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Dr.C.'.Iur1an. Prot •••• ~ of "riDe BlolQ&l ... Oeean~ 

UD1yonl', of Coobia, &lIMi.r wboe. p1 .. 00 "111 •• ork bt 

oarn.. 0'" 8IUl wbo .ft'1oallJ' ••• , 'brouCb 'bo .mat 

8D4 _d. aeo .... , 00","'10_. I •• 1N,01\11 to 'bf 

Uniftralt, of Coob1n for pron4i". _ with ••••• arl 

'.0111'1 •• '0 oerr, out tbe work in ,be Departmen' 

Boiono... !\\J ,baIl_ aro alao 4 ... 8 '0 all", oolle. 

Dopartmon' of Mar1aa 801cnoe. tor the1r belp aDd 

in oarr,riac out tb1e work. 



I wl." to .xp,.... ., ' •• p •••• of ,"'1 tue ,. 

Dr.C.'.Xuzian, Prof ••• or of Mariae BlolQ&1 ... O .. aa .... ,., 

UD1,yen1t, of Coob1a, WIIi.r wboa. p1 .. 00 "Di. work bM _ 

oorri •• out aD4 wbo .r1'l.al~ w •• ' t~b tb ... auaer1pt 

8D4 _4. ne .... ar, corne'10_. I •• sretotLll to ,be 

UDiftrelt, ot Coobin tor prortUac _ wi'h ••••• arl 

'.0111'1 •• to o~, o~t tile work 1n ,be Depart_n' ot Mar· 

8010110... MJ ,baD_ ar. alao 4"'0 '0 all., oollequ •• i. 

DcpartlilOrl' .f Mar1_ Sclcnoo. tor their bolp aD4 oo-oper 

in oarrl1ua out 'b1a work. 
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14iJ~avWC~lva 

"ol"8~.1f.ra are ehea _ar1ng Protoaoa -10.1. 

to the Olaef~ S.re~dlDa (Rblaot'ocla) wtU.cb ba8 a wor1ci w1ele 

ti.tr1.'loa. ~bel aro .laost 011'1r0lf' .ariDe, 'bouab a 

fow 11YO ln brackieh or freab waier. E~oo,t in 8 tew ot 

'bo a1 i~loa' "908, tuoro la • sbell, •• neZ'Gllt le •• 'nan 

a tew 1Di.1Umo":nta 1n 81.0, 01 "bor o~ ... 111'1~w4 foreip 

.. terial, or of obitin or ooloarooua mater1al a.orated 01 

the animal i_cU. Tboaagb tbo sbell la extorual, tbo 

8111_1 lift8 uo,b laa1do and 011_140 'ua teat. MaJ ~r1 t, 
.f 'be t!>l"8i111ni.t(jral apoolee are OCtn'b10 RJkl a few are 

plault'~u1o • 

'ruo 11Y!. boDtb1e .peol.a of torall1a1~o_ IILlGlber 

.~out 4200 in oontrea1; t:> onJ..y tl...IOLlt ,0 plankt;)D1o forma. 

Tbo total llLlabor of 1:)8"'111 for8ll1n1tol'8 18 .a'1_'&o4 '0 

be oftr 13000 spOClt:?8 - (Iutorll8tl:J,.l DlotloDarI of 

Go.:tpb.Yelc., London, 1~t,,:t9). !be ooeaDttgropbl0 lutoroat 

of tnoeo arlue ani_le Uee 1n tbe ask8lutal atructures 

pr~c:1uood 'vI 1 ta IIIOlitiGl'8. ~bo 1r toe.. 00_00.17 aooWllllate 

1n largo llLlillbol'8 on tbe 800 tloor "bore tbo¥ ., oooa.l t",. 
JIOro 'liwu 9~ ot tbe b~tto •• oell_ut. !bel an bol1.Yocl 

,;) oo .... r tbe ;.;o'l"o. of " por oent of 'bo Paoltl0 Ooean, 

54 per oon' of tbe IW11au COOGn anel '" per OQU't of 'be 

Atluut10 Oceall - a '0'01 area of 126 II1ll1on .,ware 

ki1o .. tres (cYerdrup !~!A. 1961). 
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PJ.aDJRoDio to .. am oltol'8 oona'l. __ a croup .f tne 

tl"'lna .art .. pr.'.a ... 11Y111& ln ooe_ .. 'an tro. ,be 

eart... '0 AD ua4.'.~Q ,.,'b. Tbe, are 40-'oa'.4 lu 
'tho vop1oal la'l'~Qa. b, ,be .,ecia. ot GiI.lORP' IIDtl 

1 , •• ar "1.0'1"8 awl ,be cLep.8l \84 akel.'oua ot planktoD1o 

ton_n1tcl"a ara 8" .. -.lqw. 'oua and a bwaclan' ,ba, 'b., tOl'll 

an 00 •• - ,be alobl •• riM 0_o. !b1. 1. ,be .oat .1do

eproa4 -,.to of 0 .. 0 in tho A'lan'10 and In41an n ••• ne. 

'uao aballad. pro'osoaue are .,,.1"8.'1# orao d tbo 

olt .. , ku-,wn ,reMP of 801_1.8 aDd baft • lODe and OOD't11U0WI 

foa.l1 record. !be b1a'or1 of f00811 toraa1u1tcra Coae 

back '0 'be ooabrlan ,orio'. ~or palaeon'o~oal 

it.terpro'.lloDa of 'bG foaal1 'bo ."''' of fora.mfcra 

ln ,bet -.riu ••• OJ._n' 1. lmportan'_ 

It W. Du~U"O.lD (18'~) WhO f1n' 401lOD8'r.'04 ,be 

s.~loalcal pael '1011 fd toraa1u1tezoa In ,be Rb1aopoda. 

llefora b1. '1_ toralllD1toa ... 00 ... 140"4 ... ,. .. 11111" 

,roap of oapbalopod _lluo.. BYa.,nouab 'ben an a 

.... , maeHr of papen .r1 'au on 'b1. an." "01', 11"10 

1& Jalown .~, 'bell' PG'oplMa. fiO ,be 818 __ '10a ara 

onlt a_Od "POD 'be abell .'l'\1otura. 'l'. tee, _, .. 

1ID11ooular or _It.t.loc,,lar. ';;th.o all'11ooular "be aila,. 

.t "be .et ftr1e8, allloa't in 0"17 S.-aS.lUIi.:l. fora. 
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'bo, .0, DO 01088 0011e4. G1o~8to 0011.4, o .. lute, 

UAi.orla1. bt •• ria1, trl •• r181, C10oular, .plrul or 

lfteplar w1 'bo,",' 8nI 4.t1n1 '0 8Z'rtU.JCc_n\. '.rho aurt ••• 

ot tbe .be11 _, bo a.o'b or oraa_DMd. 

'orall1mtcra p..... tbeir own obaraoter1."io 

bo~ ebapo an4 tb1a 1. oo~l.t.d with 'bolr partloular 

11040 ot 11t.. A peouliar1 \, of tile boa, f01"ll la 

toraa1ulto1"a, wbather bonthio or plaaktonl0, 1. tue 

u1l4.DOI' to form a .ore or 1.8E, pronoun •• , • tber1oa1 

twia'. A broa4 dla'lnetl~n .. , be 4ra.n b.tweon .,.el •• 

• hiob aDye tnelt ln 'bell" ennroa.nt and tboa. wbleh an 

tixe6 anel 8 ... 110 in QatJl t. Planktonio 8pee1 •• teD4 to 

be oyo10 aud 01'Gop1D& tor. are 80ft or l08S flatwuo4 

a.w1 .pread up~n tb6& .",betratua. Se401'1tarl tor. ton4 to 

00 .. a1tors, otwn w1'b • p011l' ot .''heh_nt trawn out 

lnto a po4unolo. 

llUr1na tb,.. pMt SO ,oare e.Y.1'81 aoolo.lata ban 

proridod YGluab10 data on tbe 11fe o,c10 of '0_ epecl •• 

ot torold.~.1t(:ra (Le Ou1Yoa, 19,8, '''l'ortJ, 19431 Aruo1cl. 

19", Jopp., 19561·raQlJhaw. 1957, DucbaDan 11 .!!) 1960 

and Ho.l." 1964). Tbe 4uratl~n of Ufo of tornld.n1tere 

ba8 boon cet1mato4 to be Y&rl1ug fro. three ••• k8 t. 

_0 ,80ft. 
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Pro. an ooologloal poln' of Tle. fo~-'D1fe~. 

op./,l881' to oone"l ""0 a 4,.11.10 populo'iOA .blob are 

CQr18ta,~tl, adapUJlC tbc_.1Ycu~ to .-riDe ODnrODmeDte. 

'l'rane1 t1~~18 I)f plGll"'~u1o for. betweon .al'll and. 0014 

wators are .tfooto(i bl intoraix1nc of wator _ee. 11l 

differont 1~col1tle8. Tbo 1mpl1ootlone of ourrent .,., ... 

are of Go_iderobl. ihteNet 1n tbie. Sequenoes of 

plankt~D1 •• peel.. In A.op _0 00re8 bayC been ._4 to 

lndicate po • .,iblo .. r1ne oon41tlona 4urine tbo glactal 

awl lntorglac1al "111e8. Tbe .. o tor. also boft bees 

aeA •• lndloator. of -..rine water _.e., botb 111 

lI04iorn 000808 an4 11l anolen' •••• !bo .'''''1' of 

tranapona'lou of .e41lM1uta 81 .... ohlQ rolatl. to 

,be •• '01' 1I:)"lICut8 oy.r ,be bot ••• 

III an GCCOIlut of 'uo .ouorel problcu. ln "000." 

oool~ and b101osr Aa (1956) poln'.4 out ,ba, 'be firet 

step ln 'tbe lnYoe'1&""I01lot a bioc"n.e 1. tbe 

.¥.te.'10 oOllprebcuelan of 1'. ba.le elo_o"-. n. alao 

bi&blighte4 tbe .... e.l " of tbe oxa01 o;;.,rebeaa1 Ye 

mowloqe ot 'be lD41 Y14ual • pGcloa for all ~ber 10"18 

ln 'b. 11.Ye8tlg."loD ot a })1:>to,. &D4 1ta bloeoeooae. 

Poraa1D1t('r8 ona". ,reat proble_ '0 .eDOral ••• 1 .. 1e_ 

111 'their 1(1olltltl0.'lon. Dart. ("21) bu e".wcl that 
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OAG ot 'be blu •• ' '-a .:)ntrontln& a~ 3_ eacaao4 
In ecolOgical .urnt¥ wOl"k 111 ,ba, of •• "1ns all ,be 

aD1mala 14entlfled. Aa 'bero 1. ocarol", ot latora'1~n 

on 'be bl~08ic.. ,be olaaelt1oa'10D of to~-'D1tera 1. 

pn_rill buo' on 'bc;. te., _rpbol0U'. 

'01' .. re ,ban a bun4red aad t1tt, ,oara aoolog1ate 

and ,.1 .. 0I1to10&1.'. bo.... .hare' the .'u, of tora_Ditera. 

Wl'h tbe rapid eXi/ena1:.n :it 'be 011 lD4ua'r7 palaeontolo.i.'. 

'oJk tbe tle14 ot a'ra'l,rapb.1oal .w.q. tbo .'u4¥ of ,be 
'GXomuv ana ~1Qa'rG'1&l'GPb.Y baYe broa4oned ,be 1ntel'V8' 

of 'be ,ala.o •. ,010&1.' tj luclu4e 00018" •• a .... of 

l.at.rp"'1. pa1ti.gi~to1oU. Tb" toa.l1 tora_D1fch 1014 

40wu i~ 'be •• poa1t. iu 'be pas' bgy~ ot'eG beoo .. ooa.o

Un'." 111'0 .ot, U •• '0 .. knOlfD ea obalk. 'l'be yer¥ 

larao fo •• l1 foraaln1tera 'I",11'e. bee boon found la 'be 

oul1 hrt1ar1 peri04 tor • .t.D& U •• 'ODe boA_ 1n Eur~pet 

Aata and XOnbol'll Atr1oa. 

J'onm1n1tel'a an Wideq 41a'r1bu".4 11l _rlne 

neD 'brouabo,,' 'be •• 01o&lcal colallm anet prouabll DO 

otuer ,roup of or,ani ••• a bad sucb • 10,. oon'i_o .. 

bl.,ol7 proa.n...,4. !be80 .'loll.cl pro'os .. an Wi4eq 

\&8e4 '01 goolog:Lat. a. 1ndlca"ors of ,001oa10 8,... 1'0 

reooua'1"",. 'bo &0010,10411 .'''41 ot 'be eartb l' i. 

nquire4 ~o baYe lntora'lOl1 rcaarolna ,be _t", of 

•• cll wen' •• 1 on. .ecol"d1ag '0 Bobo'" (19'~) tbe ayor ... 
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'b10kn0.. of 'bo _ft_ .. 41_n' 1. , JaI a. tbe 1'8'. 
ot •• 41men'.'lon 01 glob1a_rlD& 00 •• 18 .. '1 .. '-4 .. 

1 _ per 'bouaan4 ,0 are • 

PorallllD1~era raDka ~ln' 1n tb. oouat1.onu of 

_r1no •• U_nu. Tbe •• loare_ .bell. are .abJeo'o' 

t~ _oban1oal 41a1l.1"ocrat1oll aua obelll. •• l ' ...... forM'10n. 

In app1104 ,oologf .~.b 88 ozplor.a'iOD tor petroleua tbe 

.''''41 ~f rar1no .eciimenw " la1abll cloa1rablo. ..4 .. ua"o 

ltnowlcuS.. ot tbe 00041 '1;)U of 'he for_t10n. rd oenaia 

.,_U1Ruta wRlo bo belptul 1n "00 e~plo"'loll of 01.1. 

Tbo 'oooapoe1t101l of bv10cl .. &&010 _''-r ulna .,.011 

'alto. plaoe 01 obo.o.l oot1011 ... 011 ea bJ DIIa'.ria. 

Tbe .oro or .. 1118.. t •• our ,be •• n.ra'la of patrol.". 

b" re4uolna ,be oraanto _'.r tu ,be .041_l1h .. 4 

4.ooapoelDf; 1" '0 form potroleua. Aa petr;.)lawa 1. for_4 

of _rl_ ."1 .. ,,~ l' 1. lapor-..u, '0 4eteftllno \a&G 

o oueli '1 one uder .Mob ,,\,,-4'1.1 o11-bear11l& •• "1_nu 

are la1cl down tor proepoet!. tbe 1n4 .. 'r,. In ro •• n\ 

,oar. foralllra1tora baft beOI1 _oil • .,10, •• lD ,be 011 

1114 .. 'rl lh oorrelaUng rook .'rata. 

Tbe 8''''' of t28aln1tora in ,_ .041_u' 88.,1 .. 

_.an with 'be work fft d.'Orb1aa.r (1826) ~bou.cb ou

proecD" kD~l.c1&e of 'bi. gro1lp iD tbe wor14 ...... 1. 

ba •• d pri_r1q OIl tbe 00118c ~1ona _et. '1 H.~.L. Cba1lenac 

,taG 1108' 00.,1"000.1" rGcorci ot t~rLimli.1ton.cle lL~ tbo 
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"1'14 GO.aoa 1. "bat of ura', (1884) fn_ 'bo ••• pl_ 

taken cba11l1 "ho Obell.aaer Iapo41 'loa. tilnoo thoD a 

DWlbar at ,apore ' •• 11_ wl tb tbl. bigbl¥ ftri8Dlo &r .. p 

baYO Men pa, 1.l.abcd. Par'1.1.l1ar _ntlol1 ooa14 be _A. 

ot tbe works of Cart. I' (1880), ~r81 (18&9), Cba,maa (189'). 

Pb11lpiJ1 (1910). Sobo't (19"). Phi ... r (1"91'951. '95i:). 

PuT (1"0), W.lt~Jl(19'5), lar ... r aD4 Atbearn ('"9), 

Boltoftk3¥ (i96,. 1970), naa4t (1964) and Bn4abaw (1968) 

wbo ban _4. oouV1b1atl~tl8 't) our lCDJ.l .... on t_ 

., .... t108, 41atrlbQtiOA ancl fl01d 80010., of tOftll1uitora. 

The oarll •• ' wark on tbe fora~f.rl" 10 tbe 

ID41an Ocean 18 tua' of Moeb1ua (18eO) tro. ,bet Ialat" of 

Maurl '1u. Ta. pr.acD' mo.IoAa. ot for.-lu1tera 1u 'be 

IllCllau trOt.re 18 lar,oll OMocl on tbQ 00110.'1008 _40 

01 a tow oooanoarapbl0 axpe41tloQ8 wbicu ,.. ••• 'brouab 

'be 144100 .awn III ~ eoune of tbelr "I.. rouD4 

'bo .~r14. Bpu.lal "U~lOD .., bo .. ,. ot 'bo work of 

Bra" (1884) .no .a.e an _0.1100' aooaut .t ,be 

toJ:all1.D1tora trr)JII tbo tiredPllC. _4e 'I 8.¥.6. Oballeac-r 

10 tbe .~a'hOl'n IncU.an Ooean. !hie... toll.... bl • 

11.t of tora.iultora ob_aiaed t.ro. tbe ~ of Bens_l 

pubUall04 Dl Maarr&l (1S&9). Lour Obls.,.aD (189') 

.'~41ed tbe 1b1'~aiD1t8r.l oo11 ••• 1olla obtain •• -3 'b. 

Ro,al IJac11an MerllUJ 8urYe, tblp "II1T •• 'lg.tor- ~ro. tuG 
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Arabian Se., Dear LaooaUyO 111804 •• Dak1u ('906) r.Gorio. 

,,, ape01 .. fro. 'be Gol1ectloua '."n by 'lnt _ Bert_n 

a' Oe,loo. Hotkor (1921, ",0) puol1ab.' • aODosrapb of 

forall1u1fcra 0011 •• \04 fn_ ,be ."~_ f; .. oncl ... 

f~llo1r.4 bl 8',,001q8 (19'9) wbo "0::>1'4&4 .bOII' '00 ,,.01 •• 

aM YU1.'10. from tbe .a. anta_ La,." ClM_.t_ (1943) 

report.' 47 .,..1oe of tozud.U1fora froa 'bo 0,,11 ot 

MaDDU'. otber illporUn' WOI". QIl t::.rald.u1f.ra fro. tbe 

_r,loal arine onY1ro .... 4W ot ~e EM' Cou" ot Iatia 

are 'bo •• of Hao (19,9, 1940), DaD1el (1949), 0bau4b8l"1 

ao4 B1a ... b (1954), Dba'10 (1H1). G_,o'l -.cl So'"a.'tb1 

(1'5e), IaMpa'1 an4 8aroJl.n1 ('95'), CbatterJ'. aud. 

GururaJa(1968), Rao (1)6'. '911), YeGanta. aD4 .ao 

(1970), R __ 'bau (1910, 1975). 1.1147 D Ill'971 ), 

Rao and Rao (1972) and. Rao (197;.). 

ID "oon\ ,oan. 'bo 1ncreue1na .t"'uti_ pa14 _, 

'ha 011 and 1Ia'''1"I\1 Gee Oo~1ee:i.ou ot India, tor UD410g 

out o11an<1 , .. .l\U .ocent_too ,be .0' for 40_1184 
• 

lI1.ro~)alaeou'olOC10.1 lu".'1Iot10na. Tbe ''''''7 of "he 
a1.rap.la.on~~loi1oo1 •• poO'8 of torom1n1tora bee 

boon au.4er-'£.u 0i _Ill _'bore .1 ~b u y1.. '0 .... ".1n 

~l. preOlao ... of 'be ",oa1. 8D4 '0 .... ia"cr-ce&1~aal 
oQrrolA.1ona. (toe' Ru'all, 1~2~f 19~71 l)ayia/'927, 
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aao, 1940, JaCOb -04 SuV1, 1152, h8ar, "'1, 
Bballa and D.y, 1~14J !rualla aD4 Abb .. , 197'. Bbal la , 

191'-{ aoci rihalla ancl 1'all b, 1 ~78 ) • 

fW' v11"". of 'be "or14 no. 41.tr1 bU'i GU. 

'-1'1081 alM&n4anoo an4 Ctiyol'81'1 01 blabl'-' •• f.rald.D1fera 

prontle • 4oun41D1 probl •• to .."oac lu,.ne,_' ID 

•• 010&1. Du' all 'the arl¥ wor" on toroau11ton ' •• 1 

.itb onll a,.to-.'1 .. an4 41.'riuu'1:m. It aboaald be 

,oin'.' ou' ,ba, 'be ,.., "' •••• &4 •• bay. proy.' '0 '-
• reh;tl"lI .nuobl1Q& perl;)4 111 '\bo eooloa104;il ."-' 

of forold.nltora. llaa' 'boe. wora are -11 tro. a t. 

re.'rlo'\o4 .0010,loal areaf) ar;)LlI4Cl tbe .or14. 

Du1.DC ,be ,.., 25 10ara .. ob .".D'lon .... MCD 

palf. to ,be .'''' 01 'bo •• olqloal .. peo. of tbo •• 

wd. •• lll.llar oraanla. tr:Jm 41tt.ren" parte 01 ,be wOl'14 

("&l'on, 195', :Aa..,., '"6, Pbl':;&\lr. 19'6, f!lI1t~., '957, 

nre .. b .. , 1957, .,bola 19'1. Uobl0, 19601 Loe~l~.b and 

-rappan 19b4, taarl'8l'. 1967 &D4 1:"' ... , 1968). TbCMICb. 

;Jur Imowltut •• OD ... ,., •• u. .. an4 41a'l'1butloh of 

'be t 'Jl'oGd.Jd.tora in IDdlun wlI&'ora la . a.MW.t •• 'lat .. , or't 

.'"cU •• l'.la'4 to tbo 00010" ot tb,l. aro"p are .t111 ln 

iia 1nt.DOI_ Itow(;nl' .~_ work b .. M.;~ 40_ on ,la. 
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00010al0.1 •• ,. •• of torald.a1fe8 lro. "be ... , 

0_' of I1&41. (OtIDap.'l .84 8&1'o.11Jd.. 1959, V.Unas 

awl Rao, 1970 au4 aa .... 'ban, 1970). 

fa- eull •• ' worD on 'be foraa1DJ.tora ~ 'be 

bnlaCb .. , an tbN. 01 Kurlan(1"'t ,,,,) wbo ".~"" 

Cl tew _a,.el .. tro. tbe .eftatal •• '.n ot ' ...... on 

ant et S.'bIllaDba1 ,_ (1958) no .... rt ..... 114 .,col •• 

GIlcl wrlotl0. tro. a tew •• Uo_ ott !I'1"f'&1l4ft1a. La'.r 
AIl":)l\1 (1 9c8) .,,,41.4 la '.Wl 'be "'ODo., .D4 d1."r1-

bu'1on of 164 .pcel •• aDel .art.'l •• ot 1';;> .... a1tora troa 

tha .:>ntlnental abelt of Xoala. B •••• ' worD 00 'be 

t:)rall1u1tora ot tbe 1terela O:t_, are tb_., of AD'O., (1968), 

Rao (1910), Pflaa.aao (1910l,sOibo14 (1971),ao4 lobel (1971). 

All ,be above .n'lone4 works _lDl¥ 4.al wi'll 'bo 

'a:ODO., anA c11.'rl but1 on ot torud.111tera la 'bo .:>ntlDOn'.l 

abolt ~t 'i10 Soutb w •• , 0_' of ID41a. Ba, Ill'bono DO 

." •• p' b.e beOD "'0 to .'\l67 ,be 0001oa1 •• 1 .. ,.eta of 

'beee lI1er:>-org8D1a. fro. ,... \f •• t Co .. , of IDdl •• 

fbe pr •• cm.' .'adI" 1. ai_cl at lotU~ a ooaprobene1 •• 

JmuwlG4.&o of '00 ba01"" an4 zel.'1ullab1p to ennr;,a.nul 

'''.01'1; of 'uC) foroaJ.n1feea in tbe n>utt1 W .. , a.at of lad 1 •• 

,be work ooapr1ao8 .tU1 •• on tbe torall1D1tezoe .t tha 
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, .... 4 •• '-17 - a -.101' .. ~uarl 111 tbe So.a'b ••• , 

0 .... ot 10418 alW 'bO ta'eza'l'lal toraaiD1tcra ot 

.be _aDd, beaoil •• ot t,bo 8ou:th 'He.t, 00.' ot In41a. fbe •• 

lu"_'1aat,loDII .ere 1.li44enaken with G nt. .. '0 uuclonhD4 

"be OOOUl'nuoo, o:)lIpoalt,ion, 41.'r1bu'1:>D ana l1Yo-4ea4 

ra.108 of torall1ult.re lu 'bo OD'>" aroaa. All .,to.p' 
hD. 8lao beoll _ete ~o o~l'nla'G 'bo abo," aapo.". wl'b 

'be onY1ron_n'al factore .aaeb 88 •• d1_n' obartJowr1.t,1oa 

aUCi bJ4ro&rapb1oal para.\ore l1ke 'oapora'ul'8, •• 11nt", 

41 •• 01"4 OXIP;i, pH aud ma'rlont •• 
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•• t.BAL AOOOU.' O' JVRAMl~l.~ 

Moat ot 'be wora OD torall1ultcra 4eal ft'''l oal, 

.,.'o .. ~10. aDd ,eoar-pbi.al and .eo10al.al 41_'r1~'loD 

QUo. "r7 U~'1e 1. known about tbe bloooll1o. ot ,bt. 
poup. Aa onll oyer, 11"le 1. m::>WD ab:»u' tbo11nDC 

oon ... ut ot 'hac aoelhllar an1.la, 1108' ot 'be work 

on ,ul •• roup 1_ ba.eel on ,bet teat. 'rbo a .. l.ul 

ole.ut. are utaalq non-UYl.1l& _e.re~lotl. of tree 

protoplulI. 'lbo _boll _, be o~.poe.4 of elcmouta 

scoreto4 b¥ ~bo oqaale. or of forelg11 part1clos _un 

"P Dl tbe animal tro. 1 t. kl\lrl"OUncUua:a. Tbo .uloton 

_, be ohi Unoua, alUoeoua or •• loaro ...... 

A 'bin t'1ezlblQ troDllparen' '.a'. wltb • 'biD 

oW.~lDOU lD1lol" 181'or, repre •• nu 'be 808' prli11 '1n '7pG 

of 'be ,roup. Tb •• ~aoQC. or .oaro1t1 of ..... 1'1 et 

oaloareoua __ 1"1e1 na"l_ 111 'be 4oftlo,.n' of 

purell obl'11l0U '.at. 11',le 18 Juu.n abo,,' tbe 

ohc'lI1oo.1 co.poaitiz of 'hoeo .lc~ntf·. In braokieh 

__ 'Mr, tbe abeenoe or e.arol', ot coloareou •• 'erl&1 

roaul. ln 'be 4.ftlo,sD' of ohltluoue , •• , wb10b 

otilorwia. lI1ab.' WlYO be\'D calo ... oua. In SQ_ tor. 



13 

tON1. _".rioala are pr ••• n, OD tbo outer par". Specl •• 

w1tb pure~ obit1noue , •• t tora oall • -'uo~ portlon 

of tbe total tQI"OIIOD1teral epeel0 •• 

fllttepM' tl.' 
al11080ua 'ee'- an 4eft10pe4 oDl.r lD a fe. tor. 

awl toWlCl .1 tMr 1. braclUab wa'tor or et •• , •• a, ...... 111 

ln tbo tcllpCl'A __ ""01"8. SlU •• oua ft»zo. -lall' bel_ 

to 'be ~110. &11101D1ooe ao4 1111311 .... 

2fl0."!? St·'t 

fbo .a~ .... oua toate .eyo1op <11reot1# Inll tbo 

pr1a1t1 •• eultlo0U8 t,~... OQloaro~ ... ta ln 7~ung 

apeel__ 1. ___ paren' cw4 til.aae,. Tb·,· wall ot 'tbe 

abe 11 t:;ote tbiOD" -J' tbo aGYfWO.. a;rowtb ot 'tbo 

or&a'~1aG&. fbo oalooreoua clopoe1' of tbe toruainltoral 

tOil' 18 fout.4 .. ~e .,8' .bt.l;~40nt eln.;lo Go,Q81t 

in ~!C. oooau baalna. Caloareoua toate are ot two "P08, 
portoroto and 1.pert~rate and 'bG tor.er 18 .ore 

prill1t1Yo. Tbo 0810,,"0" e._ut ot tb. litpertoroto 
I 

p"OtIp la 41a'1notll 41fte:rcnt tr:). ,bat Gt tbo.o tor. • 

• b1~h4oY.lop perf~ra'o 'ool08roOue t.a". In ~rack1.b 

wa'or tho oa1oaro;;MIII toras MOO. 10.. oa10anoue .. 
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In 80_ ,rill1'lft .roup •• f toralllaltere 'ho 

'oat oonele.. of tonii.'.D part 10 1.. ..mente4 toge'ber 

OftI' a ob! '1 DO... 1Daer la,.r. ,_ to:ro1p pan10l •• 

001)81.' of aan4 ,reiaa, apoogo .plou.i.f), oaloeroo .. 

gra1ne, aloa ancl , •• ,. 01 0'b8r tora.1'l1fore. *06 

aj. i oe1oa are, TOI7 aclootiTo ln obo:')e1ng __ riGl. tor 'be 

oODaUuotlon of tbo .a... Tbe purpo •• -:;,f form1na tbo 

A&llu\inatc4 '.a' 1. to baTO a rlg14 proteo'lng woll, 

o~ftrlDt; tilo 80f'er pro'~plaaa1c boO,. 

'·.utb! 0 'VAN El1 ,.,. 

Moat toraJlLdt.n .are bot,o. liYiIli fOr8a, orew11Dd 

alowq OD 'ho aurfuo ot tbe alCl or 8eto4 of tu ooe"'l bot'. 

fbe, are dl.tr1bute4 ttlrougbo,,' t_ 0.0"". 'lbo ra .. of 

aOT8.0' 111 forall1D1fol'Cl 18 TOrt Blow, ,., tor 'ilelr 

.mall 81 •• ,be, oonr ooneicl.raill. 41.'auoe. fbo .,.04 

Tar1ee lD 41ftero: .. ' epooio. allU 1" ra.uc •• Iro. " _ to 

1 oa per hou.r (Cwdulan, 1948). so_ .,eol •• balonclng 

to 'he f8all108 Rota1114Bo ani ~111~114a. are touo4 

ottaobiUC 'bo_ol ..... ,~ other obJeoM liu b.Ydrolcl 

nU. .. NU 'lpCte of bHJ for. an touncl ln 

boAtblc· apoole.. 'lbou"b tbel ore f.:;lngle oellod an1~a18, 
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.at of'on 'be t •• ". are bullt of aD.I oha.ben. In 

IUltl100ular to,... DO. obaaben are a44.d 1n obaractorl.'le 

•• rlee and wlthin roaeonobl0 l1m1t.. ., ... re.\llt 1 •• 

w14. nrlo'l of patterne. 

~nth1o ton_oitera oone'1 'ute .ora "ban gg,& ot 

tbe total .peol •• of tbe foroa1L;.1fer1u. "U, are .. n.rall1 

lnclu4e4 lD ,be 81&8 dlYl.l~D "lI102'o_n'o08w w1tb 41."0., 
baoteri •• 'e. whiob an uu.alq .operat •• 1»1 bactor101og1oal 

toobD1,Qo •• 

Mare (19.1) 0011184 th\: torm w:J ... lobentb~W be".ODD 

atero'bontboe ancl .orolHtn'boa. Tbe ruoat nut, aooopt.4 

e1.0 lla1w of _13Hl1tboe, wlUeh are d.teJold.llod b, tbe 

... b 81ao of tbe •• l.a. use4 ln their •• paration 'oobDiqu. •• 

are 0.' - 1 _ .. tbe upper lim1t (Mo Ia,¥ro, 1969). 

fiowoftr "111 •• 1 •• grC)uplD& laM D~ .... trioted blo10.t:;,1oal 

bou.:clorl... 'Iba 81a. Umlt of tbtl toraa1n1fera in tbe 

pre.ent .:Jllootl~ :raaco. 11"0. 0.2 to 1.7 _. Conaldor1Df 

the ti1 •• Yar1a'1~De, l' 18 cl_lraolo tba' _~or1t, ot 

tbie proto.oan gro.p aa, be lDcl.4e4 1. tbe outosor1 

".l:>bttn'boa". AOOONi. to Parker (1959) alao 

tor •• iD1tore oan bo O)D8i4or04 under 'bo bDadlQg 

-.1otaWl8". 
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!be plau.k'o&U\l t'Graa1n1lcI'Q cowd .• 's 01 on~ a 

e.ll trao'lon of a.Jout ,,, of tile 'otal epeol... 7118, 

UYe 11011' abun4aa'1I 1n 'be .pper 200 _'re8 ot •• 'or 

ln tropia.l &Dd subtroploal rogl~D8 and 'holr DU.bar 

'00re,,08 ln tbe polar rei.:1:Ju. !b1. gro"p 18 doll1no w4 

Plau'oll1o apeol •• llYe In 41ftanu", onylroneeu'. t luoe 

'bel re pro. CA' dlfferen" bab1Ute. OJD814orable sbell 

\b1okeD1UC In plaAk'~n1o spec!us ba8 been obeal"ftcl •• 

,be eurta.o fora &clap' 'bo •• l ..... '0 400per babltata. 

