lese
t.an 0.25 mm size. The romaining species are within

the sise :ango from 0.25 to 1 mm, PForaminifera of less
than 0,25 m» siso are not found living in the intertidal
sons., The medium sised forms are found rarely in the
ares, Bhe large sised foraminiferas above 1 mm, belonging
t0 tuo families Miliolidae, Nonionidue and Rotaliidae
are tuo common forme ogcurriug in tho iutertidal zone.
rleger (19%6) has reported Jujngqueloculina, Ammonis and
Elphidium as the typicel and charscteristic genera of the
sendy beaches of Toxas. The preseut investiga:iion areca
also Secms to bo wmainly populated by larger spooies
bolonging to tue above geners and thus sgreeing wita tho

fisd4i0gs of the a.ove authors.

Stendiug orep s.d produetionms
ledley et a} (1967) romarked thaot most beaches

seom to be populatcd b. epecies from tho nearby sub-littorsl
areus and that thesc faunes viry sccording to the
googruphical position. Marray (1967) hees shown that the

regions of sa2u:11 standing orop must have low production
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and regions of very large standing orop must bave
high productiou. Ascording to him the faunas in s
beach aroa ropresents the fertility of She sea floor
of the noer shore region. In the present study the
Cochin coast (station 6) is an arce of high produotion.
The abuuduanee of phytoplankton. provides a good supply
of food for foraminifera. The foraminiferal standing
erop at station 6 is relatively high and this moy be
duc t2o the high production in the nocar siiore wuters
of tuis aeres.
C ri b _othe e

From tho study of the distribution of foraminifera
given above, it is seon thot the number of species is loss
hero compared to other beaci.es 5f tho world. Since this
is thoe first attempt to study the living foreminifera
from the intertidal arce in Indias, a comparisou of the
special distribution of thesec organ.sue with other parts
in Indis is not possible. ut, ss already mentioned the
foraminifera in the intertidol ares hes booun o subjeot
of study iu soveral regiouns of tuc world. Of the 17
live specios rocorded, 10 areo kuown 1.terstitial forms in

sandy becaches of the world and tuc remaining 7 specios
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are not soon in any of tho previous rocords of
iutertidczl colloctions. Tho known foraminifersl

spocies are (in order of thoeir abundance in tho presont

colleotion) Aummonie boggerii, Elphidium oregigulatum,
2. grispum, E. adyenum, :. mogollum, _uinquolooulins
iisgorbis rosages and Juingueloouling bioornis. The
following spocies oiLserved in tho presont collection
scenm to be the first rocord from the intertidal arecas
Eotalia gelcer, Amphistogime leseonii, Nonion glooni,
_perculine greuuloes, Q. gomplansta, Triloculins
sulonge snd Qperculine}ls gumingi.

Poraminifera from thc beach environment of
¥artha's Sinoyard Islaud in England had been studied
b, Todd and Low (1961) wuo recordod tue spocies
Juinyueloculing gominulum, Lmmonis M and Elphidium
eratigulatys from the arca. These thrco spocies havo
also been roported by Sequra (1963) frow the beach
samples of ¥exioco. In Puerto Deseado eoast of South
Ameriou, Boltovskoy (1970) rocorded Elphidium macollum
as the most dominont spocies., {mith (1968)has otserved
§. seminujum as thoe dominsnt specios in tho tidal
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flat of Chile. A deccarii, Q. seminujum, Nonion
coueanum, i. gratiouletun &ud ¥. meeellum have boon
reported from Jado Day at North Sea coast by lieako
(1962, 1In the ow Zoaland beachoe lledloy ot gl (1967)
hos recorded Q. seaminulum, X. groticulstum, A. beooarii
aud Cibicides lobatulus as the t. pioal beach forme.



EUMMARY

The presont investigations confine to a study
of the distridution of foraminifera in the ostuarine
environmeut and the interstitial area of tho sandy
bocachoes of the “outh ¥Wee& Coust of India with a view
to correlate the distribution and intensity of
ocourrense of the various spocies with hydrographie
couditions and the substrate characteristies of the

aroea.

Studies on the foraminifora of the ostuarine
environuent were carriod sut in tho Vombanaed lake, a
major estuary iu the foutu ¥est Coast of India oxtending
for about 60 km from Coobin burmgutu in tho north té
Alloppey in the south. Portuigiitly colleotions of
hydrographical data aud gradb samples of bottom doposit
were sede for o poriod of 2 years (July 1973 to Juue
1975) from fiftocn stations chosen along the longth of
the lakeo.