Pelac!o tora.nifere drlft .1 'b ,be otlften'e an4 

'heir ,nfel'n4 babl'.' ee,;;:. to be ,be opon :M»el1n, 

altb~b "b., probaoll 11 ... 0 t~ eo_ oxton' oyer tbe ta:)re 

.bellow par's ot 'bo oon'10&')I1,,,1 ebelt ozooa (Z01&10I', 1964) 

!'be 40.4 ebelle tall '0 ,be ));"'0. and acoumula'e 1D 'bo 

00840 floor t'ormlug ,be foramtD1teren oa.. ~r 01ob1gerloa 

0;)... I' le _40 up cu10tll ot oolcan:)_ sbells of 

plau'ton1o tOl'llaiD1t'ora. Tbe globl"er1_ 00" 18 'be 

1108' w1to"pnad '1''' of ooae 1n 'bo .'lantl0 and Ind1an 

Ooeau and l' .OYer8 mat of 'bo f10'Or ot 'be ~.olfl0 

':toean.. In &GoGral 1" 18 Cl Cle poe 1 " ot b~'b tbo ware owl 
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'eaperate aaea. It le at '.p'tba "'1&1na froa '500 "0 

2000 ,.tbo. '00' 'bo glob1serlna OHO lIOa' abuu4an"17 

ano Iba' obarao'cr1aUoalll 4()nl~pe. Aa _~ aa 

50000 tOI'8Id.n1toral abella ., oOO\lr in 1 la of 'br' 

bo"~. ao.ple, 'be -3 ·:;·1'1 tl belonaiac '0 \be ,0110" 

alob1er1D1l. GlobQro'kU6 ond Orbul1na. A' Yt.,,:ri gre:.:;' 

do,'''.tbo ,lobis.r1_ 00 •• ,iYes ri"e '0 tbe aed 01.,.. 

'tazoao., 

Tbo iaaoDo., ot toraainltora 1. 1u a .ta~ of 

ex"zoolK'l ooDfaloD (lloal&lu4, 1947.lJerIJl.140e. 1952, 

£!a'Je., 1958 &Ad. If.tlel and At .... _. 1974). 0wlD& io 'be 

bicb13 oyerlap~1.ug IIOrpbalo&loal ourao'ore awl pllt-lo1esi 

rao •• la ~1oUII pan8 of 'ho world, 'bo 40MrlliD8'1~D 

of rcloYfln' t:)r • • Ot:.~_ .01le'1_ cllftlo ... 1'. MaD7 of 

,be u'ornal obaroo'on o;Jnalaorecl to 1)0 of \ax:)noa1o 

'f'Olu, u~4.qJ arDd ocongea bl 'bo Qopoe1 'lon ot 

oel.8nou8 _tenal 4ulna arowib. So ono 'be IIlma'. 

obarac'en ban '0 be oxamue" In ciotol1 tor 1doA'lt,1. 

'tbo _'er1al. 

Ropr:»d"oi1CNl 

M=-' torull1nlteft repred"oe once a I.f .. r 111 00:»1 

ennro., _ ,~,. ao4 IIOre 'requen'lJ 1D warwer enY1rou_u'. 

(\1urr8¥ 197'). !bua ~be birth raie ... 1e. ,,1 tb 
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.nnroo.anel e:)lullt1:l". !be le.tb ~t lit •• , 

torall1n1t<'ra .or10e troll tbroo ••• a (Spir11l1e 

Y1Yipa:- M,.re)· to _0 Icore (Elpb141U .r1'RMm 

Li ... ). 

~b8 .04. of ropr~~uc'1UA 1n fora.tu1tora 1. 

'Y8!"lablo _~II& cl1fferout &r~"p8, 81'0Ol.1&D 1 ~ 1. 

prl.n.q a 0.11 41Y1.11111. Both 80xual end .. ox"a1 

repr<J6~ct10_ aJ'C:) abeenecl. In Ir.ln:)"',ala_ua tOl'. 

tbe npruduotlon 1. b~ b1aarl or DU1 tiplc tl •• 1;)u. 

In ,be Eoxllal tor_, ,be protopl ... dly14e8 into II10UM 

...... , oucb proT' ••• w1,b one or '-0 t~.11a. !be 

faaelllllac are a_to. and _, farm abell wbile .'111 

witbin ,bet .ball of 'tile parent or at'er beo~a1q tree. 

ID ti.,rpble toraa1nlfoN liQ ~lpbldlwn altoruaUa 

of genaratl:m oeoun-the .oro.pberio lora .l'enaate • 

• 1 th tile m1eroapberlc tora. 

Clrgw,g nM 

Ver.r l1ttle 18 kn~ about ,be a~b rat. of 

lwllYi4ual obAabon :.r tb. lOD&th of ,be t1me bc.OOD 

-.arioua .'Wc.' of tbe lit. 0101e. Lee.!1!l (1961) 

ho'Ye .Uilt; ..... tbat 1" 1. 41ft1e"lt to __ • 01.:;_ 

14e. 011 ,be ori tloal I.oton 11.~;1 t. ~ fonuld.n11eral 

Il"OW'o on tbo boat. of r101a .'ud¥ 810_. 
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'094 
& 

1'bo DOrMl 1004 .f toroalD1tera oone!.". 01 a 

81x •• 41.' of 41.'~ and pbJ'otloa.lla.... In 4Gope 

'ho.)' I.oel Oil Mot.ne an4 ""'1'1-.. 
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.ruuAIlUU.UA vi thE 'Bii~.w ETU"!>! 

'ora.tn1tera are .oDoru1~ .. rine and w1401l 

41.tr1~'eG 10 tbo aoua. A1'boUCb QO.' af 'bem ooeur 

lD tbe a.as of nor .. l aaUDi', a fe" Un la bnok1ab 

Wt-tor ar Oftu 1n treab water. ~Or&uI1111fcl'8 1Dbao1 t1aa 

tbe braoJd.ab water e .. ,Ylrtu.meu' bat· boOll an in'oro.'lDC 

.Ui,;J.ot of -"'47 ln dlfferent pan_ of 'be wor14 .ur1na 

the p.at 20 ,oare. s"c,~ 6'Ll41 •• Ua'Y8 DetJA .. rr1.' out 

oh1efl.J la,)' tiraclabaw {'"7), UaD&'lJ (1964 >. WunaJ' (19681.;, 

197') •• ionole and 8l11.on (1967) 8u4 '.plo, (1969). 

'rho fo»rull14&1fcJlO fro. tho •• ""arles of Illcllaa 

oouw ~.,.. ."raoM4 o;,.JaparatlYelJ 1 •••• ,wut1 ~1l1. A 

p1onc~r .'u4, on 'bo fora.tu1fera 1n braoki.b •• tor 1n 

lnaia 18 tbat at Ra_u'tban (1969. 1970) wbo ha. "pone. 
,be aoc~nco of 20 epeoiea ln the Yoller •• ""er1 in 

'0-'1 'a4u. Rao an~ Rao (1916) DBY. oontribu'ed to tbe 

a'"., of torall1u1tere in 'bo Kak1aacta baokwo tere OD tbe 

i-:aa" C ooa' ot 11141&. An' QIlI (1915-) bo.ta .11 yon 0 

prellll1Dart report on 'be torOm1nitera gt ,be '.mOoned 

•• ,,,er't aD 'ue \'oe' Coat', Tbe pro.en' 1ovo.t1 •• tlou 

... "L~.naK.&l w1'b a view to .tuAs lA d.e'all 'be 
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toro.nit.re ot .. " •• bauacl e.'LIU"I (a .,p10al "r:lpl0al 

.a'uarl on ,be SOlltb ... t Oooa' 01 11l41a) lnrolot1:m '0 

'be onTironmental para. 'ore _ 

!be ' •• bena4 lake ('la- I) ,be larS •• ' on 'be 

fou'b . oet 00 •• ' of I841a 1. leea'.ci bet .. en latltu.4 .. 

9- 28' AUC 10· 10' R aa4 lOQlltll." 160 13' ADd 1'° ,"B. 

!be leQg\b of '00 lake la 6~OU' 1" k~ and ooYcra an area 

ot a.O\lt 235 'q. u. !b1. tor. part of • cboin o~ 

braokish w.'or lago~D8 ano e.'uarie~ wuloh .'retoh 

parull.1 ,~ tbe 03tia' 11110 of hrala, .xWn41ng 0 •• 1' 

'i5 km ln 10Dgtb. !be wld.'b ot tb. lau .ar1ea be"' ••• 

500 • '0 12 km. 'U '.mbaDM oet"8I'1 1a an open 'IPC 

8114 l' bee per.aaou. oODMotlon wl tb "., Arabian eca bl 

a DDrrow ob_l, abollt 500 • wlele, wblob tor. 'be laiD 

en'ranoe in'o Ooobin aaa.bour. 

!be ' •• bGnacl lake 1. Q .hollow ~nOI 'be depth 

variQ14 fr:>a 8-10 • lu 'b. lower roaoh •• oloae to 'be 

8C1a. !be tapper rouob.a of "be elii'Warl' wbloh ore 010 •• ",0 

tbo frcaab •• 'or zone 81"0 relat1ftq abo11ovrer. ,,1 tb 

40ptbe rOi~1na fro. 2 - 'a. Tbo b~ttoll o~ th~8rl' 

1~ "" c no 1'0113 IIlWidt • 

Six ri.ere - Peri,u. P_ba, AobaDoo11, :\-iOu1.mala, 

~o_ob11 uwl MO;)Y8ttupuaba ~low inio tbo lake. It a1.0 



fiB. 1 ap of 'ba '."804 •• '"arl aho.1ag 1oo."1ooa 
of "be ato"loaa lnTe.'1,.'.4. 
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reoci ••• ,80 .. oanala ana 'rlo.".rl •• 4ur1ac 'be 

a!)DeOOIl IIOIl'ba. Ttao 1~1.. of fr •• b "awr In'o 'be 

'rbe anraao '14al ruaae ot 'be lake 1. aaMM.l\ 1 • ln 'be 

lowur pan of 'be .. 'uar1 aucl l' 411a1rd..llea pr.,n •• lnl¥ 

! 
••• lnto 'be lake OD ODe Ban4 an4 ,be 418cbarS. of fre.b 

wa'ox fro. lbo rlyora aa4 'be1r trioutar1ee on Sno othor, 

111% •• 1' au4 treau .BUr anel _ke 'he 1 .... 'Ipical 

•• '"er,. 
!be Ooobin p' 18 a4e'!LUJ,.eDO\l&h ,~ tr(&uall1' 'be 

'14a1 enel'U' 804 •• " .01'. i.'o toe lake. 'l'bc: run-ot! 

p1u. prooipi'ation e.ooo" ",,0 .. "100 and 80 l' 1. a 

pO.ttiYG tlJO of •• tuarl_ Ae l' 1 •• ubJoo" •• to long 

'orm altcratloua lu .011n1'1 aud otbor pera.'era Htult1 

ln •• aa:,mB1 Yuna'loDII, 'be oonclit1oatl of 'bo lake 

beoo_ "ulq". trw blo1og1 •• 1 aud ...,4ro,ropb1oal lnYGa'lga 

fM 'SW a.rH 
A prel1ld.llQl"l S.arftl tor torealrl1fora in tbo 

Voaoaaa4 •• 'uarl wo. ooniucS •• '&kiug •• dlmont .oaple. 

fro. 125 .quid1."nt .aapliQl etaS1008 d18tr1bgted 
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fro. OOOb1D bGra:nl'b l1A ,ha DOrth to All.pp., 111 

tbe S w'll 81 tUG t04 be ... c n 1.t1 t"el08 9· '0' aael 

10' N an4 loD&1\ude. 1,0 16', an' 1" 25' B. '~r 

•• .,11Dg8 were clone 4ur1nc 'bo pilot .1U'ft1 in 

oot~"r 1910, Apl'11 1911, Oc'o".r 1911 .. -Jamtarl 1912. 

All ,be ••• p108 wore ."bJ •• '.& to 8&111natlon aM all 

oo.'alned torall1n1for., e1tber o.lo.noua or cbi t1no_ 

or o111ceoua - aaelutina'k4 tor.. fbe ft8tAl'. :)~ thl. 

prol1l11DarJ ObeO"I:' tlou b,!.YO beeD reported corlicar '01 

AntoQl" (191'.). 

1'1"0:1 'tue .'''41' l' hae been obe.m. 'bDt 

ooleanOWt liYing toroll1bltera are fou.nd 11ylq ap'o 'be 

m14dle reSlon ot tbe cet&Aarl - a d1stono. of about '5 km 

fro. ,taG bar.;)"th. t;lo 11.' of tolerano. Us beOD obee"ed 

1n tbc lake tor .bit~D~U. aud 811100ou. fQrma. Baaed on 

'be r •• "l'&8 of tbe preliaiurJ .U'ftl 04 tbe cl1.tributlon 

of t3"old.D1tera lu tbe lake, 15 "pH •• nta"l.,. ... t10y 

were obOllGIl for tbc preeent .'",4, tor .G1lp10 oolleotlon 

a' 41tt.rQnt pJinte 1n 'bo lako. (P1,_ " '.ble 1). 

Portl11&btll oolleot1oue .. re _d. tor a pGrl~ of "",0 

It: ex'. t;f'~. Jul¥ 1973 '0 JUG 1 91~. 

rl.14 ooll1ot199' 

'b2Ugb tift.nu" _"'1* are ... 4 tor ropreacll'lDl 

the UYiD& tor(ul1l.1i'vra •• ob 88 'bo DUmber per \l:d.'l YOlu 
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Table 1 :L1.' of f ,a'1~D8 .b:)li.~1na tbo Ai.tanoo tro_ 
baraou,b. lo •• l~¥ and 4Gptb. 

- -- ... ---- .... ~-- .. - -.... --~-.- .... .-,- ........ -
~·t.tion )Z~. Deptb Vi.tauoo trom bar.oQ'b Looa11t¥ 

(cl) (D) ---- .... .,~---- - .. ~-~--~-~-~~~~~~-
1 8.0 0 BantOutb 

2 u.O 2 Bl'DDlDlla~; Obaull , 5.0 5 Tbo.ara 

4 4.; 8 Nettor 

5 '.5 12 &ciaoooh11l 

6 4.0 " ArO;)mtt7 

7 ,., 20 Peru.bal •• 

B '.5 24 P8rO'Y~or 

·iJ 5.5 28 CbellpU. 

10 5.0 32 'l'b.1eattu •• rl 

11 2.5 " YaUt3. 

12 ,.0 40 Vooboor 

" 2.0 41 'l'botWIfJUIDPpa 

14 1.5 53 Arilad 

15 1., 60 Alleppe7 

~ _ ~ ~ ~ ~ ~ - .- - - - ~ ~ _ _ - - ~ ~ _ ~ ~ _ .. ~ _ ~ ~ f 
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(Parker 11!l. 1959, Pble.er. 1964. 1965) aad tbe 

muabor per tIi;1' "1lht (SoDdt, '954, 1964; ROitor, 1959, 

Zalt'ell¥. 1959, Har_u, 1964). ,he proa(}u' a'u4, waa 

oarr1ecl 3U' OD ,be baet. of 'be wa1" area. 

:;e41_n' aa.pl ••• ere tauD U1nc a Yon-.oea crab 

of 0.05 .2 a"rt.oo area. Aa aoon .. tbe .rob wea haule' 

"'P ,be top plct. of 'be grab WU8 r •• ,jY'oo. onu t(lO 8"rtuoo 

of 'no clopoe1' .a. ozpo •• 4. fbc aurfaco _wr1s1 baYing 

au area 01\10.af owl 1 oa clep'b ".a taun (!1lUrra, 1970). 

In ord.or t~ .back 'lIe reliabill V of 'lw.ex aa.plus duplioat. 

aaaple .. re taken fro. eacb a'eU ~u tor tbe analJa18 of 

t~ro_n1t~'ral pOptllet1ol1 and 'Ule mow. yawe •• ore taken. 

Tbo .(ieplo w •• " pneonoG 1 ..... 1.'.1¥ atter oQllection 

ill o'b¥l aloobol or S-10<1.: 118",'raliao. tor_li n. Htlon 

tor_Un wae .eel tor proeerYat1 O~. a amall amount of 

8041"'11 curb:)nate w ..... 04 '0 the aoaple to _1nte1D an 

alkalJ.lW solu'10n, 01DOO tb~, ... "tra11e.~ forma11n 

bcoo.,a ac1410 .1'b t1_. tbie 'IPo of 8Qap111lg _'bot 

for 'be .'uq of ep1fau!. "pto 2 _ 41a.ter a.lS boon 

&uag •• 'G4 bf .. ., a~'lI~ra (Pblcaer, 1951. Mo Tntlre. 

19691 ~rGI. 1969."70). neeid •• 'tl1 •• portion of tbe 

a.cli,.nt .s..:.lIplo fr!>. G(aoh .'0'10n wo,; ' ..... 11 in PQlJ'tle. 

ba&8 IQI' dc'.rll1n1ac 'bo organio m; .. tter aDd. grain 81 •• 
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an_lIel.. 'ho •• 41_u' OOt'O wo. • p11 t into 1 oa long 

.oot1ona, oaob of wh10h w •• 001100t04 1n a pl •• t1. 

oontainer, b¥ .ontt, rol ••• ioa ,be Nbber l:M.lDg, w1 tb 

tbo oore tUbe beld ln a .ortlca1 poaltion. Two or 

turoe • ..,1 .... re tauD lA 'bie • ., fro •• aob .'&a'1~u. 

EDY1roua)~'''l con41t.1ona suob a. water " •• peratur., 

oeliw. 'TJ 410001ft4 Gallon, pH a.mi JMatrlont oontenu .. er. 

8t,,4104 ',,1"11»& tbe por104 of In.e.t1goi1on. ";;'Jtor 

tcuspora',," .af _ae.u-ecl 'i _108 80 01:41D1.lrl oonUt!ra4o 

tbermometer. water 86mp18. tor aa11a1'1. 410801.04 

ox,&eH and IWtrio".'. .ere 001leot04 tro. tbo .tArtac,: 

BUU D£",r b;Jtt~.. fUZ'faoo \'vator OUIl,loe •• rG oo~1.ot.4 

"'1i1~4.b au ord1nar1 pm'lo bucko', Gl)ci b~ttom _awl' 

1ane41Qtoll auon the •• 41_11'. u1U£ a b~t":). wat.r 

.,-,"plor. 

La9~r.toll '991181• 
In tbo lob:>ratoq oblor1n1 V of water was o.'1.Iate4 

uein& the ;'.{ohr *'H'. (Bar., 1959) an4 ea11nl",.loula"0. 

u..lag Y'"DLlueen' a Table. !.'10eo1ftu oqSen 1n tbe wAter 

WOf) oat1mutod ull16 'be "lnkler lIlCf"lod (Uar08, 1959). 

lu"rlout. ot ,be ".Hr 8umplee •• 1"0 cletcrm1no4 bl 'bo 

mo'tbocl(c 6~e.t04 DJ S'riok1a!l4 au4 ParooD (196~). 

pU ... aa'orm._a \l8il1:;. a pU _"er. 
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Tbe prea.rYe' aodlmont 8 • .,108 •• re ... bed 

tbr(Ngb a 2,0 .ab aloyo (O.Ob, .> tor oUDt1_t1ne 

ell' an4 ola,. fop .a'er .88 ollowoo to flow uot11 

tbe .-,,1 auel other auapoD4.4 _'Hr .ero re.,ft4 tro. 

"be abllplo. Tbo torulllu1tera tbue 001100"e4 iooludocl 

40ael aa wol1 ea llYiD& apooiEIl8. 

Tbe 11'1'0 aDd 4ead apeel .. DB .ere aoparote4 b, 

oc14ina ~Of;O .Bcll&al a'taln. Tbo ebolla -hlob go" stained 

wore takGD CB 811 ye and tbo otu, re .. re re.ario. clead 

(Wult:m, 1952). Stained aaaple _ .... eel oleorll to 

rew:.>YO 'be eXOel ••• tain aDG dried. 8_11 ,"8n"1 '1.. ot 

tbe a.·1IO .oro .preod 0\1' oye~13 on a grepb al14e ana 

oxo_neo undor a .tore •• oplo blnoo\llor m1oroaoopo. 11084 

aboll~ were aoparu'cd fro. tho resldue 'j t108'.'108 ua1ac 

carbou 'otrocb1or1.ao .001utl~1l (Cuab_ •• , 1948). 1'or 

aeoerta1n1ng tt-v aullDr10al _'rcr.gtb ot "bo dlft.no" 

a~:ole. all torard.n1!orel 8pco1_oa (bo'b llY1DC an4 

doad) woro oount.cl. Resar41na 'be 40a4 .belle l' baa Dot 

been poae1Qlo to know wbother 'be, 41ed a tow da,8 or 

weeks before o:>11caot1on. ~bo toramulfonl _bells .ere 

p10kod o-.&t fro. 'be ilr1 et::mple w1 'b a t1no _l.t bruab. 

Tho epoo1;;Jona t~r 14on'lt1oatlon were tlxecl Oil a Blue 
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s110. 1D 0 'bin laler of ~. ~i •• olY84 ln w6"or and 

all ... , to d.rl. Conada balaBID WC8 ".eel tor ,ormanont 

IIOWltlug. 

Ae reaarko4 b; H04101 anu A4a_ (1974) 1 t la 

U8u.allT cllttioult t:.. .e' all apt;010E lcl.nt1t1.' owlue to 

tbo l1;)u-ayailaulll'T of lltorature. nOWOTer, wl"rl ,be 
kllowloqe i~J.nocl 4urit1g tbG 108t BCYeral loare lD tUG 

lun"..lf1oatlOIl 01 tbe 10001 tor61llif.itcral 6) poolGI'; 1 t baa 

beOn poee1blo to lclent1t, lIoet ot 'be .p .. 0111011& 001100'(:4. 

In tbe preacl1' ."'eIl D~ new 8 peelo8 b~vc boon r •• oI'404 an4 

tbe taxODOaio pan bM boon olllttea fro. the pIln1." of 

tbia atu4,. fbe olaa(iltlo61t1on to11ow04 1n tbo preaont 

atwtt 18 tbot 'Jt C"abl,j;8n (1948), but ,be ldoDtltlontlon 

jf' t pec111ieua 18 ba.e4 011 rocont 11 'oroture b~ YDrloue 

o .... thon. 

Por.xtural t.' "'4J tbo .celI1DA' •• .,lea taDn tro. 

tbe grab baul .ere ."bJoctccl "0 'be. co.blDeH! 810vlna and 

plpe". onal,8i. motboG 11vOD b.r Y.ruabc1a 804 Pe'tlJobD 

(19'~). KDawn quant1"10. of 'bo 4r104 •• ellDeD' 8a8ple 

wero f1re' ai.,.rao' oYerDieat w1 tb 80el1". boxa_'.Jtb08pba 

8~1-.,t1DIl ot 0.025 N. i'be s1lt ~cl 018, trcac",1ona .or. 

e.po; .\oa b¥ _blue; 'be d~8pOreG'" 80diwent 'urouBb a 2,0 
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standard _eh 81eft_ tbe 008no trao'lona ",al_4 

in 'bo eloyo wero drlod aDd weigbe4.blob guYO tbo 

we1&b~ ot matorial coaner '"an 0.06, 1Im. -rt. drled 

_'erlala .ore .nullaecl '-l.1n::, a aet of e'taD4aft Bouie:»'" 

8le ... _ file W.f~b1D&8 0:;,11 •• '04 1n a ••• 1U1n&jJal" ot ono 

11 '1'0 wore aualla.4 for 811' an4 ohoY b.t pip.' •• tbod. 

9"'a&'19 

H.Jclr~,npbt ---_._-
An Important t.a"ure .)t ,be Vembana4 •• tuol7 1. 

tbe lutlal.noe ot 'no .ou:&b .~, JIOWS:tOll wblob att'oeta "be 

b.Ycir3araphl0 O~llCl1 '10 .. 8 of ,be a"o ln Q Yer7 re.ruble 

.arw.r. !be lok. 1'0 •• 1 yea 'be tl.l11 benetl' of ,be lJouta 

••• t Ja)ll8oon oa well .. 80_ proolpltat1ol.1 In. ,be Dort.b 

o.e' ItlDaOOIl. Tho south wo,,, Jl:)n~OJll flo04 oawtoa largo 

li:ltlow ot tre6b wawr wbleb atfoo'" lreatll 'ho tawaa 

~bab1~lD8 'lob. beokwu'.re. fil. btdrogra,b1c ooacl1tlo118 

of ~bo Y •• baud •• tur1 are l~baonoo. _otb by 'be .0 • 
... 'bo treeh wot.r. 

Bc... on 'be lDflue ... o ot aonaoon awl tho aa.oel-.. 

t.ny1roDmDu,.1 concH'10n. tbo ,oar call be oonnn1e"tlJ apJ 

1n'0 'breo "ell 4otlnc-G i1!rloc1s banno obaraoterl.Uo 
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b¥dr~grapbio teature.. Tbo pre-mona o:')u porlod 

(Peol'llarl'-Ma,) is ooaparativoll with TO'q littlo 

ru1n tall and oheruoterl.ed b¥ a tairll uniform bigh 

801101 '" and bigb "eaperature, "be aonsO.)D perlod 

(Juho-Septo.bcr) 18 obaraoterisod bl beav rain fall 

ana bigb lnflow of riTer w~"cre 1nto tbe estuarl' oauelaa 

oou1derablo lowerlug ot e11n1 tl. Tbo post-aonaoon 

(OotolJe~laDWlr7) perlod sbon an lnoreaao ln the 

aalini"l' aDd t •• perature Wlu08 (Balakrisbnau, 1957. 

Ramoa:Lrtbe.m I1llcl Jalara1D8ll, 1963. Georgo anel }(arti~a, 196, 

and J 080 Anto. 1975) • 

To.porot91"01 
Tho dotails of bottom wator tomperature during tbe 

period of lnTo8tlgut1on are shown 1n Pig. 2. It m&I be 

•• OD that tbe highest tomp.ratuI'G 18 in .i~pril (,2.2°0) 

and tbo low08t in luq (26.7°0). Tbe dii'foronoo in 

temperature trom tho 8art.o~ ~ater to tbe botto. ie about 

10C in the dry 8.080B and i" 18 about ,0C In the 1I011800D 

aontba. Tbe tomperature differenco beweon tbo wator 

at tue upper reuouoe of tbe oetuarl and that of tbe 
. 

lower reaci18 18 108;,. than 20C 1n all tbe S)ntbs. Tbe 

re8ults show tilat tho tCllperatw"o 41t1'oronoo between 

the bottom water auQ tbe sediment nCTor exoeeds 0.5 00 
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at &DI tl_ o~ o.ona'1oll. ~b., periocl ot .oatb ... , 

.aD8oon coincld .. wlth 'bo par104 ot ain1.um water and 

ao4i~nt tcmporQ:ture8. Prom JWlO to Auguat-Sop.abor 

'00 '.mperotYre ~4Q8111 deor..... ana ~rom Pobruur7 

'0 April-Mal i' l h~& pro~"eE.1ye 1ucreoao. Tbere le 

8180 • allab' ao.rooe. in t.aporature from October to 

laDQ8l'I'. 

8811t+1". 

'be •• 11111 V of tbo " •• banacl e. tuarl .arl.. fro. 

placo to plaoe. _OUllOD to eOGaon anu surfac. ,~ bottom. 

~oaaoD8l CbansG8 in a.1101', are Yff~1 wol1 aarke.. JWle 

'0 Auguat la tho 80'1 Yet perl04 of IIODllOon. Duriog June

Juq w1 tb 'be o_ot of tbo .:)olIoon tnex'e la a sudden t.ll 

la 801101t, througbout 'QO O(:'UGrl (O.19-'.2~~(;). E.on 

bcf~re tbe close of tbo .-0011. aca water begl~ .• to 

pcue'ra'o In'o the o8tU8rl. BIl' tbo intollfiit, ot t14al 

1ntluollce 18 negligible ln the up"lor reaobes ot tbo 

"tuor1 4\10 to tbe .'"11& eo,ward flow ot tnab w~ tor ~". 

tbe ri 'YOre. Prom OotOber ollvlarc1. tbo ea1 ~n1 il risoa 

unitor~ tbrouguout 'be Qreu duo to t14al otfoota anA 

""obee lta .-z1 ... In Apr11-r.-, (".5}t ... ). In tUG lower 

re~l~n o~ tbe osiuarl. 4~1D& Apr11-~.1 the oond1t1oD8 are 

precioaa1nantlJ 8lr1110. Durlflti tb1£ .,crl:xi tbere 1a not 

_ob d1ffcreA •• lu 8011111tl yal".£;, betwOOD tho u,:lper 
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reaob •• ot ,be oa'u.ar, t'O.~~) and ,be lowor reaoh •• 

(".5,.t~). lAlr1q tbe pert04 ot b1gb .aUm" 'non 1 • 

• crl 11',le 41tterone. In .al~.e fro. the .ar.r •• e .a'er 

to 'be ba,toa, both 1u ,be upper aDd lower reaob.. ot ~. 

e.''larl. B&l' dui. tbo otber porto4e tbe d1ff.rence ln 

'be •• rt1oal proflle 18 _re prODolAn •• cl. Ex •• pt 4ul"1Dg 

'bo flood .... OD 'be entlr. lake ebow. 'lp10al brack1ab 

.a'er ooD41'1oaa. ,be ~lu •• ot bot,oa water .allD1', 

an abOftl lD Plg. 2. 

!lS ... 

!be tide of Co.bin area 1. ot 1dx04 aeai-41urna 1 

',pe w1 'b an a"rap ftDtlc of 1 a. ~r1. l'fOT •• ber-Deo •• bor 

Mlb a,riDe '14ee of 1 • aD' ab~ HCur a' 'bo Cocbin pt. 

Tbe t1elal "ago progroaal •• lJ Ua1n1.he., 'owazote ,be upp~r 

realeD. D~UC 'be pre-.oaaoon aDd pO.'-80DeOOn period. 

,be '1401 etfect. .an oyen be notl .. , a' Al1eppe, (eta'loa 1 

60 km awa, fro. 'be baraou'b. l)Qrluc tho flood aouoOIl ,_ 

otteo' ot ,be 'Udal ourrenu la "rt ... b n4uoocl ancl 1 t 

la f.lt onlt lAP'to Aroor, 12 _ eOLIth ot 'be 8"t. 'au 'be 

t1dal .urroAt, nep ..... tltl. for oarr,1. tbe •• 1t •• 'or 

upe'nWll 4ur1D& tho P" __ OOD a .. 'bo p~t-ao_OOD 

80_008 la baYin,t; .. r, 11'tl0 oft •• , ."r1ac tbo aODeOQll 

RA'tilY" 11'119' 
D1 •• 01 .... ",,,0 oouton' of "0"0 ••• ter YU'1 •• 

tro. ,.2 .1/1 a' £I'ot1-. 1 1n J8.JWIlq '0 6.4 111/1 a' 



Pie. 2 .oatbq .all ~allle. ot to.,Pel1lture 1lD4 
•• 11D1', .f tbe ~ot'o. water of tbe Ve.Doua4 
eatuar, duri ... l..u, 191' t. Juae 197' 
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_'.'101l 9 ln JLll¥. Durlng 'be &loao~1l aou'ua 'bo .1114. an 

fa1rl¥ .vo~ auci l' OOll brtD6 about &&1'a'1:>n Mel In ...... 

cU .... f)l"'l~A of a'aoapber1o ex.JIGIl 111 'bo 8~.oe waun. 

Tbe i_re88. in tN.b wuwr lnflux 18 fayourablo tor OIl 

lnoneao 1n 41.801yo" QXJ&.n ciur1q tbe aoDaOOD. aOD'ba. 

Porai8tan' aooal yar1a'1~_ 1n 'ho clial,:olno oQSeA are 

d1aPlo,cul fro. tbo .nue to tbo trMb .. t.r enci of ,be 
cn\I.lQZ7. 0Xl&en ?UluOf'l are al •• ,8 b1gbcr ln ,be treeb wa'er 

&:>no of tbe eetllarl 'than in 'be mrlne reSl;)... Tbe obang •• 

ln 'be oqpn yalllo)," eoc. "0 be 1nYol'lloq rela'od to \bo 

ohaoaoe ln .nUni',. 'rbe yal .... of d.1.Folyed al,en an 

eb::nru 1n 11S. ,. 

pH .boa yu1atlo_ w1tbin ,bet roDeo ~ 7.0 ",0 

8.4 ... hOlm ln Plc- ,. A n'fiGW of "be _nthl¥ Yalll •• 

~t pR .bow. .eoaonal tlllo'uatloua .1to tbe 1~ •• ' YDlue 

(7.0) 411r1ag JW1o-Jtlll ant ,be bigbo.' (8.4) .wring 

~arcb-Aprl1 IIODtbe. Zonal Yaria'i;)D8 1n pl1 are seoll, 

al • .,.. w1th b1gb .,.a1ll •• la 'be lowol' part ot ,taG, .8"'er, 
owl lower Will •• ':JW8rda tbe "ppor part. Tbo inorea •• 111 

pR lu ,be pre~nao~n aDd p08'-.oaaoon ,er1~ throughout 

,be ar •• au4 lu 'be P:"-1IOD80011 panoA 1n ,be .art_ 

and .bows • taY~~bl ••• ol~.leal 00041t108 tor marine 

organl ... iD '&bo 08'''''7-
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Nytrion',. 
Tu 1noraat.10 ,boa,bate oonoentrat.lon ln bo"o. 

wator ftl"1.. "' ••• Il 0.11 .... _'/1 aucl 2.8 ...... '/1, 'be 

blgbo., ftl"o obt.a1ne4 ln IWlG....J"l¥ GIlcl 'be low •• ' ln 

1~ovellber. I' 1 •• igD1f1oal1i 'bl.' b1ab ftlYe, of 

pbo,po"'" are noorde4 ln 'uo _rln ••• DO aucl 'be tapper 

balf ot tbe .'t~ar¥ .arKa ,be le •• ' oonoen~tlon in all 

.c8801l8. !lure 1, • .,na140roole .8r1at.10n In tbe 

1uorao.n1o ph~'puaSo oon,oll' lD cllfteroat ~nSba. Tu 

88X1ll11l1 pboephat. oont.onS 1. ot-.e ... e' 4uriUC 'bo IIOn.oeJl 

peri04 aAd She 1I111111.11D cluring 'be pO.'-.oUBoon perlo4. 

MOL~'bl¥ J8CaD .. lut. of 'be pho.phaS. OOU'ollt ln tbe area 

ore &lYen ln Pig. 4. 

"_blo. of D1tr1W are &l.en ln Plg. 4. Nl'rite 

Y8~O. arc r.ubJeo'.cl '0 11ttle fluotuation and rOUle 

0.,"011 0., JI& at/1 In Januar7 to 4.S .MB a'/l in Juno. 

Tbo .axlowa .abl •• are rocorG.,' 4u1.ag 'be .,.-o;>n penod 

Wl4 the ld.n1awa clurlD6 'bo px-e-aonaoon. 

!Iou'bll' ftl,,,.,. of .1110ato are liil.u ln P1a. 4. 

Dl110ot. oonSonS 1u ,be 'o"aa' O.ta&arl .bawe rb.Jthll 

-.1.~1J 4uG ",0 Sbe 10001 preOipitation &Dei 'be 1'1 .... 1' Z'Wl 

ott. Tbe peak Yal". ot .11100te in tbe ana ... 155,tIC 

at/l and we. reoQrde4 1n J\ll¥ at etot1oll 15 ancl tbe lowee 

voluo _ 12 JI& at/l rooorcle4 111 Dooembor at station 1. 
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DurJ.D& ,be ._0:>1& perloc1 b1gb 000000,""0 .. ot 811108_ 

are "oorc1o~. After a ioe11ne cluri.na tbe pre-llOIl800u 

another poak ot sl11oA\o earloball' In tbe os'"ar¥ oect.an 

4uriag Oot:.'ber t;> 1>Goeaoer perio4. 

QMI]!pMI 
'1'bo w.'or c",rrcult. IlOrmallJ appour to bG t1u1 in 

Or1c1D excopt .wrl. Ju.:lCt-Juq wbon 'boro i8 m_OOD 

t10:>4. 'rbo loo:>m.l.I& aDd out.golag of '14a1 CUI'I'GU"S are 

~(')flQrn4 'broupout 'bo laD, altbough 'bOI ftrl in 

lntoaa1t¥ wlth rutvreno. to 8 •• 0ne. ~iDi bl&b t14e 

.,.n10al 'Yariatlone In saUm t, ere obe.m' cepoolal17 

t.ari. 'bo MrIlOU"h "aloe. ot 'be 08tuarl. 'bill la 

oa",.e. bl tbe .urta.o curre'l'. ot Oll'&D1ug treab water 

owl "u~ nv. w,ua ot lucoll1n& a •• _'or undor ,be sw-taoo 
I 

wa •• r. 

!bo 'eto11& ot ,"0 0 •• po81tion ottuo .o41~ta are 

clTen In Table 2. .rom tul. 1& 18 0.14on' 'ba' the 

0.ap081t1011 of 'ne .041=-.11' Y8r1CJ8 _rket111 from f~tion 

t:;, 8t.t10n A1Ui aOUOD to aeaaOD. SaaA-e11 t-ola, ratlo. 

'0.nd.1I04 tor tbe .oc.u.80n' abow ,bat 1n 13 a'atiOI'. ola, 

00ll'811t prodoll1nawe and 1 t yulos bo'.eon 20 '0 66" in 

,be p.le-80naooD peri04. 18 to 49. 4ur1ng It)Daoon Lld 21 
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t. 64~ 1n tbe poe1; .. _oon pen04. SAD4 1. tbe .-xt 

40lliaant ooutl.en' of the ."be'rat •• t 6 .,.tlo .. 

whlob tora 41 to 7o,c lD 'be pr8-11ODaQOD. 40 ,. 1" 

ln tbo IIODeOOD an4 40 to 8~ lA 'b4J po. t-aOIlllO;)1l 

••• OD. At .'.'10_ 12 and 13 .aaa4 ooapn ••• 86C .n4 84_ 

napeotlye1¥. tilt toraa tbe 1 ... , told.naIl' o_'l-.oa' 

of 'b. ."betZ'". ill .11 tbe .,.tlona .Del 1" ranc- fro. 

10 to 41. lD ~. ,re-.. nao~n. 1~ '0 48. in tbe ~OOD 

awl 11 '0 41. In tbG poat-_aaoOCl pc1r1od. In pneral 'be 

."batnu 1n ,u. Yembana4 •• twar, 11811117 f.1le in'O 'b. 

o.tegorl ot ola7e,-ean4 or .au4 .. 11t-ola,. Saa.4¥ 

.".'rat. an4 .11\1-010,.8, .,,'-'rate are tOWlcl ., "' • 

• '.'10M eaob. 

tbouib 'be pereeDt ..... tsan4 .. 11t-ola, oompoe1tlon 

Tarl allgbtl1 froa •••• on '0 .aG.OD ,be _41_D' ',pe 1. 

Dot obaDS1ng. • •• r ,be baraou.tb ano..(.,.tloll 1) 'be 

a04i_nt. are 01.,., aani. Tb •• "bat"' •• f .,.tiOD 2 

anel , (EZ'Dt\lDalaa 0"'D_1 an4 'boftra) are of aan4-el1t-ol., 

tlPO. 0lato,-euwl ooou _,loEl .,.tloll 5 an4 al1'I-01., 

8'\ation 6. Aa.in Q .'ro~ ot ola,.,-een4 OOcan •• ,,'h 

ot Peru .. l". (a'.'lon 1). ,taG nti4lODb at PeraYOor 

( ... tl_ 8) au4 Obea. (.tatloll 9) are ot .8Il4 ... 11, olaJ. 

Funber .ou.tb at fba1ka"UObGITJ (.taU_ 10) aD4 Valkoa 

(.~t101l 11) ,be .e41meat. an .. aln of ola,.1 ... 4D4 t,,.. 

Tbe '.,ae1'. arc .an., a •• t8tloA 12 ('.obo~r) and 1, . 
(Tbo"ttllU&appu). ..ar ArIa' (."8,\1011 14) tbe •• dl_nta 
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are a.n4-el1t-ola, .blob 1. to1low.. -, a1.,.,-e8Dd 

'.po.l ~ a' Alleppel' (.t.t.lon 15). 

_.4 on ~b. '_an ot ~be ae41_n' Vpe tbe rei 1 OD 

uudor 1n~'1&.tloD oaD be 41ttervatlate4 la'o tbe tollow1AC 

-3 or .041_n'010&1 •• 1 'lYia10_ na. (1) 'bo _4 40111M"t 

",lODe ot 'bo .ou'bam aDCl DOnbom 0 .... of tbe •• tuarl'. 

(2) a .aD4J ao_ 1n tbe .onval "aion an4 (,) two ••• t.re4 

aODG., ODe a aUo'ob ot 811" ... 181' '.poel' aoDO .zteD41 .. 

beweeD _'atio_ , 804 6 GD4 _.'bar w1'b .aaA .. ,_ 

401llD8Il' trao'lon _'.D41D11 lro. ata'loa 12 ,. ". 

A penaaal ot ft,. , ab.a ,ha, tU-re are .... oual 

Y&r1atloDa ln ,u .ancl-al·lt-ola, _awn' .;t ,be .. 41aen'. 

Dur1. ,tU.lj __ OOD perlH •• 114 1. eoapu.'lv.q 1 ... In ,be 
f ou'borD 8114 nonbom •• a ot 'be Mokwa'ore ,ban ln 'b. 

o'tler 8.UODa, .1'h a ooneapoDUna inGro._ of all' traction 

'broucbou.' 'be ana. DuftDl tbi. period. In ,be 81441. 

reglon tb. proponion ot ala, ala:» '.ore .... 4u to t_ 
lne" ... lD tbe all' oontent. la. 'ho poa' __ oon porio4 

.and ,roportloD 1. 1... ,ban ,bat ln ,be pro-ao_oon 

tbrftLl&bo,,' tbe ana ex",t 111 'b. MrIlOU'. 1'0&1011. In 

,be upave .. area ,be ala, OOa.M.' abOlra an 1110"" •• "rilll 

'ida poriod. "baD 111 'be pr ..... OOll .... _ .. an4 ,be 811' 

tractlon la aore 4 ... ,"_ 'ban lD 'U8 ,re-_naoOD ••• OD 

'rb. 1111&1._ .. lue ot all' 0011".0' 18 obeenecl 4ur1ag ,be 
pro-aoUOOA per1H 'brougbou' tbe HC"'.N. 
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la tbe ,neeD" etut, tb. tOJ'QII1D1tcral eo.n l o1 V 

.. a aloa1e enU "I' le 'eal" .1 "la ancl an att.ap' .... beoa 

_tic to \lnteratan. tbe,1r oecurreaoe anA 4omnanoo ot eaob 

apeale. w1 'biD tbe o o..an 1 '1'. -rh. tQl"r:\Id.n1tera 111 tbe 

' •• bane4 •• tuar¥ appeu t:> ""'rI ... ortiq "0 .a'tuar1ae 

c:)ndi~1~Q8. !be 6enerol 41etr1batlon ot .po01 •• abow. 

thot tbe lower raooue ot ~o eetu&rl. per\ioularlT 

noar tbo barmcNth 1 •• barooteri.od ~1 .aloareoua 

epeolee. Calcareoue forma 4eoroe •• lD DU.ber ln 

relation '&0 tbe 'eorea.lac lntluollOO of tuo ••• _ter aa4 

tbe, are coap1etoll abaen" ln tbe upper reaobo. ot "be 

0(1'''£1. Tbo e1liaeoue anel obl"inoua tarall1o.11ora are 

'~a1nan'i ln tbe upper Z'Ooobe& of "be _Warl wben 

Iroeb water eODii'1088 prevall. Tbe.J ocour .. el7 rerel¥ 

in tbe _rille aone and "b.,lr DWlber lnoreeae. wltb 'ibe 

'00n .. 1D& lDtlueuce 01 _rinG eDY1roDJ1Out. t~ercle 

tbe upper par18 01 '&bo eatU8rI. 

Of tbo 10 oaloaroowa .enere r.o~rd.e4, Rota11,. 

E~Rb1'lu. and 991n.u.190Ul1R1 are reproaonte4 bl' "be 

laraoa' _.ber of .peOll1MU.... Togother 'Staol' aecOWl' tor 

abou' 8S~ ot tbo 'oul .0108reoua apoclo8 while each 
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of "be otbor •• ura 1. repreeen'.4 -1 onlI a t .. 

• pec1_ne. A rola"1TclJ large .... ber of ~~rall1n1~en 

bclollii£ ",0 tbG full11.v RotuUidae. Aen1B be.ow; 

(IJ.nne), tho ,<OIlt dominant .~o1c. 1n 'be lowor balf 

of tbe 8£.,\u817 tor_ 0 bOut 50,( of tbo total toraanit.ral 

p=>pl.l.lat.1.on lu tbe area. ()tbor speeioa "blob ar •• 1401, 

die-tr1 jutod in tho marine SOWl are 11Pbicli!.!' gnewII 

IJ.nno, ~. ora\19Ulolu~~ (Plob'el ant ~oll) .M1PQueloot.lUna 

!e!1r!91um (L1IWO), aRtoU! plcK cl' Orb1&a" Dlacorbl. 

£:l."90a (cltGroii>D¥), g~bl'14'. lobatuly (;alDr 8.n4 

Jaoob) !~n10i:' bO!l!!9M! HaG. end. ,., . .Iplop ,109911 d'Orb18DJ'. 

a •• t of "bo .pool~~ ooo~r in low OODOontra'ioaa In 'be 

area. 

'b:>ugh tne .b1 '180\18 and 81110,ou8 epecie. are 

do~nant iu 'b~ up~or half of tbe o8'uarl, not all 'be 

.peeiof. are o'lua1q cUa'riblltccl in lhe area. Of the 

11 apcoloB, ~'-'irlla_9I 'M,a (llZ'a41), '£R'eE. iatlaS! 
(!I!outague) aud saoo8"n& 'peerlo. San oocur lu 

owndanoo 1n tbo "i}!;>Cr reacnos. Of tbe •• thro() 40l&1na1'1t 

epecies Troobofll9! ,ntlo'. 18 .~u46nt 1n tb. -'4d1. 

1'e810u of tho estuary :.uad thel aocoW1! ror abt)\lt 601 

:»t 'ho !:>!al fouuo ill !hut areG. tiMe_. fusH 

.how. tbo hlgb8.' p:>pula!ioll in 'bo "ppOI' ao~t _4 
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(etatioD 1S) lond.ag abo,,' '5" .t 'il. 'otal f8WIA. 

,a.ca_1¥! 'pba.£108 alao .00_ to "0 c1oll1JWlt lD 'bo 

upper region (.tatloDa 11-15) ooue'l t11'l11& about 2O'i 

of tbo to, all1n1teral lautlA. Otber _j or .poel •• 

di.,rt."eel ln ,b. area are troob.!!1oa 91'148 Bred,. 
A!lQbaclll' •• toli*,.,u, BratJ, Ammobacu11, •• t!lloro~.l. 

Quh_n alll 1(o"n and A. 411aM'. OWlbman aud 

!Jrounimamt.. fbough tbeao '1,1eolc8 are oOllllon througbou' 

tbo •• '"art th01r lIl.bar 4eoreu ... townrdll tbe lower 

rouoh... In 80110 of 'tuo ."'ions i,~ ,b..: upper balt 

"bat aocO\Iu! to x' about 101i ot !be total population. 

Tb. low.e' DU.ber or iipoc1u.(i!le tl)ralB6 loaD !ban 1~ 

ot tile total tUtu:lO be loDgB to 'be apeol.. ;;eopbax 

800"11 Obe.tor au4 11. ,."'ella HOt!:luacl in til. uppe,. 

.one. 'Iba 8peol08 Z,x'ylarl. M 1,,'1nall! cl' Or~igD.J 

alld 1. 'OS'. 4 t orblgDl oCJ.-"ltuw lose tban 10J of 

'be to'al popula'U.ou lu ,be 814418 and lowol' reg10_ 

of tbe C8 "-rl. 

In a4cl1,loil '0 'bo 32 'pGol •• ftoogD1e.4 froa 

'be etuarlr&e onYirODllOnt .0. other epool.. aro alao 

touncl .. 11",c .peol_na lu ,be "raou~b area (.ta~loI11). 

Du" 'heir ooourreneo app(~8ra to bo roetl'1c'c4 "0 ~hle 



42 

area onll aD4 'bot "O~ 111 tbe biib .aU ... 00041-;10118 

ot tbe bar.o~'b ro,loD 4ur.1aa tbe ,re-.oneo~n p.rl~d 

anA 'bel ore ae.or to~u4 liVing ln .oaploa tr~. otber 

_'_'1oD8. Siaoo 'be OOCUrl'ODOO of 'beG •• peel.a 1. 

Na"r1o'04 '0 tbo barllOuti! area lu 11 blab .aUne 

con41 tlon (.bo~t 'C)!!~Q!i) and 'heir lW.ber le _811&1 bl. 

ln tbe area, i 1; lt; !bT1ou.a ,bat tb •• o alAol,. on 

obaractor18tlc of -.rino haul ta, and hhYO on1l yerl 

ll"le "ol.rance o.paoi'l iu tbe oe'aarl.u. ouvironllent. 

!1l",10a1 4 •• 1U 
Tbe rcGal.. of 'he aur981 ooDduoto4 tor two 

I.ra\ reTea1 ,ba, tbe lorua1n1feral fuuua iu 'be •• tuar, 

1t riob DLl .. rloallJ. Bu' tbe total DIlI1t>er of Uw 

torall1n1fGra pre.ont in tb~ .a.plo ehowlJ c:)w;;1derabl. 

Y8rlatlon'. In ord.r to bayo aD overall pioture of 

tbe 41.'r1 buUon of tUG toroa1nitora 1n tbe •• ' uar1 t 

IIOntbl¥ _on Talu.. of tbo toul popllla'ion and otber 

8Oolo11oal , .. ton tall" been clowradmu:1. Tbe .e'a1la 

of ,be nu_rioal deMi'1 .t 41tlenut .tat10_ are 

g1Y'11 ill 1'11. ti. I' .tl~e ,bat 'be DU.ber of 

lD41Y14ual! por (10 o~' surf ... ee4i .. nt yar108 tro. 

8 '0 ~O iu "be pro-mnao~n "~Dt(l., 51 '0 42 111 tu. 
I 

poet-JIOLI/:lOD period aucl 0 tQ 11 1n ~ho aoll.:)~ll montb8. 
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ADalle18 of th. 11.e pop~latloaa fro. 

41ftennt lIOn'. reTo.la tba' "bo large.t l1TO 

pOplllatlon ooour. 'brO\lgrlO'" 'be 0.'''81'1 ln tbe 

,re-1I011800D _n'ha. III 'bo poe'-II'G .. oon perl:..4 a 

.. 41u. clenal', of populaiion ozl.'. 'Drouabo.~ tbe 

•• tuor,_ Du' 'be 11 TO pOpllGtlon 1. 1 •• s la "bo 

• 
"ben tbe 'total IW.bor of Uyo .pecimoue are 

'_~'ll iuto .. ooun' .iGtlo~ .• 11 au4 1S noo1"4 ,be h1&be.' 

.01" •• wi"h oonoontr.tloDa ot 80 an4 18 ln41Y14uala 

"apeot1 •• lI. t1m1l.or biao clG~itl at total 1wliv1duala 

1. obaern' a' a .. iloue 10 anu 1 .1 tb the .01"8. 14 

aud. 65 reopeeU.e:a.r. SUtl0Da 9, at 7, 14, 4, , GDel 2 

8uppon l"018t1"11 larao pOP'llJatloD8 .1 tb ", 48, 46, 

42, 4', ,a, ancl ,. l1Y1na opeel_ne ro8.,.ot1"'1I. At 

.'_'lon. 6. " 8DA 12 _ •• Gapl •• CJut.lll a -.1_A of 

14, '3 and 8 .peclueu. Napoot1.01,. 5.'bo le .. ' Tal"e 

of Un opeol_ua 10 obaorft4 1u .'atl~n , .1'b·~1ll¥ 

S lndi Y14l.lals • 'l'be lIOn ihl.J ."'race ot 11.0 tJ ~ol:.ene 

lD tbe ,uno l:~."0Il8 are CiTOI1 1n ,be fable ,_ 

8,,01 •• oo.poa.tlQR' 

no"08 •• .,1.. of tbe Yem~4 •• tU&rl 11014.' 

)2 apcolee ot 11.0 forall1niter. reprea t 'nt1nt; 1& .ellere 
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Tabl. , SOLa.owal TUlaUoD8 10 aon"bll moan Tal" •• 
of 11 Tine torall1nitera in tbe 'e:~ban.cl •• iwar7. 
4ur1Q1 J~l1 1~7' - Jun. 1975 (per (10 oa) ••• ple) 

--~~----~-----~--~~~~~~~-~-~~~-~--
80880 .. 

Ltot1on PI'e-80U8 oon MODeOOD Poet-eonaoon 
Oal. S11. '1'0'&81 001. Cl1. Total Ca1. ~11. 'lotal 