Iive foraminifers iu & unit area of (10 c-)2
surface sedimont sumple have boen esticutod. Lhirty two
living spocies of .oraminifera - twenty one caloareous

and el ven chitinous and eilicoous forms worec obsorved in
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the estuary. Tho species of foraminifera in the

studied areca sppear t0 vary according to estuarine
oconditions. The general distribution of tho specice
show that tho lower reaches of the ostuary is
characteriscd by calcareous species which are

absent in the upper resches of the ostuary. The

spocios Ammonic beggarii is the most doaminant calcareous
form and constiiutos about 50% of the total forsminiferal
population in the lowor half of the Vembanad estuary.
Chitinous and siliceous tbraninitera are dominant in

the fresh water sone of the uppor reshes of the area

and thoy oscur rarely in tho merine soune. }ilismaing
fusga and Sgocamming sphoeriga occur abundantly in

the middle region. Tue varicus spocies are clascified
into different groups based on the ceologiocal eonditions.
The investigation shows that thore is great diversity

of genora aud spocies in the differont regions of the

estuary.

Tho Aydrographical econditions of the Vembanad
lako show marked seasonal variations. Salinity is found
to be the most important factor that controls the
ogourrone ond distridbution of foraminifera in the
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Vombanad estuary. Attompt has beon mede to

ascortain the lowor lizits of salinity into which
cach spocies penetrates. Distribution of foraeminifera
in different seasons shows maximus population during
the pro-mousoon period and the minimum during the
monsoon period throughout the cstuary, roflecting

the deopondence on salinity. Low spooies concontiration
is noticed in the upstream end of the lake. The
distribution of foraminifera in different types of
bottom doposite has boon studied. The nature of the
substratun has great influence on the distribdbution

of bonthic foreminiferal poepulation., The foraminifersl
standing orop is morc im the localities where the
substrato is witi: fine to medium sand mixed with low

percentage of mud.

Studies on the vertical distribution of foraminifera
show that morec thau 90% of thom ocecur in the uppor 1 em

of the sediuwont and vory raroly observed bolow,

Investigation of the i.terstitial foraminifers
from the intortidal ar.a of the susndy beaches has bdboon
conduocted bascd on tho semplcs colleoted during 1974-76
froe the intertidel arce from 8 locslities along the
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South Yest Coost of India extending from Cannanore

in the north to Cape Comorin in tho south. The
distridution of foraminifera at thrce tido levels in
relation to the ccological parameters have boon
studiod. Seveonteon species of livn foraminifera are
noticed in the area. Thoe live specimeus in 25 ml
samples aualysed vary from 5 to 48. Cf the 17 species,
Ammonie begearii constitutes the bulk of the fauna

in all the arces. Quingueloculina geminulum, Nonion
8joaul, Zlphidium erispum, Z. gratioulatum, E. advonum

and Cibieides lobstulus are the othor common and
widosproad specics that osocur in the intertidal r»cegion.

Tho foraminiferal populetion shows variations at the
three tide lovels, Of the threc sonos studiod, tho low
wator lovel supports the maxizum number of foraminifera
in all thc scosons. The study also sbowsftuat the
population is high during tue pre-monsosn scoson and the
total number is poor during the monsoon period. Of the
sovoral environmeutal factors salinity has the groatest
influonce on the distribution and sabdundence of foreminifers
in tho interstitial sand of the tidal area also.
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The correlation between sand grain sige and

the forasminifersl populastion of the intortidal arecs

is also discusscd. The large sised foreminifera above
1 man are found more at localities where the:.substrate
is with high proportion of medius sand and tho smaller
forms bolow 0.5 mm size arc abundant at staiions whero
higher percentage of fino to very fine sand constitute
the substrate. Modiunm siseod forms in the sise renge
of 0.5 ma to 1 mm oocur more in number at arcas where
the substrato shows a relatively high perccutage of

fine sand,

A sonsonal variation in the live and dead shell
ratios has beon notioced in the arca under study. In
gonoral tho numiver of dead sholls suows a docline from
the uppor level to the lower level. 0Of the 17 speocies
of live foraminifora eolleotod in the prosoent study,

10 are known interstitial forms in scndy beaeches of the
other parts of the world while the romaining ones
have boen previously rocorded only from the inshore

waters.
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