-~-~-----~---~--~~~~-~-~--~~~~~~~~ 

1 63 2 65 - - - 21 4 25 

2 ,," 2 .,. - - - 14 , 17 , 3' :5 38 - - - B , 11 

4 ,6 7 4' - - - , 2 5 

5 5 , 8 - - - , 2 , 
6 11 , 14 - - - , , 6 

7 25 21 46 - - - - 10 10 

Cs 2& 2.: 48 - 1 1 - 12 12 

9 ,2 " 6, - , , - 18 18 

10 21 5' 74 - 5 5 - 22 2~ 

11 12 68 80 - , , - 28 2t 

12 - 8 8 - 2 2 - 5 

" - " " - 2 2 - 7 

14 - 42 42 - 8 8 - 24 

15 - 78 78 - " 11 - 42 

~~~~-~~-~----~-~-~-~---~~~-~~~-

C.l. Caloarooua 
811. f,1U~c:)u. 
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1n 12 toa111.e. !bo oo11.o'lo~~ lno1Y4e oa1eareoua, 

obl'1nou. oud. e111eeoo speell1OD8, 'no _~or ,onlon 

("") of tbe "f?o •• la&o M1. oaloareoua. All of 

'bo • .-et bGutb1o, l1Y1~ 011 -aa4J, ola,., &Dd 811', 

8ub.'ru.a. Tbo oaloazoeoua foroainlf.'" 18 0~.p08e4 

of E pea!e. _1 tb lapert~r(.' to or porforate ' •• 'a. 'lbe 

pertor{,tc &roup bee ,he lar&ce' mlDlUGr of fOlll11 •• 

(5) onU aoe' aonora (b) au4 epocl •• (17). !bo 

lmport:»ru'o foll1l1 iU.llolic18. tau onl¥ 4 apool .. 1D 

2 gonem. TbG olae~1fl.4 11.' ot foralllnitere le gl.en' 

1n Tablc 4. 

AE!U80!oya-A'Ile'11m'04 19I!!in1tor.1 
Artu.oooua-eaglal\1na'\oG .,ecl_Il8 eoual.' ot 

c .. ,';" t1U.OU8 u~,a rn.11ot;.o",,, t08'. ..Hlpoaeel ,,' toroliPl 

partiolcte boyn4 'oaol;Dor .1 ,la .e.ut. In 'DfI =at 

carlior croup.; ot torald.ml.ra, tue pri.1I1 t;. Ye obi t1nou8 

'(~8t6 oro d ... loped. Tu to., ot 'bla ,1'1.1;1.0 f3r_ 

ill ot oill tin an" 'UG tOZ'81&u _krial 1 •• 4'.4 0 •• 'bo 

o"'"r por'10n. !lUlI oil1tlaou 'U'" are -teyoloped 

on13 in " few aro".- .-1"'10 ... 10r1.1 in tbe 1"611111 •• 

Socoaaaln14oe and ~llic1D14Q •• 

hlDll¥ Soocaaa1A1cla. 1. ropre •• D".4 bJ • alngl. 

speci •• whlob ~.,.·ur. w14ol.r in tha ypper port of tbe 

area. Paa1l¥ Reopuaoldao _1 'b 2 • po cl.. tor. the 



" APW. 

70 

JAN 

70 

60 

60 

50 

40 

40 

30 

20 

1
40 

I 
f 30 
I 

mmn Siliceous a Chirinou8 

[is Calcareo.u. 

· MAY 

OCT 

OEC 



46 

fable 4 01o •• 1tle' 11.t ot for.-ln1t.ra 0011 •• ,.4 
fro. 'be , •• baaa4 •• ,uer, 

subtu111 

Gemaa 

GeDWI 

8aooa8101480 

8aooaaim ... 

IHO'. M San 

!.,o •••• ,bMrl., San 

ft.opba.1do. 

R.opba.lnae 

aoOpbax Monttort 

R'ORbax .901111 Cb •• '.r 
R.gpb9' oa,,.lla HOBlun4 

U'uo11 4ae 

AlPOb'9Ul1'" Cuebman 

A!!Pbaoy11'.' fol1pt!oyt (Brad,) 

!_ t'glorena1. luahman ancl \~a'o" 

!.. 41lag". OuatUDaIl a:04 BroDD18UD 

!extulenit .. 

!!xtyl.~la .. traace 

!.xtular1. 8II1u11a&aa "Orb1&GI 

I_ 009108 4'Orbi~ 

8ll101D14a. 

M111...s.M Her-ron All ... accl fiJarlaD4 

}'~1l1a."ga tuaoa (Braa, ) 
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'·JI1l1 
SU0tall111 

G.maa 

G.DI18 

'8-13 

!roobalUd.D14ae 

trooballll1niDAG 

1nobaR_ Parker .D4 Jo., 

troop" M lath'. (tfontqu.) 

1- m" .. (Dra41) 

~J.Uo11d •• 

M1l1oUDA. 

~u1uqu.loou11Da 4t OrblSDf 

QyiagyolOlUl1D8 aggluS1gapa 4'OrblgDf 

~ ••• II1MWa (Una.) 

i- i l oorp11 (Walker an4 Jaoob) 

Ttl100Ml1P' "OrDl~ 
trilooyllna oDlonga ~ODSaau' 

J(oll1oIl14a. 

!iMoD .on'tort 

Bonion !tOHO!I!,UI nad. 

!_ "ap". ('lob'el aa4 Moll) 

! - e1o,s 4' OrblP1 

Ilpb141um ~ontfort 

Blpb141" or1.PM (UI\Df) 

!. adyew. Cu,bwaa 

ji_ .. 011W1 (Plobtcl an4 Moll) 

!. o£aS1oulalMm (P1ohtel &Dd Moll) 

Oa.rtI114 •• 

Optr9y11DA 4'Orb1ga, 



'·1I1lt 
SubfGll111 

Gema. 

~1\l_fall1lt 

Clew. 

0 ... 

Gonua 

lPaml17 

fubtald.q 

Genua 

48 

OR!I!ullga Il!gUlo.. Le, .. r1e 

gptnull. oo.laDeta (Dctranoo) 

0"rou11.111 Y •• 

QP'FO¥111l!11a ,"'!lVil (C.rpentor) 

~lll111l1dae 

VlrgulllUnae 

qolly1 ••• Orbl,D.f 

l1oUY1D8 pobl11. H.lltken 

j!. l,n.'u1. Oueb_D 

Ro'.U14.e 

Dlao:>rblD8o 

D1a,orbl, La.arck 

D18corbl. orbl9Ular&' ~erqu •• 

R. roe., •• 4'Orb.!."llI' 

notall1DAo 

aoull. ta_rot 

Rotall. (A_nta) be.oo£11 (Liaae) 

Hou110 9a19,r •• 01'01&111 

A.pb1 ..... 1n14a. 

Ampb1.,.,laa 4'OrblgD1 

A~Rblatellpa 11"0911 4'Orblga, 

Ang_11D14eo 

C1blo1D1a.ae 

Clb1014 •• Mon'fort 

01blel',. 10bo'u1ua (walker an' leoob 
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1 ... , "pH.ont.tln lu tul. pou, OOtNrl'lq yorl 

rarel1 in ,be 001100"oDa. LttaloUd .. "preao!!'e. 

bJ , 8peol •• ba'nt Hon ftooH.4 tro. tbe 111441. 

a'atlo_. !0.xtular114o.o re,l'8aoll\ocl iJT 2 • pool •• 

baTe • 1I:)48ra'. OOCLlr reDOO a' tbe low.r 800tlon ot 

,be •• t~.rl. nola'1ft1,. 18r&8 Dlmber of oh1'1~_ 

toralllnitora De10nca '0 ,be tald.lI S111e1u14ae and 

,be 81DB10 apool0' ;M111a!!!!d.pa tt.l89. (3ra4s) :)Ut-DUlUbor 

all ,be o,uer ob1t1n3"'. epo01 •• at 'ho tr •• b WOHr encl. 

Padi, froeh,.,IIII1n1cloo 11101,,4 •• 2 8peol •• afld bee 1 t. 

rau:1D.la la'.nal', ln tbe 1I14d.Ie reglon of tbe •• 'uar,. 

The apeolo., 'roOM_US lptIG'. (~lontaaue) oonatl1;u1;o8 

180,'0 tban 50 ,er 08a' ot tho tou1 aag1utlwato4 

torall1nit.ral tcu.wa. 

QaloarooM! tqrmea 
tbe -J 01'1 V of t oraa1u1tora1 t.U~l. ball 

oa10areo". toa'a. 'bore are t.o 'IP •• ~t oa1oareoua 

1. tbe •• , pnJl1tlYo, wuloh 1. ot'on nt.rre4 to 1a 

,be Il'ora'\lft a. porco11auoUII. Spe010. bolol'l&iDS '0 
'ho fa .. 111 lI111oU4oe an .1"b ob1'1l1ou inner _11, 

ah:>ftnc 'b01r areaoo.ou 8DOoa'1'81 obareo'or. tbe 

perfora'o oa10arooua tor .. are ref.rro4 ,~ .. ~al1ae. 
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Ca1.ano". lD4~rfora'o Croup 18 repreaon'.' It, 
4 &,.010. 1a 2 .... re H10D&1Jtc to ,be taa1l1' 

M1110414ao. Speo1Moe ot ~1. az'O'lp are eOllWOa at 

tbo low.r .ootor of 'he .... ar,r. 

tbe -Jog" ot tbe .pool •• _10". to '''e 

oa1oaroCM18 perlorato IJ"CMP. ft'll. ,I"OUP lD01"t. 17 

apool0. ln 8 ac .. re 8D4 5 t.II111... A-. 'b •••• 

taai.l¥ Ro'01114 •• 1. 'be beet ropreaoa'.4 an4 l' 

inol,,4 .. 4 epoole. iD 2 lOure. Wu_r100111 A_om, 

bo0oari1 la 'be moat prectold.uall' 8 pool. in 'b. lowor 

rueohoa of tbo oat\l&l7 and. 1 t forma IIIOre tbaD 50 

per oent ot tbe total populat1on in ,bo area. ' •• 111 
AD~ .. Ull1clao :Le ropr •• onte. 1»1 • 8ingle • ~el0. wblob 

18 o~..an ln tbo l~.r par' ot tbe .atwar,. Po~ll1 

loniollidao 03.,1'1... 'be 1108' Tanocl group la DUmber 

of epooloa wi"b 2 •• ner. uiACi 7 .pe010... !\:w~.r10.11, 

tbol are 000004 ln ab\w4ODoe at 'be .u1.uo owl. 

ID41T14".la ot tblv &J"O'lp amou.r"t t~ about 20 po!' 0011' 

or tbe '0'.1 popula'lou in. 'be arM. 

Dl"t1N'199 " j004 IU"" 
Bo'b ,be l1Y1ug and d.,,4 apool_rut we" .000t.el 

11'0. all 'be a t.tlODe an4 tho awaer10al .... n.o... 10 



• 
~ 
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of OOCU'l'eIlOO of "bo 'eIS' 'p.OiM_. IIOIl'bl¥ IIIOGD 

... alue. ot ~e 'Aree ' •• EODe are alftl1. Oal7 ,be 

",otal ... bGr ot cl •• 4 .b.l1 •• , .aob .uti_ _ Dow4 

anI. 'bo , ... la41v14uale of 'bo ..... peol ••••• ao~ 

ocnm'.' •• pantelJ ... , ... tor 'bo l1v1Q& .peol __ • 

, ... 61a'r1lN'loa .t tbe .aloareou an4.1U.eo"'B 

ape.l_Z18 ftrie. ..00r41. '0 ,be .... 1 41 Yi.lo_ la 

'tbe •• 'tllDrl. Bllpt, ' •• 'a of .al08reoD ton. .... 

clO"DeIl' ln 'be _rlDo aODe. Dead ebella of all ,be 

.atuarlao apool .. ban _.011 tou.ni lD tbe lower pan. 

,be boraoutb area (at.tloD 1) 1. obar •• tons.el -1 'bo 

pro.enoe ot ,be 4 •• ' ebelle ot all 'he .-rine tora. 

ln a4dltlon ",0 'bo •• ,uazt .. epool0.. ID •• n.ral tbe 

~.bor of .arinG tor.. ,.ore .... In rel.tl~n to tb. 

4.on .. lac lDtlllol18. of ... watGr au4 'bo, are eoapl.'oll 

•• 011' 11l 'bo .,per par' of tbe •• '"erl. 8018'1Yoll 

lar.~ ~.bor of 4... .belle of 'bo •• l.ar .... foroa1n1t.ra 

bc1o.uc£ to ,be tu1l1 Ro'.111.... .aaon ,be UT1 • 

• ,0018008 ot R"!ll. b' •• ar1' are ••• n ap'. a 41.'ADOO 

ot '5 km ( •• Uoa 11) tn_ tbe bar."tb. 'b. 4ea4 

ebelle of 'hie 89001ea are tCMlu4 a' a cU., ... _ of 46 Jaa 

troa tbo baracNtb 1.0. tbo •• , , •• ,. ot !. beloan1 

.re 4i.'r1_~ 1&1'8'"_ 11 JaI .701.l4 ~be l1m1t of 

l1Y1oa .peol.me. nOWeT.r tbo, an Ilot t0au4 l1Y11W 

bel0 ... 4 .tatlon 11 ... 'b~ "e_ ebelle an abundant 11l 

tho u8cablaae. 
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D •• ' .bella of ob1 'lllOU. aDCl .1U ••• ". apool •• 

are .caree In 'be lowor o.tuarl wbile ,be, tora ,be 

cbaraotcri.tl0 8041-* of ,be .,per pan. Tbo ".M 

.poo1I8Dn. ln tb1a area are 'oll1.'e' " ,be a,.ol •• 

Ml11aBoa t\160a ant rana_M '2 •• 0,.. E.", 

tG8'. of Troopa!m1D! lsfle" ant A!!9b!gyllt.. 411a,.tgI 
are 40111_11' 11l tbe 1114410 resloll of 'he .. aSuer,_ 

otbor otu'1110\18 anel .1110eou apGol .. are, touwl rarel,. 

•• zoeprie 'be obl tlDtN8 and alUe.oua fo' _ 'be 'ot,l 

'0'" .peel __ .... e tr;,a 8 to 18 a' •• 1;10118 12 1114 " 

re.pectlyel¥. 

lj.'!!-40.4 "'101* 
!be .a .. r of l1Y1_ .peolllOM "Del .084 abolle 

Ye£1 •• froa • am ... of , _4 40 £0.poot1"1¥ ., 

.,.t.iOD 5 aa4 to a _illlll of 0' ut 1800 "'poot1 .... 11 

at e,.t10Il 1 per aGaple. !be low •• lue" of clea4 

abol18 are foun4 a' ",.u.o_ 6, 12 au,4 " .boon ,be 

nu.aoor of cl.a4 ebolla '1"0 7S t 40 ancl ,,0 reapeotlnl1. 

'J'be .. aber ot l1Y1ua apcolmona a' tb •• c .'.'lona ore 

14, 8 _Ill ',".peo'iY.lI. An '.01'". of 260 clo" 

apeol __ an toullcl 1D o'ber ."'loaa. D1.'rtbI.t'lOil 

of the 11.0 - 40.4 r.'1oe of !oram1Difora 18 .1yon 

1n ng. 7. 
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ABo1." '.'W" 
~b •• onoep' ot obaolu'. a~&DOG ot 11.-

toroll1Diteral popt.llotlon baa beaD 111V04u ••• bl 8AD6 

.orare U kG .U8D47 (1954, 1964), llGW'iI!l a1 (1964, 196') , 

llarlall (196.), .114 Vc Qlae.on (1959). All of tbe. 

belYO S1 yell tbe nu.bar of • pool_na 01 UD1" .. 1,bt of 

,be .urla.o .oell_ut. In 'b. _e of 'tbo.o 

lIi.r:).r,aD1a. l' 1. 41ffl.tal' to ospre •• 'heir 11Ye 

popul.tion 1n bio .. e, b~' tak1q 'be 11.0 .el,ht of 

tbe 8111. alII, 88 l' le not eoe, to eoperato all ,be 
ape01meue froe ,be 1141_D'_ The .'hod .. od bl 

Pblo,or (1960) 1.0. tbe ouaber 01 toroll1mfcra ln • 

wd t area of (10 011)2 18 fo11ow4 111 'be pro.on' atu.,. 

for •• tl.'1Da 'bo abeolut. and rel.'ln cabu.n4GDeO 

of UnUC fgraJl1n1fora1 a ...... l.... 'rh1. _'bo4 of 

qUIW'1fS1Dg 11 nag t:Jrall1D1fera ln a wa' are. ot 

(10 0.)2 b88 beou ua04 Of a8DI of 'he recont .orken 

alao (Bra48baw, 1~681 Murl'O" 1968 Of Rao al14 Rao, 

197il A1baD1 1978). 

The abeoluto ObUncl&weo of tbe 11.e f:>I'DJDi.uitcra 

18 ab.D 1.~ Pia. b. 011 ,bel .bolo 'bo forall1clteral 

fauna 111 "be •• '",.rt le riob __ ri.Al.,., ln ,be 



54 

hOll Juae to S.,t.mber o .. loareoua for. 81"0 .beeat 

tbroqbollt ,be •• '''81'1. '!be obi tlDOaa an4 alll.eo". 

to~ .. e aleo nlat1.ell f .. 4url_ 'b ••• aon'ba. 

~be low a.ohltc a0QD4aDOe 11l "bo IID_OOA won'. 

~~.ot. ,be eorn.poD41ac rola'l" abtm4anoe of apool •• , 

-Jd.DC tbe l.,t.r DO' 80 ,21. 11.a.lo wbea •• 4 1D oo.,.r1eoa 

w1 tb o'taer .(j"~_ ,bat ban blpor torald.DJ.toral 

couooll,raUou aD4 rela'lYe:i¥ IIOre DllllOor ot .,eol ••• 

fbQ 'oul .tOllCllD1 orop 1n 'be area noftr 

ex ..... BO .peet_ne (e'at10n 11) per (10 08)2 •• aple 

tbrougbo,,' 'be ,oar. 'be bigb •• ' o~noon'ra'loD8 are 

found lu 'be a14Jle •• 0'10n of tbo •• twar,. hom tbo 

a1clcilo rca10u ,be" 1e a _ra4\1al 400n ... 1n 'be '0'-1 

muaber of lJUl1T1Cluala towarde 'be lowor part. ~ta'lona 

, all4 6 i. tbo lower bolt Gild .,*tlol18 12 aDd " 1n 

'be "pper balf ba.a 'bo 10w •• t ab801ute abun4800o. 

StatloDB 1 to 4 are coaraotor1804 b, tbe proeeDGe of 

oaloareGue .pe01 •• and. .'.'1 .. 14 ancl " are ao'.cl 

tor 'be ebl'1DOUB "Dd. 8111000118 tor.. Tb"Et tbe area 

ot In'nl.'lga'1on eh... -.rJaut Tart.'loDe la 'be 

aDEol,,'. abwlcloaoe of forafl1rd.feral ,0pala'lou.a. 

Poraalnlt.re 1ll. Icnel"Gl. part1o"larlt tbe 

oalo8rOoua .peol.. .bow. .G .. ou~l T8rlattooa 1n tbolr 

obeo1\1"0 atuD4aDOo. !bo pro_1180GB period ."pporte 
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the b1abe., ,0,.18'100. "brouaa., 'bo •• 't1U7 uacl 

'l1e _aaOOD ,0rl84 'bo low .. , 00"0.'"'108. ID 

'b.e __ 0. pen.4 DO .. loareou UYi. tor. Aft 

•• on aDd ,be out'laou. aU4 .ilia.oue .poal .. D8 are 

.... 7 ,001'11 "'n....... !bo .0880_1 tlu •• a'loa 

lD ,be 41~r.l'7 ot fora.tnlloral p~pGla'lon are 

lIOn ,roDOU.tlOOd in ,be ari. .raI. of ,be •• '\IU'1 tban 

ln 'be troab _Mr e114. ,_ fauna ab_ lta 1d.D1 ... 

.. onal V lD Jallo-Jul, mntbe .beD 'bo U .10& .al •• nO\l8 

fOl'8l11niler. are o:>apl.tel¥ a •• nt. ealoareoa to~ 

basiD to appear in 'be lower r-)a.boa 01 tb ••• ""81'1 

lro. Oc'oMr Ol4Woriu ancl In 'bo .,.441. ro&lOll lro. 

nee •• ber 0_81'48 and .t'-lll 'be mximam population 

In April .... '. !bet t.uoa to •• DO' n ••• l alp1tl •• nt 

Y&r1atioaa ln 'beir abeolu'e a~n4.noo ln Mnrob. Aprl1 

enu ..,. 

Tb. reaul'{ of tne l.u ... 'la,,'lon .how tbo' 

tharo la area, 41"1'81'1 11l ,be pDOI'8 gcl apoel •• , a' 

YArloua .'_'looa. 01 tu ,e,ol 16 •• nen rooognise4 

lD ~ area 'he .-a1~ •• 1"0 (,,) la ~ba.rY04 a' 

.'.'loa 1 an4 'be dui-.- (2) ln _'.'lon 12. Uieh 

.. 1&&0£ of 8 to 11 •• 1101'8 are Do'la.4 a' .tatl0M 2 '0 11 
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ozoept at _"a'101l 5 wher. ofll.r , .. oor. aft t:>UD4. 

Tbo .. la.,. .e tOWl4 '0 be 1n • cl •• re_log or4er tro. 

'bo upperao.' area 4ownwar48 upto .,.t1on 12 an4 "be 
oorn.p.D41na "'Bluas an ~. S. , awl 2 a' st.t10D8 

15, 1., 1, ao4 12 ro.,..'1",01l. 

8pool0. 41",.,.1\11 
Por ._ur1na 'bG • poel0. 41 yorel tl' a rare 

traotlon ourn 18 ,lot tcd !ollow1na ,be _tbaoloQ 

.cl",ooa~cl bl Sa.en (1968). 1.'b.o ran tl'8Ot1011 

ololne. obta1raec1 tor tho foraa1n1fore from all 'bo 

1, .,.tlona aro a1",en In Pie. S. Tb __ a, ... l"oe 

of 'be .'aDCl1lC orop AViD& Apr11 1974 anel 1975 arc 

t.aken tor ,npariq 'bo fip"_ Tbe» faot tba' 'bo 

f.UI~ la ",.riabio witb botb tbo number of epool •• aDd 

incH ",lk.la of oucb .peel •• le.l tbo eoaplo 18 oloarl.r 

8"'140I1t_ A oompar18on of tbo DUmber of 1ndiv~4uala 

witb tbe .. ber ot .,00110& at ... an 14ea of tbe ",arl.t, 

of tbe to~n1toral po,ulatloua at clitterent. .t.otloua. 

Tb. pat, ten ot 41& 'rl '""lOll 18 f0Wl4 to '" qui ,_ 

41tterent tr:;,. OAG st.ation to Al1othor. Tbo 18re •• ' 

DWlbc:lr of .pocl0. 1. fouu4 at .Ut1on 1. Tbe loweet 

.pool •• 41"'oraltl 18 DOtecl at 8tot1on 1S tbouab 'be 

DU.Der ot lncl1Y14uala a' thi8 8t..t1~D 18 aore. Fro. 



• 
!I ... 



I 
I 
i 
~ 
I 
i 
i 
i 
i 

! 
I 
~ 
1 

~----------------~8 

'. 

o d 
rf) Z 

o 
• 

(!) -u.. 

L---~-----T-----r~--~-----o 
o. 
C'II 

o -
S3103dS :10 ·ON 



57 

Pie. 8 It 1. ni4.ut tbat tbe low .pcolea 41"1'81', 

1. Dot04 a' .t.~101l8 iD ,be .pper n-eM. ot ,be 

estuarl (atatl0D8 11 to '5) an4 blgb .pool,. 41 .... 1'81'1 

a' _to'10M in 'no lower reuebee 01 ,be oatuarl 

("&t10DII , ",0 8). 'l'1l1. oou14 be 41ftotll a"r1 b\l'ed 

'0 ,be ,ro"DO. of 1ar&. DWlbor :.f oaloaroowa _1'1_ 
tor .. pro.ont 1u tbe 10 .. 1' balt 01 'bo •• tu .. ,. Slnoe 

tbe tO~1toral fDUna in tbe lake, •• po01a111 lD 'be 

lowDr aootl~. _nOIre •••• onal tluotua'10na aocorcl1DC '0 

onylroa.ou'.l a banCo a 'bD popalatlon 4ona1t, ADO tbo 

.poeloa 41"'1'81', are DO' e.Detent. 

Ep9c1.. to!1nan'SlI 
All 'be apool •• aro Dot equall1 d1.'r1b~te4 

throuabout 'be 0. ___ ,_ Of ,be '2 apeolee onll 4 

apoolca - A-Db- ", •• £11, ft"c'.M 'pba.rio., 

!Alio.AA tqscI, ana truobalD!1M latH!! - are 

to.nant la tbe .~u"l'. The •• 10aroOM epee 10 • 

.a- boq.aE1, oona'1 tu'el~ • -.x1wwa of 70ft of 'be total 

populatlon at 8tatlOD 6 oud • all18lm of 2~(, of tbe 

p~Pll.ot1oll .t .,.t10n 10 8tHl 1'. OOCUl"I'enoo 1. 

re,t1"10t04 '0 'bo lowor balt of tbe o'~17 _ 'ho 
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,s~ of ,be '0'-1 lD41.14ual. a' tbo stattons ot tta 

ooournnee ln .be -l>per .... obee ot tbe •• '11..., 
(.,.tloDa 11 '0 ,,). ~be 81 •• 1. re.toa (atatt~n. 10 

ao4 11) 111 401l1 ..... M. bl I. 10(1.:\. wbtob tor. 60< 

of tbe 'ot.l ,0",1.'100 a' ,be •• 8 .. tt308. In aonerol 

IIOJ'O tbaD 5~ of 'bo total t:)l'fud,n1toral populat1~n 

in tile .etuarine o~.,lQX 18 tor •• 11811117 Dl tbe •• 

tour .o81aant .p.01 ••• 

Bole't" •• ~~4aM" 

In 'be ar.a tand.r iuft.'tcatto,-, taore i •• 

oOlUlplcuOWl aCl&r8aatlou ot .peolos 1nto re'riotod 

aro... Tbe 00108reou apeel.s arG touncl fta'ricted 

'0 tho l~r balt of 'bo •• tuar¥ and oht'inoua and 

al1io.oua apoct.£ are found ln tbe upp~r rc:e;10Il, 

tbou.b .0110 arc .lao t_,lCl lu ,be 1 .. 01" part lD 

t •• DU.ben. ,be bla •• ' oon.oD'ratl:)r~s ot '0,-1 

lntiY14wala are found at .tatl:»DII " 10,11 tHld 15 

an4 ,be lo. .. t oonoentraUoue at etatlollll 5, 6, 12 

and ". Tbo hi.bo.t au.ber of 8pool0. (2~, 12, " 
aucl 15) art) found at .,.tlone " 2, , 004 4 roepcctlYCll 

ami 'bu loweat .0DO.nt~atlona ot " 4, 2 or.d , aro 

founu at 8tutl0011 5. 6, 12 an4 " roap •• 'i.·,'l,. 
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Stat1 ... 14 aDd 15 are _leo ",re.ea.te' -'1 5 anel 6 

.p<:0108 ft8ptaotlYOl¥. 'bo .oGOea.'ra'loDII ot lD.4in.".l 

e900l08 ebow a _racl lncro .. e at IJtat10Da towal"4. 

tbo 1CMor part ot tbe •• tllarJ. !be 41.tr1but1orl of 

epoolo8 at 8 etotlona 18 eba.n ln Ta_le ,. 

Vertigol 41e'r1bUt1?Q1 

, 1to,etucr 24 au.pl~8 were ~ken tor tbe .tudT 

ot 'be Y.~'1 .. 1 41etr1~tl~o of ,be foru.tnltora. It 

.,.. 0.e",,4 ,bat lD all 'be a .. apl08 torall1D1te" Mre 

COntlD04 '0 tbc .. upper 1 .a euZ'f... • •• pl.. A 

48t&1104 .Da~.l. ot 'be populatlon rOYeol04 ,bat .ore 

tban 90~ ot tilo 'oul ra"ua were f0UD4 la. tbo upper 

lqer 4ur1Di all ,be e •• aoDII. ODl¥. f •• apaoloe like 

A!£oQ1a be.evil, E1Rbi41u, .rHIM! ~nd Quia".l,oyU • 

•• SPYJ." .ere foun4 .. 'e.p.r pe_traat. and ,bee. 
ePool.s .ere rooord ••• p'o 2 e.4.p'h. It· ... 

lutereeUna ';J DOto ttUl' !. ",oart1 _ found '0 

penetrate .tl11 4.(~per and .ere obeem4 tlpto 3 om 

4.ptb. 

Tbe YO"1081 41etrlbutlou ot .f'oraJl1n1fora 1. 

oorre la'.d .1 ~h eoaeou1 onTiron_aul oiulI,.ea. The 

poet...,Dltoou perl" .hen 'bcJ au11ni V 1a low8r ,ban 
,ba, 01: the pn-Ll.oeooll pcrl04 'be tora.ld.U.Ltcra are 

.004 'Q Q.~~ a litt18 .eeper. 'b1. aOG8onal 41f!ereaoe 

in 'be YeZ't10a1 dlstrltM.lt1on 18 .ore prolloun.et 1D ,be 

apco1e~ !. boooari1. 
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D1'Me1oa 

t'u41 of 'bo 0001011 ot foraa1n1tera haa 

cxperleuoeG 41ttloult1oa OW1oa to oTorlapplng .orpboloal •• 1 

obarocwn. MaUl of tho obaraoton 00Da140ft4 to be ot 

'Hsonoll1e "luG un4erao .rka4 ounco. 111 tbe YUl'iq 

ooologioal coMitlona. It ie obT1oua 'bat onl¥ • 

oooralaate4 .tudJ 1DTolYina toraaln1tera tro. tbe serine 

oon41'108 .. well .. fro ... 'uarloe onT1roDal81li _, Do 

tho riCb' approach '0 .,Jl'bo.l.e lAtormatioD aD4 '0 
olari!1' tbe .orpboloS1 •• 1 aD6 .001011 •• 1 pro'lo ... 

!be r •• ult. Obtain •• lA tbe pro •• ,t .tu.,. 'brousb 

tbo tl~14 lnY~;.t.l&atlon ba .. preYe' tba' tbo "ri.tioD! 

iu tbe .beld.cal an4 ,"'.loal proportio' ot .. 'or in ,be 

area influellOe 'be ciie '1'1 '""1 on of tbe forall1ll1teral 

speoioa •. Tbe ott.ot of ollTiroa.ntal taoton boYO 

atroD& oon\rol ln ,be a •••• blal.. of toraaln1t.~l 

population. 

Aooorti. to Inbe (1978) 'bo 41a'rl~'lon ot 

a .pool.oe 1. oOllvollecl .., ,bat •• 'f'1roDllOn'al faotQr 

tor whiob tbo organ1.iI1 baa tb. aaI'Z'OWe.' "DC. ot 

adapt.bill', or oont.rol. Tberetore ,be ~4ro.r.pb1oal 
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.'&141.. are laporian' to in'erpret tbe potential 

and reall.. 'bo m.hee of 4if:faroll' forold.D1teral 

.peei •• w1tb 1"88pee' t. yarl1ug .o~b&1cal 00041'10118. 

Too proacult lon.'tcatlou on ,be pb¥eioal aDd obeal.al 

para_ton of 'he euY1ro~Jlt an Ai.ouased Hlow. 

Toa)orM&lr! a 
Por tbe ar, a uud.r lnft.'l&& ti on .. a wbole 

tbe pattern of .. r1.t10D of te.,.rature 1. b1.o4al. A 

alm1lur t,pa ot o.ol11.t1oD ot ' •• perat&lre ba. been .. 
nQtl.ed DJ other •• ran alao (nalakri.baal.l, 19511 

p.allOJI1rtbaa and J.,arauu. 196" '.orae .~ Kar'l:la, 1963). 

During Mal'Oh-Aprl1 tbe a'''pbono to.,.rotUft 1. bl,b 

an4 'bere 1. prMti.al17 no ralatall. 'hi. re.ul'. 

In bit;b water aucl .0UlIOnt t • .,erat.a.re. 4v1ne tb1. 

poriod. Juae-.Tult oan be .~id.n4 ea 'be _'1ft 

per10cl of ,be tJOUtl1 ... t IIODIIOOD. It oan be .eoll tba' 

trom too beSirmi.D8 of 'be aoIW30n, 'bo toar)era'1U'e 

lIuowa 0 ,e.roue. Durlua tidll porl:.4 tbe •• 41I1Ont 

tomperature 8bowa • tAll of abotl' 0.5°C. Tbe alignt 

_, ba ""e to tbo clrop ln ,be atlloaphorie toaperet"re. 

Af'er tbi. period tho a ,.,apoorio tcaper8'uro e'ou4111 

lt~.r.o.8ed and '00 po.tern 18 refloet.' ln .be 8.41_0' 

a.:id water ie.,eraturo. 
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!bo 41ff.reooo ","an "bG ho' aucl 0014 

.0_0. 18 yorl ana' in 0014 oounV1 •• , where .. _ 

IIOro e'YOA 'emperaturo .on41 'lOll preyal18 ln ,be 

'r:)p1... 80 aeollaltl •• 'loD '0 .o .. ooal yar1.tloaa 

of to-.peratuft 18 ••• ier lu tho troplc. 'ball ill t_ 
temperate re&lona. 

C0D814erablo _"oDtlon tuaa beon 4.YOtc4 by 

_", worura on 'b. oornlatlon be.oon 'emperature 

.1Ut 'bo cl1.'r1bUtloaal JIl'.1'O of toraad.ulton. Tbe 

ra.o o:f tolor8_. (tbe lower 11L~1' and. tbe upper Umlt) 

of temporature for ~roplool .poo1o. la great~r tban 

'.aperate .pe01.. (Arn:)lcl, 1974). s~ 1n tne aoosraph1o 

41.'1'1 ,,&lt10:1 of :foram1nilere 'emporat.&lro 18 mown to 

be an 1mportan' •• 010gloal laotor. nr.,.baw (1961) 

b¥ o~n4\lo"lD& experl_nte, .b~4 tbat tbe ropro411otloll 

ill lorall1D1tera 000U1'"4 ooll' .1 tbiD a narrow t •• perat,," 

~O 41ft.reo' tor eaob .peol... Ho p01nt •• out 'ba' 

oyonthoqb foraa1a1tera rcaobocl _ttUl'l, 1 t would 

repro4uce 01.1111' tb, t •• pore'\lrc ooud1"10[1 ••• 

tQYouraule. AooQraina to blm torl' .• 1nltora rt·prod.\lOlog 

at 1.. 'tlllperature b •• e .~re ob •• bOre and • lreo'er 

aeon e1ae tban 'bo •• wb1eb svproQ\lCO at blgb temperature •• 

Brauo. (1961) ba8 abOWll 'bu' Awo910 bO.oar11 
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",nclu •• a a' ea op'lay. '.aperatur. beW.OIl 25 

IUl4 ,0·0. Ma.1 1)1'1 '1 of ,be torAll1D1~eral apeel •• 

are ,olk1lo\beralo. So_ are "n1rl'tler_l (bayl. 

a w14e toloreDO.) .bilo o'ben an aWD.o'M~l 

(baylDC cs aarrow 'oleraDO.) ae ata' •• 111 lfauTal (197'). 

Bee •• on 'be oontrol of temperuture on tOI'ClIl1n1~.~... be 

baa boa 4.~lD04 fl •• orl'1o~1 ' •• pore'urea Yi •• (1) 

DlDXiiD.la ".pera'uzo tor eunt.ol (2) .. 111_ 

'oapora,,," tor .\loooaetul repro4t.lo'1on (,) opt1 ... 

t •• porature (4) lI1n1i11UD '.mperature tor a-..ooo •• tul 

ropro4uot1oD. on4 (5) .1nl._ 'o.per."ul'O tor aun1..-.1. 

ID 'bo area under luy.etllatlon tho aax1.aa ' •• pe .. 'ure 

1"0001'404 1. ,2.2°C owl tho mini_uo 16.7°0. 'ble .boW. 

tbo 8DDUol r.~o of yarl.tloD lD te.,.rature 1. tbe 

area 1. ,.,·0 and. 'bo teapOrature 'Ye1". ero w1'b1n 
'be IOQUS. of toleranco of all tbo apeoi... lfIlrra, (191') 

baa 8uase.kcl ,ba, tbe r&nao :)t , •• ,.ntu'e tGr tbe 

npro4uctlon ot 'U,' troploal tor .... lllt.re le ..... 

2,_,,°0. In leneral 'bo ~orall1nltoral otNn4aaoe tol1_ 

tu 80._ 'n_ a. 'ho temperature. Ba, l' 1. 411t101.11' 

to QoteraiAO tbo etf •• t of to.,.r.'~ en eaeb ., •• 1 •• 

Daae4 en flelo obeon'8t1ol1. eluoo tbe taaperatu.re 400B 

u, 10 lower ,ban 26.7-0 ao4 high.r ,ban ,2.2-0 in 
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'be .0\lnO of ,bet ,oar l' 400 n~t •• 0. t. .. • 

10eal 11111 UJ2& faotor in "be aoa&rftQM of " •• 0 

GIli._la 1n ,be looal.'l,¥_ 

S.l+,"t'l 
AIIOD& all "be l:it4rop-opb1 .. 1 t.o";)" .'"cUe4 

•• lialt1 1e t~d '0 ~ .b • .0.' rluotuatlng faotor In 

"bo areQ. Tb_ aaU.u" pu"ern ln 'be oatLlarl 1. 

o0D814eraull 1utltl .... e4 It,1 nyere oal rain-tall. 1108" 

of 'be tl_ 1n tbo 70Br bnoklab w."or con41 t1t)n8 

preY&11 ln tae •• 'war,_ fbe .-xlDlm 8011n1', 1e 

recorio4 1u .r1l-Mat (,o-".5~s). 'b1. period 1. dr7 

w1 tb 1 •• " ralu.f.l1. Wi tb 'be onee, ot 'bo soutb .e.' 
aGnaoon "be tlo04 .oter 41eobar .. 4 tro~ the riyere 

oa.08 a e" •• p .e.l1._ iD .01101" dllZ'iD& J"~}o-Julf. 

Dtar1~ tb18 portod. "rt lOtr .eliDe c::md1ti:>nB (O.15-3.~~) 

preY01l In all ,be aatlon.. 'l'be 1nfluence Of iuter_tan, 

rain con aaain -.0 .e.j.t",rtng Sepwmbor-ootobor. wben 

'ha 01'\'10 1. Wl4l.1" 'be influenco of tblt nortb .... ' 

llOmoon. ~rom Ootober onwar<18 tbe eslini to1 .refiu.lll 

lnol'Ooao. "0 ftaob lID enDUel p.ak 1::1 ,~pril-Ma,. 

TbG eal.rUt, o~n4it1oDII la t.bo area 1& 0& toll ... 

In Ju .. ~Tul¥ tuo coD41tllD8 of tbe entire lake 1. 

ullgoballae (8611111"1 0.15-5)$'0). Prom Oct.)bor t~ 

Doc •• ber 'be ao. o Qa4 ... "loa 18 ob •• rY.' 1n 'be "pper en4 
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ot ~b. OG 'uarl'. lhlr10S toMs petr10cl po17ba11no 

oouell t,lone (aolini t,. 12-~"). prevail ln tbe 1I14ell. 

regi:>u. ZUl"lbaline 00041 ti:n. (a.li111 'I' ,0-,.,. ~~tI ) 

are eOOD fro. Nov •• Hr to Mal 1~& tbo lower part 

wbile pol¥baUnc oODcll.tlona (af1Uniil' 1b-'O·,,) are 

notioe. 1n tbc m1dclle rogion. During 1.018 perlod 

.aobu11ne (a,,11nitl' 5-1~A) o£ld oUgobal:no ooa41'1008 

arc record.d ln 'bo upper part. 

F.ig. 9 8h~B ,bat tbo toramin1toral aee •• blago 

1'0110.1:; the EWE 'rend 08 tbat ot a,,11ni'l- Gonerall¥ 

pOP\llatlone are .~.aln4l:~nt at e'.'.;.1o_ .1 tu a,,11D1 tl' 

rttnciD4; trom 1;-".5~1I. Ag1utlna'e' epeel .. a,pear 

to 'briyo 1n U .. iic to •• oholiu 0011411;10l1li ,bat 

preml1 iD ,be tapper roao"'. of 'be arOB. In tbo 

lower roooho. ot 'no •• 'Iolarl whero pollbuUne '0 

ourZ;"DliBo ouncll 'i~l~ C)oour, oa1caroolol. ap.ele~ ere 

tauu4. Ex'"_ variat,loll8 1n &811111'1 ac •• t:) oOl1trol 

~bQ 41.'r1bution ".old abu.ncluuoo of tor8ll1n1.tera1 .pecloF 

in 4iltoront woter bodies. 

SlAGe tbo tluetuat10ae 10 otbor •• olog1oul 

pCl'aMtora are DO' .0 a1Cn1~1oan', •• 11D1 'I' oan ~e 

cona1fle:rc4 _ 'bo moat potent factor atteot111& tbe l1te 
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of lol'8ll1D1tera lD tb. ..tUS!'1- lovi_ on tbe 

.tleota ~f .~l1nl', OB .. rlno or,aDi ... are avallab1e 

ln tbe worD of Robe~cm (1951), Moo%'O (1958), 

Ra.aDO and Sobl1epor (19~8), Blo01 (1960). Proseor 

and BrOlnl (1961). nono (1971) and 'ernberg and 

Vornbers (1972). 8",",41 •• 011 tbe ettoct. of .olintt, 

on foraaln1tero baft boon rep 01' to. D.v Braubaw (1961, 

1968), lJu_ (1~6ti). lfic,.ol and Norton (1969) and 

1fIlr :"., (197'). Chona'-'. in •• 1101 t, ~foct tbe ._oa1. 
01 _nOD tor.. It 16 aoueral11 888\&_4 tbat 

forall1w.tora aro i.otome w1 tb .ea "otor, ancl tb., are 

tberotore .880r1M4 o. ,01l£1108I1Otl0. Proal! w.tor 

.po01e. an b1poto.D1c to tbot .. e"vironen' an4 are 

"de£:orlt..ed .e ho_ioe.otl0. Drack1.b "otor tor. oan 

fall 1uto e1tber oa'.gor,_ 

As ro,arie tbe •• '\aulAe tora_n11era, _peol.6 

,ba, are re~\r1ote4 to .arlDe eon41tl~na are .t.n~ba11DO 

UUG otbon ,bat 1;010ro'e b.:; pa.aUne or bruck1eb "oter 

001&41 '1 one are 01U'lbal1S1e _ MaJ 01'1", of tor&ra1A1fera 

are believed to be) etcnobaline, 1.e. tbel w111 tolem"

Olll.r 8Wll1 obelJ&O& ot SG11D1t,. Onq a fe. apoc1oe 01' 

toramDifera are eurJ'boliD8 .. ~d tbo •• aro t:ND4 in the 
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••• arlM .IlY1ro~llt. !be -.101"1'1 of ..,,08011-

.,.01 •• lnolu4e ob1'inoua .ad 8111 .. ou. to ... an4 

,be •• aro a1Al¥ •• Dt1 .. cl t. 1 ... e11De ooDtits.o •• 

tb.1 ooour ranl¥ ln ,be unal .all .. "'.1'. 
0...... ill •• Ud '1 ~t •• , the tonal'l of 

.. 'er aa4 1'. 0 ... '10 .tto.' on ,be t.ra81nlt .... 

In low •• Un8 001141'10'" 'b •• ~ ebeU •• pro'08oau 

... aaabl. '0 mal.tela 'b. pe.~.op04lal retloulu. 

_ta140 ,be obeU. C._e'\lODt~' tbol 40 not 11 YO ln 

.",oe&11ne wa'ore. So •• 11D1'1 18 'be 110.' lmportant 

11111 t1111 ''''.1' 11l tu .ecu-n.e .t ,he tOhlld.D1tera 

lu 'be •• "-17. 

Aa p01nt04 0'" ., ... ral 0 i:aener8, tbe 

p8netratlgn 01 fOI't;)lI1r~itera lnto the oatWilrlllO oo.p18x 

1. 0 obaract.r,..'l. t •• tan .t 'be VG,1_. An 

int.ne'1ag f .. , 1' ... "111& ,be torG_nU.ral fawua lD 

tbo "'.81'1 1. tbe oeourreaoo ot auaeroua ".pt.tloaa 

la ,be ... ot l1t. of U1ma18 .t _rlae origil'l, wMob 

aur.1ye ,~ t .. l11to,. 'bolr 11fe la tbe eaaagiag 

.Dln_ut. Tbo cl1ttereat egoo10 •• bow yart1., .e&ftC8 

of MJ u.at.nt la ''''11' _lor.DOG lD tile laraald.ab 

on YirOAlll8Dt. 
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a&rr., ('9681») "'... ,be _Sbot of .... artD& 

"be ..... d .ol1uS, ooo"t'loD8 wlSb Sb. ooournDee 

of .,.cl •• as e&eb 1.a11" ID OD •• , .... !:.,_ Tbe 

forall1u11'.ra ,ba, baY. irmat., tb. Va.banad o.SlI&rl 

.b~ a 010111' pretere.a '0 •• ri.in ."lint'1 ooD41t1oue 

ID ,be pattarn of thelr 41.trlbu'lon ('a~le 6). Tbe 

fora.tD1tara iD ,be V •• baDe' •• tuarl 0" be '1y14a' lnto 

tour 1J"'D'l;l8 to1lowl1t8 ltuTGl (191') ba.a. Oil Sbo lon.' 

.aliD1S1 •• to .blob 'bel .~ ... 

1. SHalOM"" _riM fOrM. 8".noba11no _rino .geol •• 

bave re.'l"1c,\.4 'hoir ooo"rrenoe iD tiw barao",tb area 

8D4 are DO' 'ra_porte. 1."0 tbo .a"warl 1n Unq 

.oD41S1on. ~"re are ~ •• ~.noballne ..r1ne oaloareou.a 

.poo1.. wblob are traDepor'.. from "bo eou to tho barmou'b 

ot ,be •• tuarl (ata't1oD 1). 1'b .... , toraaln1tcra Uw 

onl¥ lA ,,80018S1011 w1'h b1&b .ul1n1", 0:.D41tloua aboft 

'()~.. !be to11ow111& epoel •• are 11101", ... 111 ,td. 
oaMaorl· 

A.bi.".,. 1 •• gp11 ". Orb1&DI 

E1pb1c11!.l! HR-DB- Tel'4lue. 

Elpb141U '"MlR'" •• "laD4 

Sp1ri111. !1J1P!D Ebnabeq 

llMor-Uga .cl1PEl!MD!l. 4' Orb1p.y 
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la,,11. D!N'tEl Brad, 

Pl"9tb1, alobyl!ril (d'orbl&Q1) 

ijAIOJEbl' .11'IOrpg1go14., (n.u..) 

:4!oor~18 Yl1arftboage a'Orb1gDl 

Jf,p1,.ll. *'11191 a.,bun an4 Appl1n 

CE1brononion 41119" .... 1". ;!tu·.4 •• 

tnPeSyliea ba1d1ggr11 4 t OrbigDl 

""U8£02l1• "11MB (Ponk) 

Qultllu.looyllDa 'O'pM 4 t OrbiPl 

t r1lo9Ul1D1 ,£lgariaal! "OrblSA1 

BolAns. D'._._ Cuabsuu 

2. _rlp! tOEM .\)10 '0 "lIM •• wall W!t.\lOM lp 

,oUr!1\l I ot 'be 21 .. loar.o\18 .pooioe reoordecl tro. 

,be .e'uarl 4 • peal.. ban a.ell.Sl.od " , .aUm '7 

of aOGUt 28" c • !bell' epeol.. 're 41,Sl'lbut04 1n 
' . 

.... Slone 1 So , .x,.u41Q1 t, a 41e1anoo ot 6 km fro. 

,be bar.tI'b. If .. 1.:>1.1'900. Ua1' of th ... 4 !peol •• 

,ecmI '0 be e11ghtlJ aurrower ,ban tbe o'ber .peol.s. 

The 8poelo, lnow4" lu ttu. c.togor1 are Qperoallpa 

&r!!m!loa8 Lel.rie, ~. goaplunat. (Detl"6oo.), ODOECUUMlle 

IMelee!! Carpentor and D1elorbl. orbioulari8 4·Orb~~. 
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,._10 6 Lowo." .GUll1t10. ln wb10b TanOWl .,eol •• 
of 11" forall1n1f.ra .OrG oolle,' •• fn_ 
'tbe V ...... 4 •• 'UR, 4u1. luq 197:5 -
J.uaa 1975 anel 'bo .. ,"" of .aliBi', 'ol.ra •• 
repor"' D, 41~t.rcn' a&&'UOZ'. 
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Aa baoul1., 41!1'a,. 
CWlbMn an Bl"oaai __ 8., IiIpoael1ne -

T!lt Yler1a !II19't~ 
rb1&D1 21.~ 1I¥p:)8Q1iD8 

.or_l _rlA. AlbalU 1978 

''''Blan. '011" ,. Ol'b1a1V 22.' Bona1 _1'1_ Alban1 1918 

!11 U.wll1lU! fuel! (~) &n,b w.'.r Pre.b wa'or Bol'oY!kol an4 
l17po •• 11ne lAtDa 1911 

fr •••• lptlaS! IIon\ape .re.b ""1'. 'n.b ."'1' 1910 
lI1p.aUne 

tEOOQaM1M 91'148 (Bra,,) 5.0 HIPoealino -
Q!a1!!iYo HS!6&i1l if,~S&-na 

·Orb1&D.r 16.0 tf¥poeal1ae Wr1ab' 1968 
lor_l _riM 

qulnsy.loOM1!" 't!t::.~ ".5 H,ypo.alll1O Murr., 197' 
Nor_1 8rlno 
H, peraQ line 

gy!Diyol2lY~DA -~lirD11 
4·tl'b18D1' 25.5 H'PO!a11D8 "'1'1"81 191' 

lor_l .ar!De 
HI'IMtl"OS 11_ 



S,.ol •• 

lon10!! baOlUM!. Hab 

NOM98 "'Rby' (Pi.b,.l 
ADel .011) 

EAR"'1,,! ori.p", (lillM) 

!lRb1'1y ... ~ ('lob,.l 
• Moll) 

2nD ",1! •• ,.",191' IAt,.ri. 
Open!!".. '0 •• ,' rano.) 

9""\111.118 '!l~Q&li 
Oarp.nter) 

Do11n¥ Ubil1. llan'Da 

Do\l'f1pp '!rl'lult cueu. 
»&.90£.1. orb19pt!'" 

• Orb1ga,) 

D18sort:la n,aoeo (4' orbl'D¥) 

H°Sel1. (A_P9la )~tt:nl 

72 

8&1101t, 

26.0 

24.0 

24.0 

24.0 

28.0 

28.0 

26.0 

20.0 

1~.,UJ'G ot '011-nt., '0101"8"" 

HIPoeuUDe Por'1 an4 
lIor_l arlDe Boettpr 1 '167 

Bor_1 _rine M&arraJ 197' 

U'l'oeol1_ Al_DJ. 1978 
Bor_l..n.n. 

ll¥poeal1aae »Ilrr., 1973 
.or.ll81 _rl-
lI,pe1'8'11ne 

IIspoa.11.. Yurr., 1973 
NOlWl1 .ariDe 
RypereaU110 

H¥p.a11ne Alun1 1978 
Rormal _r1ne 
H¥pore",U_ 

lor_l ann. LeTI 1971 
HI peraaU .. 

ltor_1 .-r1nG -
Bor.al _rt_ -
Nor.l .-rine -
Normal aria. Muft'OJ 197' 

Nt)rilul _rAn. -
Normal _rl_ -
Hypoaallno Your ra, 1:i13 
;.J orJDGl .arin. 
B'pGl"IIolln. 
N;>rma1 .rill' 
Normal _rint~., 1973 
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,. lt4.n',lr nubal1M r,,., 11111 •• 1oaraoa 

.. riA' .,..1.. are "pl.,l ~ballae foraa .bl,b 

00.'1"". 'h. lIIp.nan' atcran- troll ,be .. a '0 
•• '",ar,. fb.¥ are "c11_,\1 .. , '0 , •• lim', .. low 

.. 2'~c. ,..... pool.. aft DOWI' to". pone'ra'lag 

.,onA .,,'lon 6, l' D tro. 'b. barao,,'b. ,be 

tol1owlng .peol •• are lnolu404 ill 'h1. areMlp. 

Qyj.""lOCHl11. kl.0rS. 4'Orblgrl1, g. Wlu'lD8n8 

.'OrbiSDI, tnlocull. !bllK' "'ontop', Non1;m 

,oapby_ Pl"bSel anu Moll, 1. -Wo ••• Ha4" 1~11Y1ga 

QObil1. Han'kon. 2,. ,t,1aluM Cu.bman, B9u11 ••• lear 

4'OrblbDl ond Di.cor_i, roaaoo' 4'OrblgQf. 

4. !flabk "liE' 'Hlballp' f01W1 E1&bt .~ool •• are 

to\lu4 '0 o.oaE ln ~e par' ot tu • • t_erl w1th • low 

'01.1.111 V of & 00'" 24~... 2U Jaa (.'a'tlon 9) fl"o. ,be 

bal'llOll'b. 1'b., art ,,"'My.looM»" !!.DIllum '. UDl~', 

NOSH .1,,91 4' OrblgD1. ~)&Rb141!l1 Ir1. W! (IJ.on.), 

~. aiD.' Cub .. , I .• ,.llw! licbtcl au4 Moll, 

1. 'ro'1os1a'MI Pl.b,.l ana Moll, 01b191d" i9b!t"\MI 
Walker GAt lae)b 8Ad AMn1e l!!Hu1.i (L1uae). Of 

'h.t" a apeol •• A, "lO,nl, tbo -Jor 1Dbab1'ant Of 

,bo o:>o'\1aent.al abelt re&ion of 'or,la le tOQrl4 to 
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pe_trato 1".1'4. aad per.leo tapto • 41_ ... ot 

" u fro- 'be bar_u'b (a'.'10D 11) lD a.l1nl '7 .. 

low Aa 19.5"<0. I' le t .... n.'oel ,bat tbl •• ,.01 •• 

41ften tro- all .'bon lD ,bat 1a 'lb ••• ' .... la. 

oonditione i' ,08.0£ ••• a r1a14 &reas.eo .. per1pla., 

tor tr1 tba'.D41na tbe .... re. oDYlro~Q_l 001141 Uoua 

1n tbe .. tuarl. 1fbil. tbe 1 epeoloe luhul •• iD tbl. 

eetaaor, ... true ourlbal1Da ff)n., A. "',.e£11 

ie ouZ7baUne ea _11 81; ..,pMe 11ne in ,be area. 

Vurral (191') alao b .. oo.ua14er.c1 A. "',oarll .. 

our.vhall.Dt) ano b¥poeaUne. '1be 1l1abl.r tQlorant 

eurybal1w:a 8ptol0. in ,be •• tWJr, are -.et onon 

encountoR4 a. true _tWlr1no forat. 

aasardine ,be DQlln.i" tolerallOo of obi '1~U 

anu. lilJ.octw. epeo1 •• 1n ,be .. tuCII"I all ~t 'bom .re 

.",rlba11oo rora. 'rbo¥ on.. tolerat. lower •• 1101", 

aome pere1.tlug onn 10 fnab _t.r ooD41'1~ne. '-'be 

ohi t18O*18 and .1110eou8 epeeio. aleo obow .arlou 

a.ap,.tlona in 'beir ~4e at l1~o in tbo •• tuarl. 

~111p"'na ""a (Dncll) on" S ...... D8 a •• ri.e art 

tf)Un4 o •• ooiat .. with 'bo froab wat.r eu4 of the 

.a'uar1 .boro tu. afaUni tl 1. be low 15"e. Tb... two 
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.,.01 •• wh1eb p.t.r low .0 l1nl '6 001141'10_ a ... 

per_nen' iDbab1'onte ot ,be "pp.r .114 ot 'bo •• 'warl. 

bttbacu491 iltle'. Won'opo, 'be do_nwl' .pool .. ln 'bo 

1I1441e relioll ot ,be •• 'uarl prclon a _41". aQUat." ot 

about " '0 2~u. ~b. re_1D1. obi. tiDoua a .. a111000\18 

.,.01.0 an cl1.tJ1.'-'o4 ln 'bo ai.418 ancl "pper parte 

ot 'bo _'IIU', in aal1ni', eoD4it1oaa below 2~c._ 

Tb.o. tor. are tound ranlJ lD ,be bigb .011no OODd1 tlOll 

01 ,be 1 ... 1' pan of 'no o.'ar, _ W'ben Go.pareel ,:> tbe 

oaloareoua .pool •• , eb1t1noua and al110.'" forma aro 

tbo Vue brooJd.ab wat.r foroll1D1fora .bleb. we ea,.b10 

of 8'lrYiY1ac tbo .148 fluowaUona of .alin1 V 1n tbe 

!be 41a'rl-'tlon ot toraaln1fora 1n 'be Ve.bans4 

.. '",er, ano.a ,bat ,be "Jor1', of 'bo oaloareoua apeel •• 

toWJA ill ~ 03 .. ,.1 wa'ol'8 are .tonobeline anA 'be~ ooc"r 

0Ill¥ 1n BOrMl .-rine oon41'10na. Se. Cl1arlbGUno an4 

av,_aU- apecl .. ar8 to ... 04 '0 pOQ(."ra'. 1~~'0 tbe o.t".rl 

aD4 a\ln1 •• 'bore_ !he suddon doore ... 1n 'lb. aolim', 

In ,ha ."'arl ... oo.oquonoo of tree.ator tlow 

4uriDC tbo .onaOOD period, k1118 'be ool08roou •• ",r,ba11ao 

~or __ 4 onl¥ tbe ob1t1n~ue aud. 81110.ou. b¥p~uliue 

l!I peolce f!!IlrYi Ye_ 
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PHaolD' &11"1 
48 .bona ln .1C. , 418ao1 .. 4 OX¥aen abowa 41.'lae' 

•• aaona1 tlu.'uatlO1l8. DRriD6 tbe aoutn .. at aOUOGB 

h1ab T8~.a of 418.01 ••• 0&1100 (5.7-6.4 alI1) are 

reGord.d. Dl.ao1.,. • ."eA 00._ clown '0 a lI1D1._ ot 

'.2 alI1 1n Sep' •• bar Aoar 'b. bar.oa'u. n.la'lvelJ 

b1&b ",.0 oODWa' 111 'bo prO-IIOD800D a.aaon mal be 4ue 

to .. Do lD.o~.ocl pao'oaIAtbetl! proo.... 'rbG u.ual 
• 

lnnrIM rel.'1o.b1p 80"·, en 41alt1 01vecl 0Xliau and a.11n1 '1 

le olao 110'04. 

,be aY81lab111', of 418001 .. 4 QXIcan for repro4\lotloo 

la ooualaan' .. o. of tbe 1.,0.:·'6 ..... ' OOOlO&1eal Jac'on 

.blob oontl'oU tbe fora1l1A1tenl proAuo'lT1t¥ ln an area 

(Lee 1914). I .. baa Mea aaea .. to' ,bat tho lower 11111.\ 

'olere".' 07 aat forGll1D1tora 1. 1-2 111/1 318eI~. Tho¥ 

40 Dot 11.,.0 ln UOXl •• Dio oowl1 '10.. '&0001"4111& '0 

nra4abaw (1968) 41 •• 01n4 -, .. n la not .ou1der.4 .a a 

11111'1. ,., .. tor 'b ... ,,, .ttoneD11era. oa,.on 

000"0' ot 'be bo".. wa'or la tbe pr.aent lUY .... lgatlon 

ar •• 40ee u, .oe. to a.' ... 11111'1 ... f.tor •• r •• arda 

,be 000U1"I'fU.O ot ,be.. .r,aD1 ••• 

A reTi_ .t ,be _atblt .,.alaa.. ab.. ,bat b1gber 

.,..1\1 •• of p!; are _re fOToLlrabl. tor b1gh .on.entration 
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ot tora_n1tcra. In "bo BraG sander 111"a'18a'1 aD tbe 

pH la 8II1nta1ae4 al_UnG durlD& 'be pre-moaooD 04 

,oa' __ OOD perlo4e. Tbe hJdro.en 10n .0.eD'ra'lGB 

ln ,be _l18;)On ,.:'104 18 1_ and. l' ooiu14oa witb ,bet 

lowea' oouoan'ratlon ot ob1tlDGUa and .iliooou. apeel •• 

on4 'be ooapl.'. a.eooe ot Ot! leareOWl .pool.a. 

~r~ (197') baa ShOWD ,ba, 'bo r~QIe of ,H tro. 7.5 to 

0.' la ,e"8ra1i¥ fOlln4 u •• optab10 tor marl_ 081081'00\18 

torall1D1fora. A l ... n.q ot pH below 'rlll1 rODeo -1 

oa .. o ,be Ue.olu'lon ot ,be ,..... la, l' boa beOD 

aUII •• tet 'bot 'bi. tl •• 0~'1~n of ,be 'ea'. of 'bo 

l1Y1"" apool __ .... 80t bar. 'be aa1_1 " ••••• 110 • 

• belle are ••• ret .. bT 'be aulnlAla on returD ,~ tbe 

taYOUr801e, _rct 81_11_ oonei'lone. Bol,oftkO, (1964) 

ao'l •• ' 'bo ae.'b of Galoareoua toro.tD1fero in pH of 

',.0. In 'be are!'au4er .'u&, fro. JIIlt '0 Sopwaber all 

_leare.. tor. per1ail wb.n 'be pll Deoo.. low. f... iD 

'ilG ' •• "l1a4 "~817 pU 18 OM ot ,be t •• ton ,bat lDtluenoe 

'QO 41.'rlbutlon .t torud.n1t ..... 

NUr1·,,,· 
,a. bea'bio ol' •• n18 _ are cl. peDAen' on ,be 

tor'111 'l:)t 'be ... rJ.tina wu'er tor 'bolr to04 .",pl1. 
anA t .. 'ora wb10b oon'l"-;;l ,be pb.y'O,1aa.lnOD popula'loD 

in -IV a"GO are l1~ol¥ '0 baw 8Il 1n41reo' influenco OD 
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,be .DuD..... of tbe: belltb10 tawaa. 'M" 1. 

ooaal4.rable .y140noo tor .... a1DC ,bat tbe aMtr10n' 

00DOon'ro'1cm ., be a 11 Id. '1 ... ta.'or lD ,be plaDkton 

proi".tlO1l (bore J1.1l. '952, 18 __ ' ban, 1970, 

IUrral. 197'). !ho obaQl •• 111 tbe ,bltoplank,oD 

oouoontratloD .. , lnfluence tbe bentbio foramlD1teral 

poP'llatloD ln au area (MIlrr." 1973). It_aa'ban (1970) 

toun4 ,bat 111 ,_ 'ollar .8 WU7 tbe .U10il_D.' of tho 

foraa1ll1tal"al pOpllla'tloll 1. ogrnlat.4 with b1gb pb3t~plan":'Q 

Dl"04uo'lon. 

The priar1 pl"04&aotioa. yel"o. r.,orto4 from the 

Coohin bae_a'en bl Quim.!1 U (1969) Bbow tbe cla1i.J 

Br0ll8 pr04uotlon •• 0.' '0 1.5 .0/.2• 4.111 ut 

pr04~o'ioD a. 0." '0 0.88 .0/.2 and 24 bour .. t 

pr04uct10n •• 0.12 '0 0.58 &0/.2 • ~bo~. yoluoa al.ar~ 

lo410at. ,bat tbo &roa 1. ~&bll produotivo • 

.. tri.nt. OOIl1DC fro. 'be r1 ftn ., be ut1U.04 

b, pbJ'oplonJtton "biob 111 'arl .••• ~ •• to04 tor otber 

ora-la.. ro tbere 18 ro1aUo_olp 1»'-08n DIlUi.en'. 

ancl pbo'H,n'.'lo plankton whiob ton 'b. t:>04 ot 

f;)raa1D1tcra. 
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,be .la'r1~tl0. ot ~o28.1u1t.ra ln relation to 

tbe ." .. ;0"1'8" bao MOll _.4104 DI ftriou autbo%'8 

(Leobllob an4 '.,pan. 115', Belter, 1959, ~.44, 1961, 

!Q4d and Law '967,'71. R ... aa'baD, 1969, 1970, 1975, 

'a4Dn~ ~14 Rao, 1970, Marra,. 197' and AlbaDl, 1978). 

80_ woran be," e.t.bl1.abeci a oorrelatlon bet .. eD tbe 

t~J"(uI41U.fC)ral tllaoa aM ,be l·"blt1trato, tut.~ ot40n 

tall •• ,~ Alsooy.r ea, relatloaablp between tbo __ 0. 

III ,be pruen' atll4, tOI'OId.D1tera ap pear to be 4irootlT 

relate4 to tbo .u"'"'. obareoteri.'1... Aec~r41D1 

to Logol:..ob auu 'oppan (19") tbe .ba. uctor of 'be 

botto. 18 'bo II08t laponut ta.'or lA ,tae 4l.trlb\at1on 

of foraaiD1ten. ,_, .buye npono. ,ba, _dq 8uoatra'e 

.Oll'.tu t ... r tora"'D1~o", ,nbalt17 MO ... ot lack 

of oxtpn, tor '&0. cleo.,l.,. or,shl0 _''-r OOOln.l._ 

'bet ."'pplT ot OZI,eD. Wbem ,be _4 18 lI1xocl wlt~ 86_ 

'be toreld.D1tol'81 pOP'llatlou looroaaoe, tor Ilere the 

bo'oro.oaeoua bot'o. allow8 abettor auppll ot ""OA 

•• tbat mADI toraaln1toftl ore preaeAt_ Leo (1974) 

atudl04 'bo oorrolatlon between 'bO f~roatn1tera an4 

'bc Doture of the Hlbatra'. in tbo M1.~lOD na, Marah, 
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om,.. ). MDW" ~1.;l!I'l!oyla ••• 111991" .. 

fro'H. M WlaS' !llld 'Mp_M,. .119,a1. 
are oonola,,,t witb a .... l1t ... 1&7 ,,,bBtrat.. Pbleaer (1970) 

'~;,'.'o' ,ba, Aaop.18 6110£11:. I:lp"41". a4n .... 
Qy199yelo'Y11M ,.,1EW, &n4 'lj?o!,wm.' M 19t1eM are 00..00. 

ln flaD .1'81 .... 1.. a.41_a' 1I1z.4 wi 'b .la.J. .4ooorU. 

'0 11coola a. ~111aon (19t.7) who .t"dl.. 'bo tQJ"ald.a1tcra 

of tbe !iaP ..... DD~lt .,twar1 111 Bonb.m VlrglD1a. an 

adMix"," ot a .. au4 .t ba •• 'rJ nob t~r8.1n1t.n1 

ta..wa. f,ild.lar re8,,1" ba •• HOll "POnO(1 1», hrra, (1968b) 

wbo .... ked on tbo tol"8ll1a1t.... t~. tbe .,turino 

.u.Y1rOu.enU. aaa ... tban (1969, 1975) wbo worko4 OD. the 

tOI"Clad.ll1fora 01 the y.ller .,tual7 tlaooYol'04 tbat pvo 

.la, '1' pure 88A4 8"pport tbe 1IlD1__ maber ~ loraaa1D1f'oral 

taWJA anll 811V-018,., .... 04 ,1Y. 'be aDZ.i.w. p;)pu1oUon. 

"001'41. '0 b1", .la,o, .. au.4 .".'rut. alao 81 fta • ta1rll 

nob tawaa. Bao (1968) wbo a1u4104 the fol"llll1nlt.ra .f 

'b. CkaU .f Oaab., aucg_'" 'bot wh.re the •• 4i.nt la 

""41 'b. fauna 1, .x're_lI poor. Rao 8u4 aa. (1914) 

who .... k.4 'Il tb. torall1alt.n fr .. the Ob1punpa1l! 

atrena bay. n.' G.~abli,bed ~ Bp.oltia eor.relatloA 

be"on toraldJ.;.1ten am" bo'toa aeU_ut. Bro~k8 (1967) 
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"' .... 4 ,bat ,be .,ocl0. ''"918 .. ,,1£11.. [',lpb141 • 

• n."'1& eaa J. ,4D,' .bow 11"1 ... ba'ra'. 'I'.t.ft_o. 
tIl ••• 41.D' •• .,le 1'roa .ta'lon, 1,4.7,10,15 ... 

11 w1 'b .,..,., .a ...... ".r' the -nUWI tOl"8ld.a1tor.l 

'01*1&'10n w1 'b ,be .orre.pou41aa .alu. of 65. 4', ,6, 74, 18 

an4 80, 'p.ol._ ",peo'1:"1I. 'b. 1 ... , aIIOWl' ot .11' 

(10 '0 25.) 18 fOWl. at "be ••• ,-tlou. Sa.,l •• tro. 

atatioaa 2",8,9 aD4 14 wh.re 'b. ,.xture 1. eal~"11'-ola, 

'ipe .lao ba. nob tOr8111D1tOl'Dl tauaa. '1'bc Dllllber ot 

.p •• l.oua at tb •• a .ta'loDe are )4"a,48," aDd 42 

".pe.'1.'1l. ~ tu.but y.1ue of .1a, ,ou"ut 1. "e • 

... • ta'loa. , aut i au4 .. b1a 811", ... 18,. .abatrat. li.148 

"I'J POOl" taara iD ,be u tu~... of ,,'01 ... a" .,eol_ne. 

!be DUaD.r ot .pool_na ., ..... e .... '10_ are 8 aDd 14 

n.,.oUY01.y. !be blab .. , y&1",. ot 2'" an4 ~ ot ell, 

.on' •• ' 1. towul a' tbe ••• ,.'10M. Tbe b1p •• , 

pereontua" of .ana oeeur ., .tatloae 12 an4 " and 'bl • 

• 806,. .abalrate 'G,porta ,be 1.8.' toro.tu1t.ral 

8tan41. oro, wit" ,be .. 111 •• 8 eAd 12 reapecri1Y'lJ_ 

!bIl. tile ,baraot.r et 'h. bo"oa ''''.'l'8te ',pe&re 

'0 bay, • ooua14,nbl • • tt'.,\ cm .. be foru.1D1foral tau_ 

inhabltlng tbo 'fta. !be b16be.' yaluo of llY1ag 

popala'tlou 1. to'ln4 ln 100011'10. wbore tb. bot';)1D 1. 
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W'ltb 11_ 'to .etiu .8D4, .b.d. wl'b low ,.nen"'Ce 

o~ _4. Wbere tbe pereolltl:.g. .f .ad 1I'lOro •••• abcrn 

4~ 'be torallln1teI"D1 popalaUon 4_"a ... a. a.caNine 
tbe ell' oon",ont, loraa1n1tera U'O __ r10.1l¥ low 111 

tbe 100611 tl ... bon tbe bot.'om ae41J1h,;u' 18 .1 'tb b1gb 

penontaco of .1lt. ~oo.l1 tl ••• 1 tb ooan. .and 40poe1' 

al.o baYG ro1o'1'"1I 1 •••• 1' DWlbor of toraala1lcra. la 

.o .. rel aro .. wi tb olaJo, .8l14 or ean4 ... 11, ... la, ,1014 

..a1B1. torall1rd.f.ral p;),,,latloa. I' 18 poe.l_le 'ba' 

tbe .all1xtl&r. of aaD4 an4 ala, 80ell_D' -, _ko tbe 

.u.b8t.ru'. 10 •• ooapeot aa4 ,tu. pa&1aa ot tbe .0U_llt 

lL fOWld. tayoura.,l" '0 tb.. ooourl'Onoo ot fonullDllcra. 

Sllt1 ala, .U'PO"8 'bo le .. ' pOpalatlO1h 'l'be aoarolv 

Of forold.nit.re in 'bo .u,al e&abevata ., be dYe to tbo 

40011 •• 0 of ox, .. n 0 ..... 4 b1 b"Mri81 4000.,081 'lon 111 

tbe ana. Bat in tbe pre •• nt • .., ao .pec1t!0 oorrelatlon 

00,,14 be oe,.bllabe4 "' •• Oll tbo o.1ctarewa fora_mtoN 

aDd 'be .uncil ftbetrot. bOoa.o 'be 418'ribU'10n ot 

tbo •• tor.- 1. l1ai.4 to 'be l •• r halt .t tbo b warl 

whore tboro 1. DO pure .aD&i7 e"bet..... l'or tbe ob1 'lDOU 

aael 8111000u tor. the oorrelation ... en tbe populatloll 

aACl tbe aat"re 01 'tU. 8U" 're'o 1. ent.B'. 
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In ... Y .... u4 •• 'url tboqb tbe U ft.. 
feroa1alf ... l ,o.,.alation abow oOl'Nla'1on with ,be 

•• ba'ra'., l' Minll refleo •• tb8 pattern of tbe ."iter 

eharG.'oriatl.. preftll1ns 11l 'b. ana. '-oorti. '0 

Albon1 (1918) •• 11l11t, IUlCl a041_u' ',po are tho "'0 

.at 1.por\an' .bar.atorie'l •• 11l 'b~ 41.,g_tloo .f 

foftud.Il1:tera. In tho e... of .01101 'T 1 t YUi. •• 

.... o&lAll¥ &IlQ aoocra,b1aallJ, GA4 .o.equent1.v 'boao 

•• 010&10a1 Yar1at1ona lD ,be lake a~ refleo'04 In tho 

occarreDOe aa4 cU.8'ri.butl~n of tb. l1Tlng bontbio 

foro_D1t.re. In 'be p,..o •• t area, a. , .. ooourrono. 

of fora.1D1tora 1. ~ob dopau4out OD 'bo bobaY1~ of 

'be wo'or obarDOter1a'ice, tbe •• cll~,&t obarac'eru'la 

la 0813 a aoooa4 -3 or t •• '.r ln tbe 41atrtbta,101l of 

lora81A1fera. 

O£ppl0 .',,1' 1e ,be .e41_n'. 
Ozopnio ooaten' in ,be a.cl1-.ot of tbe 1"""1&8t10n 

ana Y8r1 •• fro. 0.9". (.,.t1_ 12) to 2.21i (a .. tion 6) 

1>1 weigbt ot u¥ 1lI04111ODt. It la rolat1YCt1¥ hicb In tbe 

area 4~rlll& tbo pra-aoaaoon ,.rio4 'bao ln 'be other 

.088008 • Tb. pb¥.loal .barocteri.'10. of 'be •• 41_11' 

lntluenoe tbe ___ lat10n fd orgM1o _"er ill ,_ 

•• 41meD'. It 18 .eon 'bat ell', 018, .. ti_n'. lwTe 

b1gher oOD'en' of orlonl0 _'to:r- .u1io •• 41a;Atnta .. i tb 
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b1gber .anI. oon'e,,' ban 1 ••• oqaruo _tt.r oonH"t. 

i~re_ wl'b .ru:a4 .... 11 ... 1.' ae41_n'\a alao ba.e a ... 1.'1"11 
blab proponloD ot 01"1.010 _"er. Dle bigb penen ..... 

of oraaD1c oont.llt ln 'be fue cra1ne4 e841men' ., M 

atvlbut.cl 1io tbe laD4 tu._ .eoola_4 wltl1 ,be 4.'r1tal 

•• 41_u' brouaht ln to 'bo oo'.ar1 _, riftn. Du' bow 

JI.lcb of ,be orlanl0 _".1" le nad.l1, ut,lUzable by 

th ••• ld..roOl"aan1e. 18 BO' mOlnl. 
l?!p'b. 

Tbe ,.,th ot 'bo area under l~.1i1 .. tlon .ar1e. 

from 1.5 '0 a JI and tile cloptbe a' tbe 41ft.ron' .'.'lou 

an eb~~ ln Table 1. S"'tl0D 1 1. 'be .... .,.8' awl tb. 

eta •. loaa 14 an4 " are 1ibo .bull_est. itptb 1. 1nfl\1-

enoocl tt¥ '14.£ and tlo. GUd. ,be 41ttereo.o.. cl"e to 

tb •• o taa'Ort4 Ta rl from 1 to 2 a. :i-'" para.'.ra llk. 

bJ.~l.pb10 proee,,". l1cb' peDetratio .. , • .,.ra~", 

pll, OZIpn oontent oto. an rele'.4. to cleptb. Tt.o •• r 

the.,. para_ten ott.ot oal¥ 1n cl •• per .ro... Z.ob11eb 

ana '.,pan (195') ban sbown 'but ".pth 18 of .0 .. 

lmport8llOG in tho d18tribUtlon ot torall1nltora in 'be 
d •• per 81'000 of 'be •••• P'umloll (1967) bee p~1nto4 

:)u1i that ln sballow nten, 4eptb 18 proNoll not a 

UIl;. 't1UC ~a.tor f~r tbo d1etrl but1 ou of tor.II1D1~er •• 

~'oc~rcUDC to !illrr81 (191') lnd1 Y14u.l epool.. ot 

foraa1Dl~era d~e Dot appear to be oontroll.d diroe"l, 
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It, 4ep'b aloDe. la t_ etu, area wbere 'b. '.ptb 

yarla'lo .. are too 11 Id. wi, 'bo 41atrl""'lon ot 

ton_D1t.nl POP'liatl0ll, ata'10n-.l.8 400. not .b_ 

8DI relatlo .. blp witb "ptb. 

Tbe ren. pi "n1 rll" 

Sp'918, to_gagg. an4 n1t»" apatD"1 

Walt,n (1964) iutrod ... 4 tb ... 'boci of .pool •• 

40&1100110' of fona1n1fora .blob be 4.tl... oa tb. 

peroen-.. MO'IU"I'8Il'. ot 'be ma' .0_01l .,..1" in a 

tOI'Da1ll1toral poP"laUon. A •• mlna '0 ta1a b1ablt 

ftriablo onnl"OWll •• ta are 40111.-, ... at, tew a,..l •• 

wben_ .t_ttle .DT1ron.enta are .bare.ton.ri bl ..., 

apeol... Tbo _riDe 0114 of ,be , •• ttar144 •• ....., 1. 

obarao'.rls.4 b, tba prea~noe of ..., apeol •• where .. 

'be fra.b wator BODe 1. lDbab1ted 01 onll ate •• peol •• 

wblob ooour ln large •• b.n. S,..l,a AOa1D8DO. 1. 

alw.,. oODUoUe' b, ,be al •• r of • pe.le. la an 

..... bID ••• ,be _re .pool •• proa.nt. tbe l_r 1. ,be 

poroon"... ooourftnoe of .8ob • pe 01 ••• 

tb. 41.trttMa'l0D0l pa'terD ot tol'DlllD1t.ra iD ,be 

' •• ~ld 88'tWlrI' abowa ,bat ,be ,na' .. ' a_olut. 

oblan4an .. ot o.na1n .pool •• 18 tOtanG 1D .0_ are .. 
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whllo tbe areat.a' rotatl" a ..... e ot .. naln 

oth.r .pool0. (aa ,.ro.n.... of total , • .-la'loa) 

la rCMluci 1a othor an... 'bb la'l,.-tiDal •• '"P'l" 

of .pecl ...... to _e .... Oil tbelr 'olera .... 

capaal',.. mm 'be bar..utb 'OW8J'4a ,he In'.l'1or 

'ben 1. cl.ore... of "b. o~lo ... o\18 .PH10. ad ' .. aft. 

"be treab "aWl' eD4 'bere le lnonaa. of 'be eb1tlno .. 

aDd 81 U •• OWI epeol ... 

,be "la"1 ... a.D4u.. ot -nr1 ou .pool.. 11l 

tbe ana "1"1. tn. two ,.ura ebow ••• 0001 _ratlo_. 

!he bigb abaolll'. abw1tan.. "'1'1. "be pre ___ o_ 

penod dto •• tbe .orr •• poD41ac "latl •• a"o •• of 

.,..lof".. .,bo rola'l.o abUt .... In tbo _W100ll 8011'. 

la 1 ••• wb11. ,be ,tb.r two ••• on. abow higher 

tonult.oit.ral oo ... ntr.'101& aD4 larpr ._Hr ot .,.ol.e. 
,be clia'rltu"1oD pattern ft .. ala •• te.", 1110"_0 lD 

tbiD __ ber of opecl •• lD 'b. -.r1M 0114 Iro. ,be poet-

110_0011 IIOJl"b8 '0 ,be 8Onaoon .,nttaa. 

SlUDO all ,be a,eol.. are DO' .qual~ tl.'rlDu' •• 

'brouabcN" tbo .'U8I"1 ,be torca1Jl1foftl ".o_laae 

oan be clUtorent!.'." lll'o tour ,roupe. b.... OD ,_ 

"la'l vo aDwi.clunoo ot £ peol.e ln 'the 100al1 "1- CJr:Np 1 

lnolud •• epeal0. tbat are a*n4aD'. torll1. 1101'0 tban 
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6~ 01 tbo '0\.81 lnd.1Y1clwa18. at 1 ... , taarlD& arq 

.oa'h 11l All ,oar. fuia &I'OUp 00.pr1 •• , areat.r par' 

of ,be ,.,'.1 toraalDl1'1"81 populatlon 10 tbe ana, 

.apeolalll 'u1ua 'be ,::re-_oon per104. A_Bi. 

beg.ri1, 'truMp. lnflftt., SUo.M f.9. aDd 

'Moa"M 'RMln,. are 'b ... , alMltMlWl' apeol ••• 

Group 2 oon.l.ta of speol.£ 'ba' are of OOaGa ooourrctnoe 

ana .ach 90 .. '1 t". 2o-iO' ot 'b. total po",10'10n. 

'U oo..,n apeol., are k'I""'pe Il1t1cl!. Qg1Q9u.100,UM 

•••• lull. 9. !U"Rrpi" H1Pbidly. or1.pu and L. af.! ••• 

uU1M'1._, f:l.Pb1419 Ir,'1'yk"!, lop! ig "9uoo.It 

11 •• 1ooS, Rolin •• ,naBle. BO'till, "loar. D1.!o£b18 

ma". an4 21 bl.14'1 It,,,.lg.. Tbo.. epocl.. ar. 

o"'son,.a. 1nto ,be ,rel "ro"" wbiob .008t1'1I''. 5-2~ 

of ,be t".l pop"lot1on. Tb. epGel_ luohul.cl in 'b1a 

IroaaP ban a ra'ber bapbaaari OOOUlTeDOO iD. 'bo area. 

!b. roaaa1D1UC 1, • peolee ,bat are towut J:GI'Gll aDd wbo •• 

OODOGn'rat1oDl, are laa~ ,ban 5~ ot tb. 'otal populatlon 

are incluoo' 1n ,bD "b ,EOap. C'rtain 0.1 •• £.0\18 .pe01 •• 

of 'bl. "rcup are ooDflD84 '0 the an_ SOI1C aa4 

oer'aiD Obt.'iDO". apeoi •• are Goat1 ... cl t:. tbe tr •• b _ttl' 

.0Ae of ,be •• '''Ill',. 
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A eOaY.ateD' .... 1. ot olaaslt1ea'loD of GD1mola 

11T111& ln 8A .IlY1I"on_nt ot ... r1.blo f •• 'Ufte 11_ 

'be t.zoaok1.b .a ... 1 ........ , to •• t1_'. ,be 

.eoloaloa1 41 ... 181008 .f tbe area. ..a, a.'bore baTe 

.l.aa.if1.4 8U'1baliAO 8&1_18 into 41ft. reil' aroupe, 

bUo' on ,Ile 1 ... , • .slim ... '0 .blob 'b. .arluo aui_l. 

pGno'ro,. an. aUJ"V1".. Roel ••• (1922, 19") ..... ,.ct 
a .1 ... lf10ation of tbo braoki.b wator ouiaala lnto 

~U.oballne. _.~ballne AIlt polTbal1no Bl"Otlpaa ,be 

t1n', o11,oballoo ropre.on'tioa the 10.' .a11De 

reglon aclJoln1ua 'be treab ... tcar, ,be •• ooael. _aobsll_ 

reCloll forai-. tbo 81441. aoOG of tbo .~'uar.r anc1 'bo 

leat pollbaUDe rOt; 1 Oil .oDDCJotlag 'bo •• tuRl In'o 'bo 

•••• U. pOinte4 ou' tba' 'beac .1ftonno.. 1n 'bo 

aDlill1 '1 are "tloo'.d in tbe 00.,081 t1311 of 'ue fauna. 

r ... cl 011 ,be Tar10". blo'ope" abown a bOYO tbo. 

V •• baDA4 •• 'UArl oan be 41T14.' lu'o , 41ft .... nt .one. -

tbe 1 ... , pan .onnecto' witb ••• , an lIi>.l4tr part 

.ub~.0'.4 to the .. at •• , tr •• b _'er lDtl .. euoo &Dd 'be 

1Il'<ilA part lu "t .. en 'bo two. In ,be lowor part tbo 

.,., Goal DAD' .pool •• 1. A_SI 1!!00!!1.1. ,.rio .. 

• ,..10' beloQliOC '0 'boo faalll lota1114ae. lon1on14ne 
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aQ4 Ill10114ae are tbe otbor o~aaon fora. ln tbe 

anu. !be lower "ache. of tbe •• ""ar, oan be 

00_lu1'04 •• tbe pollballD.8 re.loae .... ,par 

pa~ of tbe ea'uarl ... re ~1118"1ga tyaca and 

S'"-,, M aPbe.r1I. lnbabl. 111 abtmtaat ... ben 

01111 De aoul'ere' a. 'be 011.0balino "&1011 ot ,be 

.. a'ur,_ ~be _oba11. "&1.01& or 'b .. 1I14cll. pan 

01' "'"be e.'IlU'I 1. 40ll1na'ed ., 'ERsbe,DD !!!flat •• 

'biB 1. 'be aOM wbere tbe treeb .. ter tor. .f "be 
"pper reaob.. an4 ~ _rioe tor. ot tbe lower 

reaohea .e.. In tho pro.ent lUYHt1ptloa area 'be 

41y1alon ot tbe 'DnG ",1ou. "'01'41. '0 Ra'_.'. 

_tbot G8lmot " .tr1otll' tollowe4, .1noo 'bo euddeD 

outbreak of the .onaoon t100t wOQ16 reBul' in qulok 

abaQSe. tro. ,be pol,bal1ne '0 oligoballao .on41'1~ua. 

So 4eaaroatloua of 'be 8D1~1 ooamun1'1 exclua1YO~ 

on aaUDitl bUl. 1. DO' .'1'10'11 ap .. Uco'ble 1n 'be 

ana &b&rlnc t be IIODaOO8 .... 0».. 

In ,be preaor.' .'u4¥ ,be '0.118 of the 

DQ .. rloal 4eoal'l ot 10ra8iuitera a' 411terent 

.'.'1008 .bow 'bot ao ... elootod .pool0. are 4~.laan' 

,.,1 'biD ,be oo_nai:'I. 'rbo 4 4oll1nau' 8pecl08, •• oh 
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00.'1 _UDe 20-,0 per .. a' ot ,be ,.tal t.uaa 

at 41ff.reA' , •• t1oaa are AEOB1. be •• ml, 1111.,.,. 

tu.oa, sHoe"'M 'Rba,n,. antS 'n.bD8I1ga lptle' •• 

As "aarte 1. &n'l,'. 1 t. aaaJ.aa O'OtU"ftDOl 1. tound 

to b. 60.nd '5 por ,.at ot 'be total Ooa.uDitl-" 

.tat1oua 10 &Del 11 reapCto'l .... 1J. A' .tatloD8 1;!, 13 

aDd 14, 50-60 per .on' ot tbo to,.l faUDS are 00Dl'1-

,,,,,, bl .l. 'ueo. ana ., .'a~1o_ " '0 15, 20 '0 25 

per .ent of 'bG fGUD8 1. 101".4 '1 S1,. "been ••• 
1:,. bel,II1.1, 'b .... , 4081au' .pool0. ln tb. low.r 

reaobe. of ,be .,taar, .DOW. ,be b1cbe., lW_ri •• l 

4.oa1 V 00 .. '1 'uti.. ,0 ,. 60 per •• at of 'Ile 'ota1 

taWiG. 

8 ... oaal tluo ... '13DS ln 'be donal'l of fauna 

.r. otl.,n.' " ,11 'be _"'1008. !be '.una .bow. 'b. 

1I1D111W1 do.1', cltlr1ag .1 .. -1-11. '1"1.). Oo'~ber oow.rcia 

,be taL&ual '.Dal', cra4uallt lAOft .... ancl noob •• 

'bo poal( during April-..,. rub ab,r' '.ra .... ~D!1 

11\&0'",'10118 are DO, .. 1 " ,11 'bo ."'10111. Valu.e ot 

'b. IIODB.O. pori04 .. IlO' oOllparabl. w1 'b 'boa. ~t ,_ 

.tber _0 __ 0. beoa.. ot 'bo .o.,le'. abaoDO. ot 

.aloareOWl tonuI1J11I.J"! 'broUChou' tbe are6. !be 

.1110.0\111 awl obi t1AGue fauna a180 .bow~ tluotua'loDB 

la ,be treab .. 'or .0De .urine 'bl. perio'. 'IM 
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lateroatlng t.atur. obaorYe4 la tb. abaor.al 

oocurrence of 'bo ab~y. "ntlQaet 4 apeoloa ln 

c.rtaiD re.trioto. aroae which WUJl be .orrelat.. '0 

tbo 'YAr7111g onYlron_u"al oowu. tloDe. Tbe 41s"rl1:Rltloa 

ot tboee tortill1D1f.ra wlth corrollpon41. auUn1tl' 111 

41fteren' &llltba 18 abowll in P1S. 9. 

In 01'401' '0 'etloe areaa of yarllac onY1ron~.D'.l 

oon41 '10_ beeo' OIl tbe p.r •• ll.... of o .. "rftoo. of 

do_non' a,eol •• , "be _'bod 840,to4 b¥ JOW-OIl aa4 

A,1bn1 (191') and AltIaIU. aDd. JOtm8OD (1976) 1. tollon' 

bore. ,llaee4 OD 'be peroallMao ooourl'eac. of atun4cm$ 

0,.0108 ,be la.e.t1aatlQa area OaD be 41Y14e4 lnto 

'oreo c1fferent blotopea. fbo blotOp08 arc .. lull 
oontrollod bl tbe 1otluoDCe of t"eh wator fro. tbe 

r1Yero and tneir 'ritJ\ltar1 •• an4 'hO aea wat.r by 'b. 

lntl",olloO of '11401 oun.nte. Tbe 418 taBoo fro. tbe 

barllOuth 18 Gnotuer oontrolllns toot or. In tbe upper 

part ot tbe .e"'er." the ooD41tloaa appoar to 1M .on 

Y8r1oble ,,1 tb tre •• at.r 800U"112&, •• peolal1t 4ur1DC 

,be mo_oon 11;)04. Tbe bound.noe bet.en 'lffonnt 

blot~poe ar. n~' 41.t1no' 00001.18. of '~e proferential 

pa"oru of '1401 flow towarta botb tbo 41roctloDa la 

"be oa 'QArl. 
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Plot:)" 1. (',ma "oeml blotao10')' The .-riDe 

saDO 1. obaroo"'riaed boY tbo pro.onoe ot A_tUG 

b!99"li"oD4 tbe area of 'h1B epool., exteD4a tro. 

etatioD 1 to 11 Gorre'poD41na to • 41e'ano. ot " km 

tro. the baraoutb. '-'bie blotope oo_late ot A. be,oari! 

as 'be 1108' pre4oa1naIl' .pt101 •• amount1ng t~ _re 'ban 

50 per oon' ~t 'be 'otol P~l~18'1GD. ~ beGoar11 b1otope 

GOIl be d1 Y1de4 in'o 'uree 8Ub-tl01l88 balet 011 ,.. other 

o,ee.soE1 Ipool •• tbat boYO blgb tre~u.uc, lD tbo area. 

!be tira' .ub-taoloe 11l tbo area DOer to ,be barmou'b, 

troll .totl:)Da 1 to 4. All tbe 21 'lIleareoua spool,. 

reoorde' fro. tbi. ana are found. to 'oleraw Y8171UC 

lullD1t1 •• of 28 to '3.~1~. Tbl. ~uv-zo_ oxtends 

froIll the Dal'.uth to a 41a'ancc ot 9 k";l lntorlor. 

13oe140. ! .• ,unl tbo tollowlll1 epcol •• bay. blab 

trequonoleB in tbct aroo. - 'Mu,!!.looqlly .9!1wl.wD, 

Elpb141!,U! .rl'lNlt .li. ..olW!, 1. lr8tl.ylttum. 
~. _DIN', 100000n bOMeC1!H~ Noll109 aloan1, RotfJUa 

a1gv, 01bl014 •• l0be'MW an4 p&.!cQrbl1 I'O!UO' •• 

In tbo ,ooond .~~-tacl.e tbe 9aloarooua .pool •• 

are foUD4 to HOur f,,"her lUWQrcls upto • "l.'ano~ of 

28 IaI tro. tbo barllOUtb. Tbo spociGS tbat arc found 
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lD 'b.1a .one .an .1,.\ami •• 11111 'I ... 1.. _ 24.<-. 

In a4tl1ilon '0 A. ,.'sIE\A 'be £ollow1Qi .,eel •• 

baft b1ab 'n" ... aol08 ln ibi. area - Qg1H9yol"M"M 

~. gj.ePWI, Rgtul1a 'Ol'K, !A.SOlo1. ,.,.",a aDd 

:::i.b1,lcl., lobaiulua. 

In 'ho ta1r4 sub-fo.l0., A. boot!£11 18 ~bo 

0;.11 oalcart)ous epoelo. pro.,nt 4ur1DC tho pre-llOD8.::JD 

pertH. !bo ellio.oWl e,.010. !ro._Idp' 1ptla'. 

18 4om1Daut tban t:.. poqar11 ., .'a'10. 10 u4 1" 

bu' omoaa ,be 21 ,al,arooua epeel0. rco~r4e4 11l 'be 

•• tuarl oDl.r !. H,c'r1i i. .oon t~ pCDeiro1ic ancl 

pore1.' up'o • ui.SODGO of 35 km Iroa ,be baraou'b. 

A -..ucwa oeoU'I"Gnee of 12 per •• n' 01 'QO '0,.1 

populat1on ot ~1 •• ~ol •• 18 •• .,D a' .iOU01, 11 4u.r1De 

April-Mal IIOnibe. The 13W •• ' llld' of ,ol1ni1i1 

tol.rance ~I .6- D!"Hlj, lD 'b. area 1. touu4 '0 be 

19.5"~. 

B1o'opG 2. (!r09ba"489 Aatle'e blotaol •• ). fbl. lo~ 

,be blola.l •• of IrO.h •• - lllfAA' •• fb1. ,1ngl. 

apool., le ,be doll1nan' tON ln toe 1114418 •• o'ion 

01 'bo oa1iWlrl and l' aoo.un. tor 25 '0 60 per ,en' 
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ot 'ilo total fa ... froa .ut1:;,. 8 to 11. tbougb 

1. 1a1la'u 1 •• i ••• pH.' tbrouab'Ou" tbe .etuul, 

tbolr pGreel1DaG '0' N""n8nee 18 leflfj ,baD " .f tbe 

t'O,.l faWl8 ln tbo 'O'ber a.'lQna. la the bar.,8'b 

aDd 11l ,be upp.nt08' '1''0 ,.'10_ 'hot are fouoc:i. Yal"l 

rarol,. 'l'bl. speolos 000"'%'8 tbrouabout tbe loar _t 1. 

amro abu.u4ant 1n 'be pre __ D8~OIl •••• QU. It 18 .ignifioant 

to n'Oto 'bat ,be 1. lutlasab1'O'op. 1, ln 'ue .t4dle r •• l~u 

'Of ,be •• 'uarl wbere tbo .011111t, raDl'. tro. " t'O 25~~. 

Otber .illooGUe form. - 4..,"0,,11'" 41laS!tua, A. 
)!Il'On9'll, A. (oUan!?WJ. Inob!J!!'1D8 81t14. ar. tbo 

000,,1(;>1"1 torr. tbat HOur lD 1_ '"Cl-nol •• ln 'bc 

l"Oglol1. !be oalovoou 'poe10.. AlElo,.1a beoo,r11 la 

oDOtbor .. o."orl fora of tbe 1. Iutle)! b1~ta.l'8 

d.U'1na "le ,re-IIOIUIOOD ae_oll. 
~lot'Opo ,. (lI;l\'-ae t",a, ". 6Her1 pe a"e£1oa 

bl!t.a'a.)a In ,be uppar .'One ot ,be "''''art (t:,.tlou 

12 t'O 15) oull obitln'Oua and s1l1cOQu, toJ'~ 'O.~. 

Jg.Uaatl.e t.e 0'0.'1"''' '0 to 65 per .on' ao4 

lao __ .. 8 .. ,£1.. '5 ''0 25 per oen" at tbe t'O'al 

po~la"on a' .t.tl~ne 12 to 15. Of tbo •• two 

obar .. t.rt.tie _,4wt •• ~ U&o tn8b wa"or SODe !. NO! 



95 

1. _n abuudall' 'ben 1 •• p •• rite. 'bi. 8peol •• 1. 
t 

t0aa4 40.re_luc in DUaber froa 'be .,,':NaIl ont 

clow ... l'da and on to\lU' nrell lD tbo lowor part. 

§. •• Rb!tri,e bae 1'_ -a..a ouabor (2') a' .'a'101l 

15 a114 l' t.orooa •• In au.bDr 'oward. 'be .tidl. 

",lon. It 1. 00.,1 .... 11 a.OD' In 'b. lower par' .t 

th. "'WIrJ. !be 8poel0. 'but an t.rli .. 800'.1101', 

tor. In 'bJJI •• ne are ,.,.by •• 0"" au4 11. 10'M1lt
Tbo epeol •• ,bat "OU it! tbt8 blotop. are obarae'cn.'l. 

of 1~ .al1ae wa'er or freeb w.'or .oD41'lQa.. 

tb. ".,.elti,. of foro.taif.ra ln .aob bio'ope 

end 'boil' .bareoter18'1.. In ,.,~ .t eAYl.rollllOntal 

para_t.n are .bown iu 'abl. 7. 

LiTo-Deaf re'lM 

Plg_ 1 ab:JWe ,ba, 'l1en 1. a .... Nl 411"" 

oorrela'ion betWCeD ... .tallci1n& or.,. ot foralllnlf.ra 

WMl "M' 4.a4 aD.la. Aa 1. expeoted In a r,"10n l1ke 

,be ' •• banacl .. tWU'I, wbleb 1 •• ubJ.cted t. bllb 

.... 0_1 Tarlatlo.. 1. ,be •• 01'810a1 o;)Ath '1 0_ tben 

are w140 tluotu'ioD la 'lb. U noa and. 'be 4.ad 

aee •• bl.ac'. ot torald.u1t.ra. ))an. the pre __ u:uNl 

lIOn" 'no 11.... .,..1__ bay. 'b.ir peak oODe.ava'101l 

111 all 'he .'at:Lema. 'b. 11vo IJpo01_ua 4.01'1". 1n 
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'ablo 7 Co.position of forum1n1toral biotopoe Bnd 
~hoir onaraotorietio8 in tcrma of b,ydrologioal 
ond gooarapbiool poralllOten iu the Vombanacl 
ostu&rl 

--~--------------------------------- . -• • .... 
o 
o 
~ 
:s 

_CJl 

Biotope oompositi3n 

DistaDOe 
ttat_ '0 froa Rango • 

ioYls baraouth ln 
km saliD1tl 

~~-~--~~~~----~~-~--------~~--~-
Subtaoic. 1 1 - 4 9 

Subtaolo8 2 5 - 9 2& 

28 - "., Ammonia beocarll with 
all other oaloreous 
speolos 

24 - ".5 Ammonia beooarll 
4q1uguolocullna 

eo mlnulu 11 

Elpbidium ori.pu. 
!. oraticulotWll 
C1bicide. lobgtulue 
Rotblia calcar 
Discoroie roeaooo 
N~n1on el:>ani 

Subtaole8, 10 - 11 " 19.5 - "., A!!Qnl0 boooarl1 
- - - - - - - - - -8-:'1 -24-3'- - - 15~O : "2'-.0 'l'rOOha_lao lnflote 

Ammonia beoGarl1 
Tr~obQmm1no Dit1da 
Aamoboculltos 

tOlloreaa1e 
A. d1latatu8 -!. foliaooous 
Toxtulario egglutlnanl 

__________________________ 'l'e~t~la~1~ ~on10~ __ 
.12 - 15 '6-60 00., - 18.0 M111amm1na tUSOD 

faooammina epbaerioa 
Re~pbOlt oattella 
.R. eo:>tt11 
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WIII_r lD "be P08' ___ OOD period aD4 ~.,. abow 'b. 

10 .. ' .. luo ln 'be ~_OOD perlod. Dur1ng 'bo .maOOD 

aollt_ tbe livilli apeol __ are 1'0."1'10'04 '0 "be 

upper part of tile .a'warl. Tbe.. a.".~nal tl,,0, .. t10_ 

not1004 In 'be auaber ot 11 YiD& • poos.-ne are no' ao 

proalnollt in 'he oua. of de.d. ebolla. !be wat.r 

o\lrrent lID, oarq eapv ' •• 'e ot toroll1uit.re ~roa tbe 

be:.: .. th ana towal'6a tb. ll1wr1~r. "ben oOllpare4 ",0 

tu. other •• aa 01Ut the .0'1011 of 'bo tl4&l O-.tr:'.I1' 1. 

IIOre ln 'bo pro ___ oall a.a.on. tbe pro.ono. ot •• p"" 

toa'. of oalcar.ou. apeo1c8 at atatlons 11, 12 an4 13 

4U'1Dg 'be pro-JaOQaOOll ponocl _, be a'Vi,",t.' '0 tb. 

'telal 01lr.l91l' .hiOD 0U"1'7 tbe oholle tn. 'bo lower 

pan of ,be •• twar, '0 "hie rCai:»D. OnlJ at e'atl~ 1 

"be OOO\lJTOnoe of 1i Y1~ 0114 .ap" .~oi_ua abon an 

lrregu.lar pa'''.zo.-.4 In tuoir WAabera. fbe r01.'1yoll 

biab yulue of ... 0 ebe1111 at '01 •• u'~iOt1 flbow. tba' 

iD 'be •• 'lne pla.e .)t tbe •• tuary anel tbe •• a, .oat 

of 'be _rine tor. 418 'brouSb rapid otuulC4ta ln .. 

cU1Yirof.UlDnt.1 0;»1141'10'. wtuob ar. _,yOll4 ,be 11111' ot 

tolerano.. The Ae8'h ot marine forms 0.\1808 "he blab 

I'u". of •• 41_ntatiOh of captl '08te a' .tatlol1 1. ,he 

4004 81)001 __ iLl ,be barIIioutb are8 1nelu4 •• abelta of 

otber _rine tor. ala 0 ln 8441 'lon "0 'b. •• '"ariDe 

_peoi.g. 
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'or ...... 1Q1 'b. ~,. of .e41 .. n'at1oA. 

'tV81'01l (1955) bu ill'r04uo.cl a tor_la ns. 

~ • !!!l~!:_!t.~!!!!I.!I!!!!!!!. x 100 
D DU.ber ot 4et.d .poel.,. 

ll:)ltoTo.ko.J and Leoa (1969) Gnd. Ml&rra1 (1961) Isa.,. 

tollowed 'hl. _tbod. In tue preeel'lt _,,,4, h1Cb rate 

:Jt .e4l_uta'1oD bas MOA obaerncl ln tbe l.er pan 

of tbc •• tuarl ,ban ln 'be upper part. Ctatloaa 15, 

11, 12 and 14 are wltb high rate ot .edi_ata;;.loi: ot 

aoelle with ya~oe )0.5. ,0.2, 26.6 and 22.0 

reepootlT()13. 'he 1I1441e "'8i:m (ata'loQ8 7 '0 10) 

also bat; a Z'elat1 .... q bich ra'o ot ••• 1_n,.t1oo wltb 

tue YtjlUCIl raD&1as t.n. 22 to 20. In 'be lower part 

of tbe o~'uarT (oxoopt at etatloa 1) at .tatlona 2 

to 6 •• d1mentation rate rane •• fro. 15 to 19. 

Aocol'41na to Y.uTa, (1967) tbe _'bod of 

aeee&.iQl the rat. of eed1 .. ntatloa bolps '0 ooapare 

tbc flli..DLlal prodllOt13n wltb ,be ma.ber of dead iudlYi4ua1a. 

It! tbe .ee ,be calcar.ou .bolh cl.poel_cl bl 'be marine 

for. remai.n tbero tor long t1 lUG ,,1 ~out aDl' 41 •• olu'10D 

or 4et,'Nc'lon. IN, 41.f."olutlon ot oalcareoue .belt. 

taker; place 1n 'no eat"8r¥ aDel -DJ abella (11l0 1u41DC 

t.boao of 11 Y11lg caloanou epoolMna) arc 0'.be4. 
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MUrrGl (197') ha. polntod out tbat tno 

ot oaloarooWt 'eat64 i. OOIUlOD ln .bo oatwu'l. Tb1. 1. 

cluo '0 tbe aold act1011 ot •• '01' ond 1" 0011 be relat04 

to tne lower pr~port1~B ot the 40a4 Ebelle 1n tbe area. 

Tbu,,: 1t &00_ tbat tbe oflllD&lq .a,uanae OIl ... irOll .. nt 

bue 1 te •• rl:" ... etteow n"Jt oull on tho li Tillg .peel •• na 

'ut a180 On tuG cleao. ebella. Ho ....... r, ln .pl to ot the 

T&rliUS ,bt81co-oboa1oGl ooudltior. au4 limit ot 

tJ1erWlOo ot 41ftenut .peel.a; in tbe .. t~lt tbero 

exie'. a aonere1 oor1"G18tlon betweon tbe l1Y1q and 

'eau po~lBtloA. 

ID .... O.l.otloua on tbo vertloal dlatrlbutlou of 

forall1n1 tertl ba.... b4u,n oan1.0G out bl a 0_ .orura. 

Y"ora (194') ba. "porta4 tbat t~ra81n1t.ra oan 8urv1 ... e 

wri8cl in tho .Ubatratua .,,,.1 to 5 to 7 Umoe tbo 

ell_.t.r ot tbo te.t. IU8 atucltee on 1}lpbi41YI or18p1.l. 

enOtrecl tbat th1t< .peeio. turl to • depth of' 1., 011 

nuobanaD a. U0410, (1960) auuea'ecl tbat toruld.n1tera 

penetrate to tbe subatratua to • ckptb ot 1-2 Olb. 

Boltov8iLl (1~66) towul fori·.mutton at a cleptb of () oa 

unCi aooord.lng to bill aand,y ao41acn\. ero pGDe\ra'ccl bJ 

tu.a., JI1oro-oqania •• ;,ro clo;.,pl.Y liWm w\1dl OM6. 'rbi. 
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-7 be .ttribUte4 t:> tbo bOttCI' aereat10n .t tbo 

tor_r ."baVe"o tbaD tbo latter. Pronkol (1972) 

I:u&&oatocl thot torua1u1tol'8 uauall.J :Jocur at ,bo 

aurtac. of tbe 8ube"ratum bUt some .pooi •• oaD ponetrote aDel 

.uniTe ln deptua botwcon 1 onil boa. ne •• use ot 'hl. 

ue couaiurod tho epecl0. Uke ;.!!O!!1, Qcocar11 •• 1DtauDal. 

'ruo depth 4l..tr1lMlt10I~ ot forall1.n1tora 1n tb •• ubatrato 

ia rolot04 to tbo 'lpo ~t tbe a.d180nt (S11ter, 1965). 

Tb. proac)!l't obeerYat10na on tbe Yort1oal 41etr1but1ou ot 

toroaU.n1tora aDd.e41_0' tlPoa "Teal tbat 1n loneral 

torell1l11tora 40 n~t proter a 'optb greator "ban 1 0 •• 

Tbe .:)YclDOnt of .. pooies liko A,. bGoov11 ln .eopor 

lUlere sbo .. 0 fieubli!t1 ln 1_ adap'at1~D8 to oop wlth 

'be ooona1.D6 onYironl.l.ifJDtal oJJldi'laus in tbe are·:.;. 

D.1 moY1:~ 1nto tuo 40c per lUlon ot tbo 8U batrote. tbo 

oraani.ms mc1 be gott1ng proteotion or sholter trom .11gbt 

.... r1atlona ln tbo onYironmontai oon41 tl0M. One tact or 

tbat oontro18 ,be 4cpth at .hioh torall1nitera oal .... urY1Y\;) 

in tbo tH.lbetrato i8 ibe 'biokDoe. ot tue oZlpna'.d 

surfaoe lOler. Ttu .• oXlceuatod 8Url.CO laler 1. tb1nner 

in ~he JI1dcl¥ bO'1.om tban ln 'bo 8004, •• 41_nt. A. 

t;lrall1nit.ra are ep1arapbic f.~era 'bel al • .,. prefer 

tue 8\.lr.t'ace ';)t the oo'ttoa ana t 0 va.~ -J ori'l ot 'be 

popula'1~l OOC~vi.8 the ~pper 1 0.. Onl, a 00&11&1018 
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propor'10n of 'bo toto 1 faulla bae tbe lntauual 

habitat and thi. pGnetratlon 1. onl¥ for short ,.r104~. 

ID ,.001'&1, torall1n1fer. OaD bet oOl~l.Ildo"4 aa eplbontb10. 

'904 aud '.04191 
Tbo .. poot of 'no food requirements of toramiu1tora 

iwa been caxvlorod Dl acyerul o\ltbon ' Ot~fkor) 1930, 19311 

Saa4on, 1932, Cl.l8uaan,194S, Heol.l, 1958, 19641 Dc, 1959, 

1960, Blhola, 1961, Brad.baw, 1961. Lee 11 !! 1961, 19661 

Murra" 196" 191'. Raaanothon, 1970). ~OGt of tbe 

lofor .. t1on OD tbqto04 of tboao m1oroorganisw. 00". fro. 

tbe labor.tor1 expori_n'.. Olll1 few atltbore baTe 

att.apt.4 tbo .tu., OD tbi ••• peet trom f10ld obe.r.utlona. 

Leo !l.!1 (1961) bayO trio4 to ostablish tbo 

nutritional requ.1romonts of frRoba.SUI 1ptloSa, ','111al!!1D8 

fuseo, :;~lpb1dl&a. 8pp. 1!N.1ugtlclool1nu ap:). and !3:;)11yina epp. 

b1 ou1 t\U'1ng tboll iu tbo laL t)I"otorl. Ho found tbu t tno 

1mportant 1to_ of to:>4 ot tbeao forGlI1nitero are 41.to_. 

nut aocorcl1.lg to bim 1t 18 41tt101.11t to interpret tho 

f poc1elS p~'of.renc. 1n tbe forGm1Ditoral Dtltr1t1on. ::e (1959) 

trom bia atu41G8 ou the t.o41US bat.1 \i; ot l'oralld.iater. 

o.tob11.hod tba\ \UOj t.04 ou pbJtop1anktoo. Aocording to 

.:)rBc:1ehaw \ 195:', 1957, 19b1) and Y:urrBI (1963) algae and 

41ato_ •• om to be the 8>8t i.portant to:)4 ot foraa1uitora. 
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PlaJlk'toDio forom1nifera baft boen tOQnd '0 toot on 

algae, ~, a' 40ptba tbe beoth10 torme mQ.' teed by 

predatlon, bl aOAYenc1n, 011 baoter1a (M\&rnq, 1973). 

Accoro.1n& to Hoalel (195~~) 80_ bontb1o torAllil11tera 

aeo. to be aoaT8l11en. Pert~r.'o4 tor .. auob .a 

Elpbj.d1Ull. tee4 on -lIao ann tbel' Dormall¥ gather 1 t 

w1th tbelr peoudOi>odia and i.lQ8 1t towardt tbe 

uportllrO. Tbo, form diat1no' tecd1&l6 018te arouud 

,uo_olv.e (Mun&I,1963). The 'IPo of fo04 or,.nia. 

of '!!Onta Dooc!f11, 'be .oat exton£1Tell at",d1ed 

speoloa, bIla beCb iflYOat1gvtod bl Bra4ehaw (1961) and be 

touad algoo aB tnc woat 1mportan' 1tom ot food tor 

'ilia apoc1ef;. Aooorcl1ng t:l hi. th1s epo01_ alao fo04E b, 

predation and bS eoOTODgiag. !_ beooar11 often lotbor 

bulls of ;(o~ which aro digoatod later (Leo !! !!. 1966). 

r.perforato tor. 11lat ".ul11990109\.111118 ~£Qtbor tbo food 

ln _ Er no ar tbe aperkro. Tbo lapor'onoo of ooo'or1a 

Q8 a food 1 to. woe 40.one'rotcd or oxpert_n. OD 

'J\11nguo1ooul1no ap_ 01 Leo and Yallor (1967). It 1a 

be11cYe4 'bot bo~'.rla prov1do ao .. nutr1t1onol Deod wblob 

al&ao alono OanDOt tult1l. Hotker (19'1) rooorGo4 

forall1,~it'era tee411.g 0.; clo'r1'tu. Cbria t1aaaen \. 1964 ) 
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ba obeone4 oarn1yoroua teedlng by Npn1j)1l .p. 

llalObauaD and Reell., (1960 '; aua •• t.04 tbat t~rald.n1tere 

ure 000-80100\1Ye toedere .blob o.~ AD¥ ot 'bO 

lI1or~or&an1.1l8 tbel oan •• ~bb. Howo.er, ~bol belie.e 

tbat 41.to_ au.t othor algae pa~'tlOu lar1, obloropb'yoeana 

f&lrQJ.eb tbo greater ,art of tbo 410t of for.1.Ia1nifora. 

Cuc.~J. (1948) aUC:.,oat04 that tbo Jl~rmal to04 ot 

toraalDitera cona1.t. of .. ,otable matter, 418tO" and 

.er10\.l8 otbor algao. 1'1'0. tbe lnterpretr..t10DS of t,.o 

d1ftereDt 8utbol'8 ment1oao4 cboyo 1t can be o~noludecl 

~hat tue torual~ter. r.~u1r. a atzoa 41et of cletrlt"a, 

baotoI'1., 41ato. 1lQ4 other 8lseo, tbe 1108 t laportaDt 

belug thi pb.¥toplt.uaton popul~tion. 

Pbytoplankton, belng tuo ma1n 80urce of to04 of 

t~rald.nlter. oontr~1a tho 40nat tl ot torom1n1teral 

populut1one. 'rho obeonatlona by rAO !1 !l (1961), 

Du ... ('969), ¥Un., (1970) anel RaD8Dttthan (1970) abow 

tuat ~horo le oorrelat10n ""WOeD foraa1n1toral .tanding 

orop and pbJ'oplaAkton tod a",ppl¥. Suoh rel.~loll 

"".ean pbitopla"jC,'tou anA t~rald.ultGra i8 oYic1cl1~ in ,he 

pro •• n' a''''1 al.ao. In tbo proaont .'iJ4J aroa 'the 

blobo.' 2b¥toplank'ton ooaoantratlQIl le 600D 1n tbo 

pre-IIOD800u peri ~4. rorald.n1roral population .0.1'1 
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alao roBabee 1'8 peak 4\11'1121 'bl. period 'broUCbou' 

"1:10 area _ Durill& 'uo IDOMoon 80080n, obloropb711.,.lue. 

aro low ln 'be 08'\\101'1_ l. 8t.lda.en Cleore ... ln tho 

toramiu1tol'ol p~p",lu\10J1 baB beon obeorYet ln tbe area 

uW'iug tbl. pGri~4. A •• oou4or7 peak of foroa1D1teral 

popul~tlon 1. eoon 4ur1n& tbe poat-.oaaoon p.rl~d, wben 

tne pbytoplonkton 12 ol _d1u. IIOgDituc1o. In &oneral, 

tue pbltoplanAton population In tbe area ebOW8 an 

laon .. o wl th lllOreaelnc aalln1 "1 oon41tlone -blob 

001no1d08 wi"h tbe lnorea •• ln tbe torall1n1torol 

population. 

Aoa~r4lll& "0 Ha_netban (1970) and AJ'Il:)14 (1974 j 

the .peel.a ot tbo genera N1 t.ohio, Sln,,b99009\l!, 

Co,c1uosU.aoWl, 6k01,'09' •• Dool11arla, Pry1larla eto. 

are go04 to:)Ci org8&118_ t'ar toraad..n1toro. Arnold notlo04 

tbat t~r.m1nitora t.ed aot1YOl1 durlng tbo dooul01t,1ns 

periOd. i;; tbe aold _diu. It baa boon :>.0"04 tbot 

N~lI041!' cera\Uullna, G1FQ!1,ma. fyue9ho0ooye and Vol"9x 

ore OOmtlOll 11.4 tbc treab water aone, Cbu.toOGI'O', 3aoill!rl0 

Plo4ori.oe and Peci1 .. ,zv- iD tu. 11141.1.10 FGglon, And 

lrag11ar18. 'kol.'o __ and 2o.oa.god180M! in tbo high 

.aline region nnd 'beee torm tbo to~4 Qt tbo t~raa1n1tera 

in ftr10\Ul region. 1.ll tbc ostuary. 
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,"aatalone to e.,uarine 00941'109' 

All tbe .peolev of fGra-'D1fora excopt a few of 

tile .1aplo.t toras aoor~. to tbo te.t., tbo cleyolopMut ot 

wbleil baa " cletlm. to sequence. Tbo foramlulfora are 

alaoa' on'lrol¥ aarinG ani .. la ocol.lrr1ng In wa'on 

ot nor_l aa11Ditl. But .0_ ob1t1noue .p.c.'108 wb10h 

aH' 00110.,.ct to bo 'bo mOtlt pr1m1'lTo tlPO aud ao_ 

.onora wbioh bay. an outer wall of aronuoooua 10,01' 

11yo iD tbe braoltiau wat~r bcT1ng a low .<<1101tl tban 

tiult ot nozwal .oa wotor. SiUoeoua 'oat. a.:·o a1.8o 

ropor'e4 fro .. tbe e.tuarine ".'011 and tbo, are 

.ocondarl' ln arig1n. Tbe 'Y .. t _.1 ;)1'1 tl "0 oalo01"00u, 

epeol •• whiou boTO the teat .all of calcaroous Ikltorl.1. 

eoyoral ,onore ot 'be nor~l mr1n(! oolcareoue 

ftlroad.nito1'o, .uou as NoniO:l, E'lpb1dium, ;,:1ecor .. 18, 

Do 11 Yloa, Rotall_ and Cl bl01c1o! ooour in tbo brackl.b 

_ellu. abowing tbolr ,,1elo range ot toleroi.o '0 yerl1ng 

eoolo&1001 oODdi tl0UB. Tt bae toon totudi thut tho.o 

08100roou species exhibit oerto.1u range of adaptt.tll1t, 

ago1U8t acl.eno ecologioal oc:mel1 t10ue 111 tilo eetuary. 
f'.:n0l' lllD &1 t I 

'l'bc G.erage oalo1u~ carbona'. oontont of ouloareOWl 

.peo1e. of toramlnltora 18 e~timatod ea 96.2 per oent 

(~furral' 1973). Tbe inorganl0 IIOtcr1.la in tue .00 are 
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not _ob varlable aIld OtU18oq\lcw"lT 40 DO' l1al' tba 
\ 

oocurrenOG of forall1nlteral .pOC108 111 tbe aea. Bu" 

lu tbo ~tuarl ,be lAor.a£~o aaterlal. are w.abed down lnto 

'ilo 80a hI tll0 t: e.b wator nUl oft. Oola1a le probabll' 

tue 11081; 1.ponaut lon tbut oontrola ,be ocourrenoe 

of oaloareou torall1u11'cro 1~ tbe .8tuarl. Aooorilng '0 
f(ro'- (1978) aot' wotor ., contaln 108fl 1tban 1 JIg/lot 

oalo1wa wbile sca woter ., c~ntaln "pto 100 mall. 

AocorcU.D& to bim aoet of tbe or;~ck1.il wuter aultAle ba .... 

woll dc .... lopod .xt.mul 8eoretlnc 4eYl.oB .blob ettootlTelr 

guara 8,81_t tbo 81.444011 ObUllaO. ln 'bo 000108iOal oondltl:)Da, 

b.~ pro.,1u.ltlag tbe pea.age ot w.tor In or OIIt for a certa1n 

period. 'rbo ooourrouoo ':)t fjucb extornal ooftrlng ln brocldab 

!'later organis,. helpe tbe an1aal to withstand euclden ohangoa 

from tbo aeo wuter o~ troeb wotor. 

:,IIlD¥ worqra ba ... G shown thot \I,.d.r ad .... l ... a:>ud1 t1011ll 

10., proteot.lvo ao .... r tIllI bo tormocl ln cortaiil 8pooies of 

toramin1t.ra ou4 ,be 1nd1 ... 14ual be pI'Ilot1call1 dormant 

tor Cl cODalci.rablo period. III 'She pr •• oi.t ~~.".tlon 

tbe format1on ot tbe outer pro'octlvo oa .... r1D6 :)r 

1uol."lIIOnt baa boen DOt.cl in tho toe' of A!!9nl.a be.,a01. 

~'P(:clmcll8 of ~. boocar11 clo .... lop an aaglut1oate4 
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panocl le obaraotcr1 •• ' bl tbe preaonco of A. PO"ar!! 

wl'b 01.t. 111 "bo lowar part :)f tbe oetuer1. ;)~Dg 

the po.t-aoaaooll ....... ou the Olleleted A. .,ocsl1 ore 

f~"nA in 'be .t4dlo part of 'bo •• tuarl and a ~mua 

_aber of ;;':4 8,001_118 ln a.£&lLltlnot.d cOTar1ng bave 

beon rooarie' at statlon 11 4urlna ttu. period. Tb1. 

In\op_nt a40ptat10u ot torom1n1tera bee ,ean o~rrelo'od 

w1tn T6riOWl ollTlronAntal obaDl... In braokish water 

tbo .bj'eloal anet challioal obarao'hJ'8 ot tile oeloereouB 

t.ate onanao ooui40raoll. Tbe 1108\ •• r1ou. 41ugn08t10 

obauC. of oale.NOWt 1"OI'i1L8 1. the diaeolu\lon of 

oa100reo,,. _"tor bJ 'b •• :.'141tl of wt.tor. In eDlcareo"e 

epeel •• oalc1um 18 OXcball6vt .1 tu onYirollbIG:ltol _cllwa 

.boll ac1410 001141tloD proTalla (;;10 ber1 ond Leo, 1970). 

Dccal01t1cot1oD takes pla •• ln tOo braokisb woter or treeh 

wawr (!.SurX'81 1967). ~rral and 'trl,bt (197~)) reported 

,bat tbe aa11lt1IWtc4 to.t. oan alao be 40.troTo' bl tbe 

Ql.~olu'10n ot oolooreou. oo.out 1n tbe o.~uarlno 

oalO_Go". t~r_ are 41.1,~~ob"Wcl ooapletol¥. In the 

.eo water partial cl1.t'01ut1oD ot so.lla oooure 4ur1ng 

low pH Gnd 'tb1. 18 1ncU .. ".d bl wtU to, opoq"., hya11ne 

teete. Tb18 4ecalc1f:..co".·loD dooe Dot bar. tho .poollDOrl. 
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bao..... ,bey are able '0 1"008101f, ,be iet.' .ben 

tno pt! luore .. o •• 

AooordlQg to Uedapetb (1~j7) 00 .. nte4 partiolo. 
(. 

1'1 th chi 11lOU walla of 't.o _lut1nat04 to.'. ofter .ob 
#-

8CO~I. tor oaloaroouo torall1nilere 1n 'bo oetu.rlne 

iU041l.la. Bolto_k01 (1964) obao"04 tba' 'be cloTolopmen' 

of obltlno .. , .. ,lutlaatoci lntea.a.ut l~. tbelr nor_l 

to.te of toru~n1t.rD re~ultB ,roster adaptabl11tl lD 

tbo obana1ng ooolo&1oal o0n41 tiona. In braoJd..b water 

are .. wbere tbe proportion of llin.rai Gone'l tuonte 1. 

relatiyel.¥ amsll, tb. ar1ne caloareoua epoolee tora 

obi t1DOWI aaglut1uato4 OOftl"111& ana pClftllsi. ln81de. 

Tbe prot •• tlve cOTering belpa tbe oreania. to .i tbateod 

tbo ao14 actloD of tbe .etuarine enYironment. Brad, (1884) 

boe etau4 tbot 111 bracld..b water tbo eupi'ly ot eartb.,y 

ealts 1n (.om'lOt. 1. _maller tban ln tbo open ae. and tbe 

o.~elll1cal and. pu,y.1cal cbaructGr. ot tbG euelle of suob 

8 peol.. wtu.ob .urvl.e in 'bo OU,-J UCed oon41 tl :»0. are 

OOl.t.a1o.oraull 1II041tl04. Tbel uooome 10.8 oalcureoua a. tbe 

wutor arow. le8. .e11De, un'11 ovon~uall1 a point 1. roocbod 

at w0100 'bo lnyo.'~nt 10 l1ttle .oro thau a obltlnoua or 

uorD.1 aDmbrane sU'ooctt.ellecl bl tbe lneorpora'10n of 81nu:to, 

.111c80Wl sra108. CWlLlwan (1948) bee ropor'e4 ttwt 11l 
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brack1.b wat~r 1 t Aaa becn tOtln4 that the abeono. 

or .caroit1 of oulcareoua material result. iD tbe 

den lop.nt of purol¥ ohi Unou. t •• t. bl .0 ... peoie. 

wb10h otbolW1 •• 111gb" bave a .ertain _OWlt o.t 

oaloareoua .oteriel in tbolr normal to.ta. 

P~ram1n1fera oollocted from ~o V.abana4 e. tuarl 

.bow auob integumontol adaptatloD8 and. tbo external 

proteoti Te oO'f'Orlng of tbe estuarine • pecio. 18 8i~11Br 

to that roporteA by earlior workore. AnJtber o4aptat10n 

tbot has been ,.port04 bl wize (1965) is that e.rtain 

forme .uob ae Rotol1a ond Elpbidlum GOuld outlast 

unfaTourable periodL in tbe eatuary by oontracting tho 

pr~toplaam ia.:rda fro. the outer obambers ot tbe te.t. 

This pbenomenon ls obaerved 1n 1ibo present Bttldy also in 

forma liko Rotulla, Elpbidium anddlecorbia. 

Sizo ond tbickDo.e of the to.S. 
Regarding tbe slzo ot tbo tost it 1. interesting 

to note tbat the SP00111OU8 oollocted from tbe ostuarl' are 

comparativel.Y 8_1101' in .i •• thall tboe. oolleoted from 
c Tbe aTOrago .1.e of .po01.o08 ot Aamog&a booar11 
1\ 

0011ect04 trom tbo oontinental .belt of Kerela 1. 1.0 to 

1.2 .. in dla_tre. Tbo u.billoal areu of tbe to.t of 

the.e .peel_ne in tbe sea 18 tilled w1 ib cal.arooWl 
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_to; 1&1. In ,;~o apeai_Ha. ot E1Dbi.41W1 c::>ll.ot ... 

fro. tbe aoa, 'tbe woll of tue chambor 111 exten40cl 

ecr08e 'no proo.cling .~oo. to rorm .uturnl pro •••••• , 

and tbe a.blllcul ann 11. tl11Qd .,1 th oalcarooua 

_torial tQ torUl tbe \ll1b111oal plUC. Tbo.o pur'. ot 

oarbonato ot 11_ oontou' 1n ElpbicUua are abeoDt 

In ,be 0.t1.l81'l110 apeolt1One. CalcareOWl '.ate 1n tbo 

tre8b WO'01" aonc ot the oat\1.rl are ooaparatl TO lz 

lo.ser 1n 81s8 tho.. ,bat of 'be IIlDrlne souo of ttl0 lower 

pon. L1kow1a. 8ou8ono.l 81a. ditforences are 0100 110'1004. 

'rbe .~cl_n. collected dllring tbo prO-_1180GB porlod are 

oo.perat!"l1 lor,er ln 81s. tbou tbOll. oolleote4 luring 

the poot ... onao~n IIOtltbe. The lorge&t 8peol_ne ot 

j •• occarii oollocted. tr:ul tbo mid.:lo re,ion of ,be 

•• tuar.r (8\o'10n 11) a:;'o obout 0.8 mm In 41118tre and tboao 

oollectod .frOIl tho ar1118 ond (ata tion 1) aro about 1 JI1Il 

1n d1omotre in tbo pro-.oaaooD .eo.oul tbo lor ... t 

epoo1meua collocted durlDC tbo p~t-.oDlOOD pcrlo4 at 

.tation 1 aro about 0.8 _In 1i1&:l.,ter aud those collected 

trom 8 t.utiou 11 aro ou1l 0.6 _ in dla_tor. Tbo 110_ 

pa"'eru of aiso difforence tor otbor apeoloB a180 1. 

ob.one4 8co.~nall1 an4 re,loucll1. 
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Ma~ workera bAYO rooorded tbe alse 41tforonoe 

of toraa1n1fera ln dlfterout .uYlron~~t.l ooo41t1008. 

Heello, (1964) rooor4.el ttLe sl.o ot Elphi41W1 l1Ylng 1n 

tbo .arine area .. 60 per oont lar.er tban ,bat ot 

.poo1aona to,",wl 1n tbe oatuarl'lc .,stom. tcbniker (1967) 

•• tabU.heel 111 !r11ooyllga s p. that the arine torme are 

larger aud tbicker thal .. tbe apt.>oiJlOna oolleotecl from 

eat",arl_ Nioho18 anel E1Ueon (1967) haYe 8tat04 tbat th~: 

.i •• ~t _",uarine toramnitera varloa .. oor41ng to 

GDY1rormootol oowli'lo11e related to 41tfo!'Cl:lt aft •• 1n 

tbe eetuar.1. Levl (1971) bait alao oatab11.hoel tnot tbe 

81ae ot tbe foramln1toral ebelle" le rolated to onvlronmental 

taotora wbilo ro,ort1ag the sia. d1fferences ot !. "ccarii 

trom tbo titterent onv1rouaentol OJD41tl~l •• 

ID brackish woter .~vlr~.QOllt the culoaroou8 material 

la relatlnll 10... 80 tbe 41fttlretlo.a ln t110 81:';0 and 

tbiokneall ot tbe toe. oan be oxpl.a1ned bl tbe faot tbat 

tbe test boOOll106 largor aucl &lob tbiokor 1n ~c _rlno 

.nv~ronmeut bl tbe clep081tlon of caleareoUB aubBtanoe 

trom tile rlober .&11tl •• tor of tbo _i'l11G SOIl8. Tbe 

"ea tfJ bGOOIlO _.llor In 81ze and 1... oalooreows .a 

1 t _~ 00. t.a1"48 tbo low .alino re.ion ot "bo oatuarl' 
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where tbe .uppl¥ of eertb.r ablta ln .olutl~1l 1. 

1 •••• r tban in ,.0 wo'er. 

Aa recans tbo ob1 'iDOU .pe010. !MU •• el. 
(\&801 and S.go •• " M • pbe01"19a o baracterl. t10 of ,be 

Ll.,-por reglo1:. of tbo clitWlrlt tbo .peei_nB are 'b1okor 

tban thoe. oollected froll tbe blab euliDe rq;lon ot tbe 

lowor part ot tue ef',t.uarl'. Iu gonoral obi. tillo"" .peol •• 

are oomparotiY.1¥ 1 •••• r ln 61&0 11l tbo marln. end tbAD 

in 1bo upper tresb w.tor !uel. !bl. ln41cato. tbat 'ne 

chi tinoLlS 890010. develop thicker walla tor .1 tbatan4inc 

tbe ac14 00t1014 of tbo treeh wut.or so_ of tbe e.tu&rJ. 

CO'P!r11l0n with 'be to£t~!1altop it ,'bor area. -
It w~"ld be intero.tlll£ to eoapare tbe fOI'oa1Dlteral 

faur,aa of '\be _r&J,nal aartuo ollvlronMnt of 'be 80utb 

wo., o08e' of ln418 with tbat of the ostuari.e 11l Indla 

tin4 otb.r pant) of tb. world. H:,:,woYor '\.ilea lDtorlllGtloDa 

froa tbe 80 • .&tO woet coast of I041a arc • car.. • A reoent 

work on tbo tora~uifor. ot tbo contlnontal .belt ot 

1'~Gralo C08e' la tbat of AAtoa, (1968). A ooaparl.01l ot 

t.he toroa1ll1tcrol tQ~1la ot 'ho Vellbana4 e.tuaq .1 th thtit 

or tbe ~~jolnlDb .ea roy.ala ib.t tbe ta~aa ln 'bo 

barauth area 18 el1111ar to 'bat do.erl be4 froa tbe 
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IIballow wa'ora 1n tbe .oa. Wbile at1l4,1ng tho 

batbJmo'r1oo1 41etr1bQ~1oa of tora.tn1t.ra trom tbe 

o:)ut1noDul abelt area Ant!)1lI' boa obeorYe. tbat oona1n 

B peo10. ebow preteroo .. ,:) oorta1n deptba. Tbo lorso 

alaod fora of tbe t8.11111 •• Rotol11<lao. !~_r1nlclllo. 

~on1on14ao. Mil1ol1duG onG ~extular14ao are obarnotor1.t10 

of watera .1 tb a depth of losi: tbail 25 t,l)tba8. Tb1. 

kino of batb.)'_trical d1atr1but1au la partloulor1¥ 

DOt100Qblo 1u tbe 0 .. 0. of Am:;.i?91!.fboooar11 wb10b 1a 

abuuclant ln the oontlncmtal ebolt. Tbo e&lOller 

foroain1toral epeel0. ot tbo beet repre.ont,cl ta~lio8 

Iagonido.. i.uUId.;.14ao a04 C08E14u11D&4ao ooour ln 

eoaplo& fro. deptb. abOTe e tntbo.. It 1. lntore.t1ng 

to note tbLit tbC80 emoll e1 ••• epoolae are not found 1n 

08tuarl1l8 O.)lIpleiK ln 11Yir1& o~ucl1 tl;Ja. Tbo large 81&e. 

8pooles that ponotrato aud pOI'll1.' 1n tbe catuar1ne 

t'u'Y1ronmeDt aro obaractor1atl0 of 8oallow WlAtora of tbc 

aoa. 

Tbo tlptoel caloareoWl epoo10 •• 11. be,oar11. 

~ui9iuolocy119P .0t1pHl~m, ~. blo0ru+I, Blpn1d1um crieps-. 

li, a4Y,gu', ~. 'raL1cMlet~~ 01u10140. lObatMlH" Non1)9 

,1AAD1 .114 ;io11J1qa .,\r18;ula tOlll:" 1D tho o.tuarl ara 



114 

c~amon or trcqUOD~ torma 1n tbe oontlD8Dt.l 

sbelt aroa. 

MUr~ (1973) baa reported tho tollowiac oaloar.oue 

'poc1oe ae w14el, known !etu.rino tora. - ADpbia",lpt 

10"2911 d'Orb1gPl, Qapo£1' aMr1gulU! (l1ohtol and ~oll), 

,lRb141um SA!!! 1",oll8 la tlwul, PlaDorb\lUpa .41 tOEPMM1. 

4'Or01&1\1, S~rl111na v1'Y1para Ehrenberg and :iY199'..lelocuUoa 
if. 

ablopgo d'OrbigDl. Thougb tbc •• spoclo£ aro found to be 

W1401l cU.8trl.,uto4 ln tbo warginal _riDe 'llYirOJlllOllta 

of lel'alo, tbol aro Dot fouud U,TiD& 1n tbe oatwaria 

eon41 tiona. Rogllr4l,:.e; t.he '.ill t1nOWl an<l e1lle.oue f:>r_ 

tbo ohorootcriet1o bracki.b wator epeoloe Trg.ua!WiDa 

intlat!, Baooollm1J!! • ph.ort.a an4 mUa_Da 'M'O' 

have not been r.oorded fro. tile sea. Tho otbor ohi t;i.nou 

end 8111000\&8 8peoloe are touncl r01'011 in tbo _riDe 

Aa rogarcla tbo oetuarlno t~rulD1D.1t.ra of tbe 

~ther aro68 tnt:'>1\1 (1975b) ba. givon Q prollalD8I'7 aooount 

of tbe -t:>rcal11t.ra 111 tbe KalfulkLllQa lake, ~oLlth VI •• t 

Ooaet of incUa. noro a180 tho fauna i. a llixecl tIP' 

oonsletlne; of oalcareous Qt1(l 611J.oooLlB spoo1es. All tbe 
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oetuary boYe been nooried trom tbe Kayaamla. 

luk:o oxoopt I.,'",larla oW •• "Orb1&1l7- Aaoll, 'bo 

oaloaroou. tor .. 6 .poole. T1s_ 9y1niu,looullna bloorD1 •• 

Trl1ooul&oa ,_10910, E1pb141um aooelly!a Op,roul1Da 

groDL\lq.&, ..i- oOllplana¥! au4_0?orou11nclla cuSyil 

are not touwl ln 'bo l.,allkulam lato. Wbon o:)aparod 

with tbo KOlumkulam loko Yombannd oatuGrI appear. to 

be ricbor in tbe torominitcral populatlon excopt 1n tbe 

baraoutb .tatloo. In tUG KOlomku1nm lake ana tbo V.abaDod 

•• tuar.,Y tbe 1IDX1 .... DU.bor ot 11 peol_ne tOl1od 1n tbo 

barmouto aroa lIro 85 and 65 rospootlTol.r. '1'00 gonoral 

patteru of <11.'rlbu:tl:>1l ot tbo oalcorooua t~rull1n1tora 

1n the Kafa.kulaa lake Dud tbe YombaDG4 •• "'art 1. 

the .ullO. In IJotb tbe lakes ob1 tino", and e111000\18 

.peolo8 oI'e charaotoristic ot tUG upper reglou. 

··llotber 81wilar1 tl not100d 1u tho d1Gtr1but1~iJ,Ql 'pattern 

of tbe two areQ& iD tbe proecnoe of two poGU of 

nOUllduDOO ln tno p~pulotiont ono 1,~1 tbe II1ddle regl:>n 

aud "be :)'tber ln tbe up.')or en4. Tile muxluum numbor 

of cni "1~u. speoimens 001180"r.:4 fro. tbe KOlalDkLllam 

lBAG ls 64 and. tbn~ from tbe " •• baDl1Q oetuorl 18 7;"1. 

AlIOng tOo spe010. oollec~4 troll 'Cbe _~ lakes ' .. 111. 

lJooaar11. 18 tbo _jor 11luaUi. tan' tu tbe lower Hecbee 
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aD4 l' 1 ••• 0Il '0 pe_tra'. lnwo;r4a an4 penl.' 

"pto. d1.ta1100 of 22 ka ln 'he Kala.kIllam 10ko and 

,~ km in 'b. "fe abaaad lu Jut. 'tbe 118X1111l1l DUabere 

of A. beo9!!11 1n (10 om)2 •• aple ln tbe K8,amkula. 

lako anel Vo.ballad •• tuarl are " and 27 N.pectlYel1. 

In tbo KGla~la. lake tbi. apeoio. 1. fount to 

aUrY1Te • lower .u11111 tl of 20.8~ wberen. 111 tbe 

V ••• no4 o.tU8rl l' 1_ 19.5~oS. 'roGue.i • Wla'. 

le tbo obaraotorl.'tlc apeole. ot 'tbe ~441. ro&ion 

of botb "be lakes BOG tillamna 'u.,a aud Sa,oomalu 

.pbaerioa aro tbo maJor iDbabltan'. of ,be upper 

par'. Tbo lIBXiala WlIlMn ~t !. tyOG in 'be 

KOlamkulam anel , •• bana4 lakoa are 24 aD4 42 re.po.'ivol1 

8 • .1.0 tbat of !. •• pwno, are 22 an4 2' roap •• tlTo17. 

A8 tOUl~d. ln tbo Veabann4 e.tWirl tbe other obi t1n:)\l8 

and .ilia.oue 6peoie. ooour rare1t in tbe marino end ot 

tbe KalaDkUlom loke. 

The .tfect_ of tbe bt4roarupb1oal paroaetera 

that 1ufluoDCe 'tb. 4i.'r1 bu'iQU of forumin1feral fauna 

ln botb tbo lake. are aoro or 10.. all11lar. In 'be 

KOlallkulaa lake 'bo bar ia oloe84 dl.lr1na 'bo pro-aoDSOOD 

por1od and tb.erobl tuo rcoru1'llOnt ot tne to.rald.n1ter. 
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fro. the ••• 1nto tbo lake b, t14al ourrent 1. 

,raYon".' • In ~e ' •• banu4 •• "\.lV1 tbere 1. no .".b 
barn.re to preYODt the p0l1otrat10n of tbe torolll1D1fera 

1nto tuo oe\uarl. :&it 1n .p1 tc of tbo more 8ubl. 

Ooo.latea, w1th loa •• r ' •• reo ot tluotuat1oD8 1n "be 

onyirOl1illOutal para_tor. oevoc1all1 4ur1UC 'be pro-

aOn8oon a0880n the Ka,allkulnm lako .upport. a oOllparat1yolJ 

.mollar ataot1ng orop. Tbe riobllo.s of the fauna 1D 

the Yoa.au4 e.twart -1 bG duo to 'ho etroD& '1401 

ourrent. for tbo wbolo leur tbUt foyour tbe penetrat10n 

of 'be oalcareoue .. r1ne for .. !Ato tbo •• 'uar,. 

On tbe Eaa' 008_t ,be 41.trtbuU.,1l of 11yina 

torall1D.1fera 1n tbe Vellar o."'arl bee been re port od 

bl RallGoathall (1970). !be foroll1n1feral fauna ln tbe 

Veller •• tuarl 804 1n tbe pro_cnt 1Ilyo.tl.a'10n area 

ore aore or lce8 atmller. Raa_tuan .bowed. tbat 111 

the Vollar •• tU&rl ''!OP1. boooar11 forUB tuo maJor 

o onet1 t"ont of tbo forall1nlforal fawlG and 1; ba" 

kocb.-So. &nflul.a ancl M1lla.all!! Moo uppear 1D. 

oODl14erablo a.ouul 1n tho uppor part. Aocor41aa to 

h1. tbe otber maJor apeoloe tbat 1OO801t 'hO _1'1110 

sone ,,.10118 to 'bo &onora R01.110, Elpbid1B~ 

jl.l11l9\lGlocu11nB cnd C1bio1cio.. Tbo Agglu'1no'o4 fon. 
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beloac '0 'bo ,oA.re tillaeSgo, ~rooba_lna, 

'tl'ular1. awl 'eobaO!ll1t.a. It ., be not.' tha' 

Saoea!!4no 'pbaor1oa, a .. ~~r lnbabi'.~t ln tbe 

proacut 10ftat110t10n area baa Jl~t been rooord.,' 

tr~1I tbe Vollar oetWlrl. A. obeono4 ln tbe V •• banacl 

It-kG tho large,' populat1on lf! fOLli:.4 In the 8u_r .ontba 

and dur10C 'tbe fl;)04 .oa.:.>n all tha oaloare~u. form. 

periah ln tbe Yoller e.'Llar,. In general tbe .paoial 

8~td aooonal dlstribution of forall1n1feral aa •• abl ... 

ln tbe ' ••• no4 •• tLl8rl 1.. ooaparublo w1 tu tbat ln tbe: 

Velar ofltLlar,. 

Tbo 4latrlbutlou of foroll1nifora of tbe Cblpurupalle 

£ltro&Ul ln Au4b.ra Pra40ab ba. boau etucl10d bl Rao onel Rao 

(1976). Aa ln tbe ouo of the Vollar 88tl.la:l. tao fawua 

ln tbe pre.ent 1I1ft.t1anu.on area bu greu t .tfin1 '1 

w1 tu tbat of tuo CW.purupalle atrotl~. 22 l1T1ng .pool. 

baTe boon reoord •• trom thi. are.. et tbo • ., tbo 'lplcal 

eetl.lU'1no tora. <'FOal. De008r11. 9u1ngueloeuUsQ .01l111ul0 

and thl1apSea tu.eee are tuo mo.t 00lIII011 an4 other 

epoole. are onl1 .oane ln ooourrone. Otbor apoel0' tbat 

ore found ln I;;otb tbe are88 are APobaouUH. 411.'"\18, 

Pg 1:.. Y1DS atria\yla, ,ulng"elt)ou.11na !omlnulum an4 
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frilooullna obloDlc. fbe 881n t1tterono ••• on 1n 

tho ooourreno. ot .po01.. 1n tbe two areaa 1t. ttult 

rao9a.-1u • pbaor1oa and !E09baae1na inflata, tbo' 

4oaunan" .peel •• 1n tbe pro.ont area ban not beon 

rooor4o .. trom 'bo ObipuNpal.le eU'eaa. Tbe 8utb~r. 

baft polnte" 0"" tbet!. bo.car11 aDd. ,;i. aemlnulua 

reproduce lu tbe .tro~m lu fa.ourablo 00010&1081 

oond1t1oua. Tb. ooourrcuce of tho ,oung ODOS of 

!. bolearA1, ~. '0!ipulum aDdE1Rb1d~Mm cri.RYm ln tb. 

arlne onU of tb~ oatuar1 1~~cl1oatoa tbat tbe¥ roproduce 

tuoro. !' ill110rll tbe pre •• noG of tbe 70\l1lg onoe of 

"uo cill t1nou8 and £illceoU8 t;Jr. 1n tbo uppor reaobea 

of tbo 88tuarl lu.41oatea tbt.lt tboee tor. reproduce 

there. 

While atl.1411nl tbe botto. fauna of "bo Ch1lka 

lcke Patnaik (1971) bee :>beorvo. tba" tbe foramin1fora 

are "be JIOet 4olliWU'lt m1orQ-ucllthoa 1n the lUD an4 

tbat tuol are found db· trlbut8" all oyer tbe area .1 th 

IDOlltbl.Y fiuctuat1oD8 ln 1ntonE>1 t,- Aoco'r411l& to bl~j 

"bo .... onal dl.tr1butlon of !oramtD1tcra 1. 41rootl¥ 

related to tue fluctuatlona lntbo saUDit1 of tbe 

luko. Tho maximuJl DLlllbor ot SpeCl111CrA8 18 roporto4 
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tro. tbe lake clun. tbe uI .... on 8D4 tbe milia". 
4",riDe tho tl~o4 e.ueon. !lb. lar ... t DlIIbore are 

l1ot1004 ln 'bo oon'r81 part of tbe lake. fpes1 __ of 

Ro'ali, aD4 E1Pb141ua area tbo OO_OD tora. !be abo 111 

f1DCl1uge of 'f. ... 'na1 k: 18 in acreoment ,,1 'h 'be pre.oD' 

obe.nat1on •• 

MaI1J' of 'be epooio. reoorde4 1n tbe pro.Ollt 

001100'10118 ban boon roporte' tro. tbe ea'taarlno enTiron

menu 11'0. otber pane ot tho wor14 alao (Parker and 

A'hoam, ")59, h1e.nol. 195;"1 Pbl ••• r, 1960, 1'onl an4 

Roo" •• r 1967, 110bo18 .,.4 E111.011 1961. 'ir1Ih', 1968, 

8ebater, '96~1 Taplo7 19'1. ~." 1968b, 1971. LoT7, 

1~71, Dol'oftkol anu lAma, 1~71 and A1banl. 1978). 

Wbi1e • ",,1,1 DC ,ha torall1D1tera 1n M1raa1ch1 r1Tor. 

Gulf of Lawrenoo, O.DA40, fopl., (1969) boa ob •• rYed 

tbat 11111a_99 tU80a 1a 'be cbaruo'orl.tic apcol .. 

In 'be "',,er reglon 01u1 A-91a beooar11 in blower 

"&10n of 'bo area. Tb. rolatl"ll largo DWlber ot 

oh1'ino",e aud. e11101)0\18 epoc1ea of foreml1-~fera report04 

by 11cb.ole a •• 4 ~';111.on (1967) fro. tbe RappabaDnook e.'u8rl. 

Northern Virg1nia 418plo18 tbe .nme 41."1'1 butlon pattorn 

.. 1n 'be pre.cnt 1nTG.'1gatlon areo. Aocor41ng io hi. 

M. tu.oa 1. 4oa1nan~ 1n tbo upper .iroom and A. bo.oarl1 
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aD4 E1Ro14!M .pp. are 'be 401l11180t .pool0. in tbe 

lowor part. 8pool0. ot tbo IOnu. Aamobaol.l11 tea ooour 

in cona14orable nu.bare 1n tbe treeb wator Bono of tho 

Rappabarmook •• '"arT. Port1 aud Roo',&or (1967) baTe 

"oorclocl epee1 •• bG10DC1u& to tbe ,ODera ~111alJlll1na. 

Saooammina, 'r1loo~liD8. quing"olooul1oa and Elpbidlya 

froiil tbe oa'tuar1ne oDT1rol:u~entfj in Dras11. SOIlO 

tpeoloa of tho taa1l.J V.ili~lidao have beon reported 

b/ tingbt (1968) troll 'bo braddab watcre ot Ar,.ntina. 

TbG toraminiteru of tbo Tar_r E.tuarl, and Chri.t Cburob 

Harbour ln ED&l.Alrw baft boen a'"died bl )turreT (1965a, 

196ba) • 

and Elpb141uDl .pp. a. ,be mof.'t 40mluan" tor. lu tbe 
\ 

lower pan ot t~e area anA !. "'.08 _ tho doainant 

.po~le. In "bo upper pert. 30l'OftltOl IWd Lcl18 (1971) 

ban n ... iewo4 'tbe ooourrenoo of ,I. tWloa, 1. 19'1a" 

onel ~. aRua.r1oe in 'tbe froab "o'ter oonc11 tion8. Tbae 

'throe 'pooloe that are known to .u.nivo ln 'tbo tro.b 

wutor .041". are fOWld U"'i~ 1n tbo tre.h wator BODe 

ot tho i)reaont 10 ..... tl.otio •. aroa alao tbroU8h~"t tbe 

1001'. Of tboeo tbro. apecloB !. 19t1a', eb::.e a al.ar 

protorllco tor a .1i&b~11 bigh.r ao lin1 ~1 1IlO41\l11 wben 

co.pared to tho ~tber "",0 a poo1.. • 'rhue tbreo a peele. 



0811 be note' a. tr •• h .. tor tor.. a. ~4 bi 

:01"0"&01 and Lona (1971). 

The t01al po,~lut10D 40ne1tl of toraainitora 

dot.rld_4 bl AntoDl (1966) trom tbo oontlneutal abelt 

ot Xerala tOJ'm8 4 to 112 apec1IDGua per (10 0.)2 aurfa.e 

aUllpl0 w1tb an averaee _luo ot about 50.pool_na. 

Aocord.1ng to ft\lrrGT (197') the a ... erace wmbor of lin. 

foro_nilera 1n 1be eurtsoo 8e41_nt aCllplo. In tbe eoa 

.ar10t; fro. 50 to 200 per (10 oaa)2 an4 be bu polnt.,4 

ou' that in oor1a1n aroae 1be ya1Ll. _na08 fro. 0 to 

.500 per (10 011)2. The total 11 Y111& toraaimt. ral 

dona1", recorded 1»1 Bao 8114 Roo (1976) 1n ,be Oblpurupolle 

.tream bAe a range ot 0 to 37 apeo1_Jl8 troll a W111 

Yolw. ot 10 llIl 8urtaoo a.cUmeu,. G.1tolu.41ng tb. 008pt

ioDtlll1' larle popllloUon of 250 spec1J1OUII 14 tbe uppor 

ond 01 tbe eat"arl 4\lri_ tbo .,,_r aea.on. Patnalk 

(1971) 4.terll1ne4 tbo torliJd.l11teral a,0n4111& orop la 

tbe Cb11ka lake w1 tb tbo higbost .alue ot '22 speolmen. 

per (10 011l)2 .o41ment aoaplo. Aocord1ug to N10bo18 and. 

El11eon (1967) tbo l1YlAS foromiD11oral populotlon 

range. trom 0 to 41 per 20 al 8a.plo In tbo RappahaDDook 

•• tuarl anel be bas reoor4e4 a _xl",1I of 500 .poelaoa. 111 
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(10 0.)2 •• aple. In tho proBont .olle.t1on 'be DUmber 

of 1n41Yicluala 1u (10 .a)2 8urfooe 8od1mon~ oGaple 

Jl'one •• from 8 to 80 111 tbe pro-tlOl18oon per10d, 5 to 42 

1n tbD p08t-.onoOol1 porlod and 0-11 ln tbe menaOOD 

pcr1oc1. Thl0 obow. thot tbe otooting .rop ln tbo 

Voabanad oetu&rl 1& 0801101' tban thooo ot 'bo aarl10al 

M1'loo ollY1roWlOo'k of tho adJaoent eoa. Wbon ooapared 

wi th otbor oatuar10. the torQmln1feral atan41na orop 

of 'be Vembaua4 oatuar¥ 1a a1aller ,~ tboae of tbe 

CbiPUNpallo .trea., 'b. ChilD lake am 'be Rappabaunook 

ao,ar41uc tbo 40a4 B he 118 Ruo and Bao ( 1976) ha .. 

recordod 16 to "48 ebella PCI' 10 III o.41_nt eallpl. troll 

,be Ch1pLll'Upallo etroa.. In tbe lCo¥allkulaa lako tbe total 

DU.belr of 40ad obelle reoordod bl AntoDl (1975b) 1. 

about ,0 to 2000 per (10 •• )2 .ample. Tbo 41etr1but1on 

ot tbe 4oa4 .bolle 1n tbo proeont 1n'Y •• t1gat10D aro. 

rOloge8 trolll 40 to 1800 por (1') ODl)2 e.diamnt oump10, 

'berooJ oho.iag 11 01080 811111ar1tT w1tb tuooo of 

Ob1purupallo otream and Kalallkula. lako. l,Ut tbe 

d1etr1but10n ot deacl ebolle 1n tbo V •• bane4 0.t"8rl 

bu. DO olld.lar1 t, w1 tb thu t of tbe adjacent aoa wbero _re 

'tuan SO,OOO <1.ad abelle per (10 0.)2 .allt)lo are reoorded. 
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Tbe lower auaber of tbo 4ea4 ,belle ln 'he .,tuarl •• 

-7 be duo t:) tHO dl •• QlutloD of deod ebolla ln )be 

.,\uarloc oUTlronmen' b¥ )bo 80141)1 of wat.r. 

Pro. tbe torol:»lng aooOtbt 1 t 1. endent tbat 

'0_ .pcol .. Uko ,~.lIm9nla Hceml, 'l'rooba!!!1D8 lnflat •• 

~1Ua"'no ,yeol,ig1Muelooullou leSwlyZl. l·lpbi41u. 

cri.eRu~ ~. orl'lou!!",., 1. ,dTOW', ~. _collslI aDd 

Clb101clo8 lobatulya are enJoylag AD ox.ueiTe &eosrapbio 

di.tribuilon in o.tuarluc oQYlroumenle. Apar) from 

td} above o:»..,n .pe-c 108, tbe pre80DGO of oertain 

i80luted .poole. like 5.90.",,0 !,beerica, Bbeop!X 

.c~ttit A'&gbGoYl1t •• toxlorouell, NoplQn 810001. 

,:;oliTiR! !tn.tule, OperoullJl.lle cwns!!, 12. co!plagas" 

R9~alla caloar and D1!sorb1e [01600' in dlfferent 

08i90rlo& Indieate tbe Tsrlat10De ln tbe geographioal 

dlstribution of epoole •• 

In sonoral, 'bo 41atrlbution of toraJll1nltera 111 

'ho Vo.benu4 eatuary la more or 108& .1~llar to tbat 

reported trot o'ber •• tuario. 4ue t~ tbe tuot tbat all 

tbe e.tuarlno 818to_ underao the per10d10al ellTlronllClltal 

cUeoae8 due to tho tielal lnfluonoe on ono band and tbe 

treBb water inflow 011 tbe otbor. 
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Aqg11eS1Ht10!1 of fory1!litera lD tb, oatuarine oo.plox 

I) i8 uniTOreellj aoo.p"e4 tbot treah wator tauDe 

hae boon der1 T84 from anolont war1ne ani (f. la • In tbo 

Yo.bauad •• tuar1 marinG 8pool.a ot toram1nlfora have 

ptnotra).4 lnto tbo braoki.b or tre.h wa".r. tbrouah 

_dlD of prOCl"'!a8iYol1 deore.a1oe ao110.1 t, .. tOWlcl at 

the moo'tin& plao. of tbo 08tuarlno 81sto. and aoa. 

Moet of tbo lIIOc1ern braokiah wotor an1WAla are tor • 

• tuob baTe lli.grytecl troll tbe .ea. In tbe Vemoana4 

.atuar, 1 t 1. found. tbot 01011& w1 tb tbo fresh water 

apoo1e. of !ora.;..D1fora or t»raokLah wotor epe01e.. tbe true 

_rino apee1e. A!IUOa1a bo.oar11 1. oapable of aurnnaa 

1n tbo braokisb _diu. in a low au.lln1tl of 19.5.". 

Thi. 00011 .. t1 •• t10n of mar1ne tora.tn1feral epe01.. to 

trequ.nt obonge8 ln 8Q11n1),. wou.ld be •• rod".l oboOCe 

ill 'tbelr pb.l8101oQ frout a'enobal1n1 •• ,,~ eur1hal1D1am 

•..• 0. from polld.1oallOtlo1 tl te> ya171ng cred08 ot h01lO1oallO't10 

bebaYiour clepcn4ina upon tbe 8poaloe and ooncli tioue of 

orrn.ron_llt. !bua tt.e .atuarlllO e14TlroI1I11U1) baa beon 

Gnd continuos to be an 1.portent route tor tbe migratlon 

of tbo uni wale tro. tbo 60G t:.> f'rtt8b water. 



• 
InBHS~I!IAL I'ORAMINli'~1\A Ol' THE o.\)U)y 

l1IAOliKS or mE ~OUTU .~T COASt 
0)' lJUJI.l 

ftw _oU.. plao. .t tbe •• a an4 lalUl 1. a aODe . 
ot yar71nc .14tb'an4 tbl_ aODe 18 at..,. .ub~o.to4 '0 

_n aot"oD aD4 '1481 _'ft_DU. tfbe anl!lbe.OOD 'bo 

.xUe. hi.a w.tor 10 ... 1 awl ,be oxt"_ 1 ... a'hr 10.,..1 

of aprl. '140. la oOaaQal7 0011.4 'bo 1u,.n14a1 .011. 

awl ln 'M. sou ,be .,... __ •• Il _OM p~lolo. 1. 
known n. lD'ore"1'1.1 ana. tbe 'Mn fila ot water 

pre.8D' aroUD4 'be partlo1 •• ot eaa4 ln 'be lu'er8t1'1.1 

area» ,,_ .. bl"e' of ..., _.11 aD1Mla ooa."l',,'lac 

tbo 1n'enU t1al f.una. Tllea. ani .. la an .ubJ 80' •• 

'0 e4nno .1lT1roJlil,on'.1 ooll41 '1 ODe 11~~c oo.hl y • 

• a" •• '10n, .... onal aD4 dlU'DDl cbcaalee in aallD1', 

an4 ' .... ra"'" and. up.-an of '14&1 flau '0 'b. 

tbe luftnobra'. fauna lnhabl'l. 'bo In'ore'1'1el 

a,...a of ,be aaDdJ beacbes baa bleD a aubJoc' of 

In __ l" .'\l" all ..... r ,be wor14 (PeDna~, 1940, 

Qauld ao4 BuobanaD, 19'" Wl ••• r, 1959, 8084.D, 1961, 

196,; Maonae... blit, '962, S.o~k. 1964 ~ • hI' 
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tbe laat 10 700re a .aber of ,.,.1'8 ... 110& wl tb 

lnten'l tlal tauaa bay. beon pabl1.be' lD ID41a. 

Par'loular .~D'lon_, be _cl • • t the WOI'D ot ,-,.'1 
all4 lao, 1962. Mo 111'~., 19681 Ra. and. Ganapatl, 196e, 

,"ysll1oa !l Al, 1970 an' Phi1lp, 1972. 

,be _0 laponan' .""pe of pro'oao... laba'l tlac 

'bo 1 ntenti tla1 • pa •• a .f tbe .aD4J .aobe. are 

lorald.D1fera anCl Cllla'a. A-DC thee. Wo .nupa. 

foraa1u1ten 81'8 ,be •• t 00lIII011 ln ,be beaob aaD4 all 

oyer 'bc wor14, oOllpri.U. l1Y1DC .... 11 _ 40a4 

r.pre •• n .. 'l .... 

Pro. ,be eoolo.l0.1 ,01n' of Tie. tbo .t"., of tbe 

fol"flll1n1feral tawaa 1. lapor"", .1noe out of ,be ... 

• peole. fowa4 ln ,be ...... 1 wat.n oall a few an 

fow:ul a4aptecl '0 ,be .,.olal 00M1'10. of tbe 10unl481 

ares. 

he ... e l' 18 •• , '0 0011eot foraaiDlfera fro. tbe 

aau4.J 0_'. ,reo'or part of ,be oarUer worka bu beea 

oODOeme4 .1 'b tbe 4eM abolle of foraJl1nlfera l»roUCb' 
-, 

tro. ,be .hore ..... (Willis_oil, 1958). the at",c16 of 

foraaln1fera fro. 'be aeD4J beaohe. bae Mon a ."-Joo' 

of groo' lnter •• ' In ,be Europoan .088' (Phloger, 1966, 
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1970, BoltoY8kol, '970, Ba~. 1964, Riebter 196., 

RYaaa. 1965, IIU'I'a7 1965 \). 1971, 11.41.1 .!!. .ll 1961 

ancl 1b'aobaw, 1968). 'I'be .',ull.. OD the ••• lled 

'"'0 __ .t tbe %DIll.a .out ba .. NOll la1tl.tect bl 

Bbatla (1"1) ao4 lao arA 0 .... ,.'1 (,,,a). ;~Q' 

b1 '_no ~ att •• pt ... MOll _4e '0 .tu4, 'bo •• 

lI1oro-orcan1a. tro. ,be aaacl7 ___ obe. ~ 'be South 

Woa' Coaa' ~ ID41a, lD nlation to 'be ooolo.loal 

001141"1008. !bo 81. 01 tbe ,reaeu' .or}[ 18 to 

lD~a'l •• to ,be lntertldal lora.tDiferal fauna, their 

.... oual, MOUft"eDOe, ,.'''OJ'D of U.'ribuUoa aut 

.bu4.... aloDC 'be 8 .. "b ... , 0 .. " of I DcUa • 

"'.rl.1 an' ."bRf! 

!he lDyo.'lCatloD area 1. 'be S_tb " .. , 00 .. ' 

of I~Ql. ea'.nti. tor a,*" '00 ka lD 1 •• t •• 1,.t •• 

bet-o •• la'1tu40. 8 0 1"· anel 1,. 52'25· I. aD4 

lonal'~elea 75° 20'10· aD4 71° 12'00· • (~1 •• 10). 

D\1r1nc 1914 - '76 .sapl ••• ere 001100t •• h'01l , 

tb. 111"ort14al area troll 8 1"al1 tl.. alo. 'be 0 ... ' 

kten41. tr:)JI QaDUDOI'8 in tbe north ,g Cape COllOria 



Pia. 10 IIap ot Sou'la W •• ' 00 .. ' ot %nU •• bowlD& 
.""lona tro •• bere ••• pl •• wero ooll.o,.Q 
tor 'be .'u41 of torald.mt.n. 
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iD ,be .OQ,b (table 8). Of 'b,.ea 1 •• al1'1 •• , 

_a'illI oolle.'lo_ .ere '.Dn tro. ,be Ooob1n area 

'0 "ut, la cl.'al1 'be OOOU'l"eDOe of torald.D1f.ra lD 

re la'lon ,. 'bo 00018,10.1 para.'.n of tbe 

in'ert14al area. ,~ .... h of 'bo o'ber 100a11'l •• 

oolT 'u-a 0011eo'lo_ (10 Apr11, Ju1¥ anel l)eoeabor) 

.. re .ate 111 an 7eor oOIT8.pOA41. '0 ,_ t .. e .0 .. 0_ 

ot 'be par. 

11e14 90ll!o.1011 

Por 'aJd.D& aSllpl •• , ,taG intenidal &0_ of tbe 

aa.,. .bor. bee beell 41ff'.reu'1atod 111'0 4rl anet we' &.... !be .. , &ou la 'be lower "C1on whiob i • 

• ub_r.e. b,y ,be _&Te. ,ba, roll OD 'be abore a' 

freqtalen~ lntenala, wb.11. 'bo upper portlon 1. "'1, 
4r1 &D4 1. 8,,"-r .. 4 01111 ltl ,be ri.log '14 •• twioo 

a cla,_ ltere alaa 'be QPper.,.' region 18 .. , bl .oa 

.. 'or 01111" b¥ ,be b1abe.' '14.. cluriDg full ~on and 

ncaw MOD. 

In 'be ,re •• n' ''''''' 'bo toroll1aifere .ere 

001100'.' fro. ,be we' aODe ot 'be lntertld.l zo,1on. 

!bree ,01n'. ..ro fixed a' equ141.'an' 1n'orYala -

tbe fir.' 0110 a" 'be bi&bO,' loftl of 'be we' sone, 
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!abl0 8 @:l :!It::I~I!' 'ro. -bin lp'.n"'"l ••• 1 •• 

~~~.-~-~-~-~-~~~~~~----~~~~~~~-

1.oolU'1 8,.'101l .0. PalSioD 
LoDe. E. La, ••• 

-~~~---~~-~-~-~~~--~~~----~~-~~ 

Cape OOlUllOnll 1 77 10' 00· 8 l' 55· 

J(oTala. 2 77 2' JO· a 21' JO· 

!rlYoncirv.a , 76 55' 15· 8 '0' 20" 

Qul10n 4 76 '5' 50" 8 52' 45· 

Al10pP" 5 76 19' 20· 9 26' 40" 

Coohln 6 16 15' ,0· 9 5S' 12" 

C.l1ou' 7 15 .,' 00· 11 HP 10" 

OenDan!>re 8 75 20' 10" 11 52' 25" 

~~ .. - .. -....... -- .. -..... ..,- .... -~ .. ~ ...... -- ....... -



131 

,be 'hiN a' tbe low •• ' 10ftl .t tbo ""41111 

WOYe8 8DCl 'bo aooon4 ODe a' tbe al •• 1. of ,be I'OC1_ 

In betw.on tbo t1n' aDd 'bo 'bin. All 0011 •• '10 .. 

.. re ,.un 0' low t14. on1l'. Prom .8Gb of tbe ,tano 

polnte In ,be regloD 250 al ot ,be .uzfao. '.poel' 

.... un ... 111& a qwaclrat, 10 •• :It 10 •• pub •• 

2.; •• '.0, 10'0 tbe .and.. Pro. 'bi. 2S III of 'bo 

aaaple _ca prea.nod 10 aloohol tor .'u4J1.. 11'Y1D1 

toraaiu1foro. Duplloat •• Gaploa •• re pro.e~4 fr~ • 

••• b a\aUoll tor .'u.t,.l.D& 11'Y1DC tonll1D1t.ra and 'b. 

aYoraa- ~.ber ... oalo~la'04. !be r08' ot tb. • •• p10 

... U1e4 anci •• cl tor tbo _al0 al ••• ualla18. 

fTl4roaz'8pb1o 'a' ... re noorcle4 .... all tbe 

.tatlooa at 'bo '1 .. of o~ll.o'ion of aaaplea. 

Teapora'ure of 'b •• ' .. pbore •• _ .. 'or 0114 the a .. 

• t ,be 'breo leftl. ot the Uta1 ana .. re Dote'. 

Water aoaple. were 0011eot.4 from tbo .0. an4 froa tbe 

lnwn14al ar.a tor 'h ••• '1_t1on of .. 11011'.7. 41a.o1oye4 

OZ¥pu an4 pn. ,be lnt.ntl'l.l water ... 0011.0'04 

b, ,uau1nc In'o tbo aol1 'bo on4 ot a apeo1alq 40.,1 •• cl 

pipe'te ancl .uokina 'bo .. 'er. 
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IMll.l. " Sbe '.p1 •• 

Tn Sbe laboraS'J7 ,be pre •• "*' ..... apl •• 

.. re .'.lne4 .1 tb R3. Beaaal. ln ,be .Sain for 24 

bGurI aD4 'bell ... be4 ol.t.lZ'l¥ S~ "110ft 'b. .xo ••• 

• tolD .04 4ri.4. lPoraalll1f.nl , .. S. "1'0 "para'.' 

tro. ,be .and D1 floa'a'ion ln .arbOn '.'raoblond • 

• olil'1 on. Tb ••• 118 of toroll1D1l.ra beloa Uabwr, 

flo.Sed OD Sbe .urt... ot 'b. .oluSione !b, .urt •• , 

_",ori.l ••• ,eare4 Sbroqb • 6, p.~, 4rl.4 anti 

'renal.m4 1nto a ,.'rl-t1.h. '!'be re.i4u.l .ad ... 

.. a1n eall1D.4 004 .., 'ol"8II1u1f.ral , •• " 1.t, •• re 

pi.Del and 844.cl " ,be .rop!. 8_11 ,wan'1 '10' ot 

'nla _"1"1.1 we •• preM 'b • alaea pla" .n4 nallino' 

un~.r 8 .'.re.,.op10 blnoo.lar -',roe.ope. '!'b. 

41ft.ren' • p.ol0. were 140n'111.4 and 'b' li't1.ng and. 

4.84 "pYla'10D! ooun,.4. !be ,ra1n .1s. ., 'bo .8D4 

... 4,'.r.tn.4 D1 ualng .'an4ar4 ED41.o" .10 ... 

(~.be1n anel P."lJobn, 19,8). AnalJ81. ot 'b • 

•• 'er .a.pl.6 ... dODO •• ti".r1bt4 ln 'bo e.rll.r 

pan. 

9.!E!.'loUl 

Th. aa1 .. 1 population 1n an area 1. aft.oSod 

Dl 'b. pb,yaloo-oboJl1o.1 ' .. 'ora Uk. ".,erature, 
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.aUD1 '" 41 •• 01 •• 4 UZ.OIl 804 pn. Por WlCl.ntan41q 

'bo •• olOCl of fora.1D1t.ra tho abo.. paro_\en "1' • 

• ,,,41.d. aDC1 ,be ro.u1_ ar. &l •• n ln ,.la. 11. 

T ••• mm l 

'rbo •• U.on' .ap.ratun 1. OM of 'b. me' 

ftr1able f .. 'on 1n tbe area an4 1" .b:.. • ... 0WI1 

•• ria'loDa. 1'bero 1. 11' tl. 41fterenoe Mtw.on a1r 

_ape"'''" an4 BurfG, ••••• a'er '.aperatu" wbil, 

tb.r. 1. 41tfo~DO. bot •• en 'b. , •• ,.ra'ure of ••• 

• ator an4 tbat of tb. iu'orat1'!al •• t.r. !be 

'.mporatue of ••••• tor la Oll _ a""race 0.9-0 

l.oIrer 'bau tba' of 'b' in,.n148l a... Por ••• wot.r 

'be ' •• rot"" I'IlllCc, tro. 27.5·0 In Jull '0 ,2.0·C 

1t,;. April an4 tor 1nt.r'14.1 .ant l' ..... trom 27.0.0 

ln Jt.tl¥ '0 ".1·0 ln April. aeD8ralll the tomperat"" 

lnore.... fr!>a low .at.r ark towar4B blab •• '.1' ark 

an4 l' "1'1 •• aoooril~ '0 'be '1me ot ,be 4a,. !be 

"lIperatau-e. of ,be .and. a' ,be low '14. 10.,..1 aD4 

'bo .4~a •• n' ••• wo'.r are .. ~or 1... 'be ..... 

!be wax1mua Tar1a'1on 1n teulpera'un 1. obeene4 a' 

tho up,:..r 1 • .,..1. wb.re l' ra ••• 11'0. ,'.00 0 ln 

Septo.b.r '0 34.1 0 0 1n April. !bo 1114410 ft.lon .b .. 

'YOr, li'tle 41Itereo.o., .1110. 'bl. valJ8oo' 1. al"" 

wo, _1 'be ..... ao4 r1.1n& '14 ••• 



Plg. 11 Montb1¥ _nD YBlll.. ot 'e.,.ra',,"_ 
.aUDit,. 418.olft4 0Zl •• n aDd. p8 .t 
,be 1,-'.rt14al ana a' OOOblD 4ur1raa 
1974 - '76. 
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8a"p1~11 
naa •• on tbe Yarl.t10De 1n .al1I11t, _4 ralatal1 

'tane .... OM a" no.,.Di8." 11l 8n ,oar, • pre-.O_OOIl 

(Pob. - ..,), JIODllt>OI1 (_, - sept •• bor) and poe'_O_OOIl 

(00'_ - J&DI1ar,). !be pn-aoUOOIl period 1. 41', Wi'b 

1 ••• rain tall aael tbe ... 1 ••• aUDiV (,4.6g,l, ) 1. 

11o'.cl 4lur1D& tbi. peri04. tbe .0_0011 la ohuraa'eriaocl 

bl be •• , rain tell an4 'be low •• t •• l1m." .alue (24." .. ) 

1. obe...,.., c1urilll 'b1. ,ol'1ocl. !'be •• 1101'1 ot oout.l 

•• '.n 1. "cl,,0o4 to • Id.ni_iII of 26.581'0 4". to "le 
intlu of fn8b "'0r fro. tbe baokw.'en and rl .. n. 

!be poat-aou •• on period ab.. .n "pwarc1 'renel 111 

aa11111 '1 eftn'houcb 'bere an 11\&0 .... '10118 oau04 ".1 

,be nonb-oaa' 8ODaOGll. 

,_ In'.r.t1tlel w.'erabowa 111,ber aaUDi', 

.. lue ,baD a •• w6ter tarlas 'bo pn-.oaaoon aB4 

poa'-__ OOIl perlo4. t beo ... of 'bo ..... 'ol'8t1011 of 

oopl118rl ".'er '"r111& 'beae 4r, .eeeoDIJ. tJal, 411rilll 

.01180011 tbe In'.rat1 t1al •• tor .bows l ... r saUDi", 

.61\1 •• D,,' ,be 1nfiltra'ion of tn8b •• 'er. fbe aa111l1 " 

•• 1u •• of 'be lu\.rati'i.l •• '01' .nd ,be adJaoent .0 • 

•• 'er tor 41ftoren' _11'. are abowll 111 Pia. 11. 
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Di ••• l". "",RI 
tbe a.all.bill" of 4i •• o1 ... ~leD 1. "Dll'er" 

_ .ne of ,be 1.portent fao'ora 'bot eon'rolt fonll1n1foral 

population. Di •• olft' !XI.,n oon"llt of ,be _ter 

.01leo.,4 ~ro. ,be lnhra'i tial ana ebow. lre_' 

tluotua'loaa &D4 tAi. 1. 4ue '0 ,be biaber wa.u aot1~1l 

awl \be .xp~'u.I'O '0 otuu~ •• 1n _'aao'pberio oon4itioM. 

Tbe _au .alu,. of 418'01"4 .,. .. n rlllJC8 fro. 4.4 IIl/l 

(Deo'''r) " 7.2 al/l (.ruls). 0._1'0111 tbe ox.raell 
yalu" ",oro'" fro. low '0 b1ab Utl. 10.01. 

£I!. 
pIt .aluo. of ,be iutora'l tlal water are 1 ... 1' 

'ban tbat .f .ea wator. I' rauc,. fro. 7.7 (.lull) '0 
8.4 (April). !bo pH yalue8 reoor4.4 at difforon' .olltbl 

are ,i .. n 1~ Pia. 11. 
'-'\40. onc wa., •• 

Tbo 'i4.. In 'be area are of 'b. .0a1-41uraal 

'IPo and 'be 'i4&l ,bit aD4 flow 1. OD&) of 'be fac'.re 

in ~. area whiob 'e'.rmlae. tbe wi4th of 'b. lnhab1'able 

area ot 'be intor'lelal •• M. !be Clllpli'uela of '140' 1. 

Yar1.blo be".n •••• ona .nd DOOp '14 .. and the ra., 
o~ 'ba lower low •• "1' .pr1uc 1, .. 1 alld kiaber Meb 

wa",r 'priu& 10.01 are 0.20 • an4 1.05 • ".,..'1.011* 
(IIlc1lan 1'lQO Table). S'roDg wi.rlb alao proclue. '14,. 

WD!ob reUS' up'o 1.5 " a •• 
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.Ae,ool.t04 w1 'b tld. 1a ,he ,h.no_noD of wa .. 

• 0'10n wblob 4.t.r.iDoa 'bo _~unQar1'. aDd alop. ot 

'no In""1481 sone. Dvioa the IIOneoOll p.rl04 tbe 

w • .,.., .. , tbe •• n4 ... ,op4 tbe biab t14. .-rlt. ~be 

waye. and '1408 4e'.rll1D8 the oxpoeure ot tbo o!,&an1ea 

'0 , •• 10oatloll aD4 otb@1" 'I1Y1ronmen~1 ood1 tio" ot 

the '14&1 1:0,.. 

fiapcl '£919 .1 ••• 
In all tha 8 .'_'lone tbe .tm4 ~t tbe 1"'0£'14_1 

.reo 1a • .tx'uro of partlolee o~ dlfterent .1.... Tbo 

.an4 poiJ:III are olaae1t1e4 8fi YeEI t1_ ,8114 fro. 

0.06 '0 0.115 .. , tlne .ao4 0.125 to 0.250 .. au4 

.. 41". aan4 0.250 to 1 _ (Iwaall, 196'). aaa ... OD 

'tuo titt.reno.. In panlo1. 81" til. be80b •• 41_0' 

18 0=»1Ip.04 ot WEI t1DO '0 _41". .... '.rbe 

,.ro.n'" _tallts ot .aDd &1'&1- are .al_lat., 1l81aa 

tbo toraala It, fraak (19'2). 

G'll!rall¥ ,be •• ellent ot the 1nten14al area 

18 pro4oaill81ltll _41". ,:) tiDO .au. ,A arnu'1::m ot 

a1ae Tar1at1on 1ll a.on at tb. cl1ftorent son •• epiC. 12). 

In tbe low _ter leftl 'b.re 1. - ,oDa1clel'tlbl. hi.beE 

,zooponloll ot aaD4 ana cl_a .b.lle. 'rom tb. 'OU 
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prv •• nte4 In l1g. ". lt 1 •• lear that tbo al •• 

ot tae aand ara1na 41fte,. at tbe 8 .t.'loa. At 

•• '10a 1 tbe .u"'ro,u. 18 001lp_04 of 1 •• • t ftr, 

tine aan4, 41~ .t tlne 80n4 aD4 45~ ot .. dlu. 84Ddl 

wbile at •• '1011 8 1t 1. 6~. 2'" an4 8~ napoo'lYe17. 

Tb. per.cn .... ooapoalt10;18 of f1M •• DCl crai- 40 Dot 

",axl lIlob 111 tbe otber 0 are. and a' tb .. e ."'1008 

tbel rODeo fro. a 1IIoX1 •• ot 5~ at .t.'10A , to a 

aiD1._ ot 42" a' .tatlOIl 1. Tbe peroon'taae welcbt 

.;)~ _cU"a aaDd "tario. troa " at ota"loll 2 to 20 at 

atatio •• 8, wbilo tbo "terl flDe •• 114 .0.p081 t1GB 

ooua'ltut •• a .tD1.ua ot 2~ at .tatlon 2 and a .axlwu. 

fro- tbe 4uta preaent.et l' 1. aaoll tbat t_ 

.1.0 ot tbe .ad arel. ara4uall1 1oorouo. fro. aonil 

to 80utb. !be aubltrot. ot tbo , etat100a at tbe 

.~utborn end. 18 _lall ooapo.ecl of i1 .. to _41u .and 

.bile tbe , etatlona at tbo northern •• bon ",er, tJ.n. 

aano. anti tlne BOnd G8 tbo Mj ~r oon.'l 'tuont. 
Ig)o gtlt,.l .~~ "£1 

Tu irregular .ape ot tbe eand aralll8 pron, •• 

lnteratl .. e iu wMob water 1. 111104 b7 oapillar, aotlon. 



Pia-" ~1.t1 .... iab' porooDt ... of 'be ,rain 
81 •• of •• 114 at 8 .'a'loM •• "ring 1914 - '16 
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M1.rooraaD1 •• lnbab1t the lntor-epaOCt8 tbat are 

tor .. 4 bl ,be lapert •• , paoklQC ~f d1fforent .i.e. 

partiole.. Tbe .ap111arl water 1. dopeD4ont on tbe 

D8~ ot 'be cl8poalt aael tbe ti4. 10TOla. !ba 

percent... ot tbo w.tor oouteot of tho ourta.o ean4 

at bleb •• ter 10T.l 10 1 ... 4u. to o.,.oporatlO11 or 

4rainaac. but tbe water oont.nt 1nor088 ... itb depth. 

The •• ount 01' lntentl tlal _p11larz water 1~luel1OG. 

tbo 41.trlllutlot. GuG abU~ .. 'aDO. of tbe taaaa at tbe 

up vor 1"01£1011 anei lIl14dle rqlon. At tbelow tiel. 

IIBrll: 'be 1u'orap •••• ot .&Del ~lel •• are alwa.,_ 

til104 .lib water enu b~no. the !~ramlD1tere o.our 

1u lareo D&labera. 

me trlW'ion ,6 fora!\RJ,Ura 

90'l'.ltl99 of .pog10 •• 
Aaona tbAt torem1n1tere ooourr1na 1n tbe 111""1481 

are. thero are 11T106 .... 11 a ... rul .pool __ 8IlCl tbe 

1i Yioe • peel .. '.rea _lnq 4eol t .1 it. ln tbG pro. on' a ",.,_ 

'ut, tor o.oor'aio1. 'the DU .... r10al atre_tb, all 

apcoi_ua lnolucl1aa the l1Ting ami 400d 01'0 .GUIlted. 

Altolotber 17 apeo1 •• of l1vlDg torom1n1tora are 

reoord.4 tro. ~ 001100t10118. 
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h. _ber of un. 'po01 __ 1D tbe 25 .1 

•• .,1. aualp'cl y8I'1 •• lro. 5 to 48. All ti:'. 17 .peol •• 

reeoN.cl an •• 1oareoua tor., &Gel nO Un. oblt1DOWI 

or .lUoeCMl8 tor •• ea toWlcl. AF0910 posar11 (Linno) 

1f: the aoet procloll1ll1lut tona whioh oonatl tut.. IIOro 

tbao 5~ ot tbo total popalat1on in tbe area. Th. 

othor .:)..,n tor. found are S99u'1o!Hlln! '1cgrp18 

(Walker and Jaoob), .si- 101l18+41uI (tinti.), NOD1sm 

bSW •• PMI (Rad.), l*!l:pQi<l1UIB .r1'R!,!' (Lt .. ). J!. or,t1ouloS¥1D 

(P1obt.l and Moll), li. a4 ... , (Ouebman), E- pcolly' 

('loilt.l IlIlA Moll), D181)orb1e £!!oooa .'Orblga, and 

91'1014.. 10ptulyl (-~alk.r aDd Jaoob). t£1100u\lM 

ot!lo.L~ (Monteauo), 19910 .. Iloopt (4'Or~/igDl), ORor."l1R! 

."wloau Le,lIior1., .2. oOllplanata (Dofranoo), QR'f!yl1IlO1la 

oUMM11 (Cal'pfuator), t1QSal1a oaloar t· orb1&D1 and 

A,pbie'.a1pa 10.,Opli 4'Orbi&DI ocour 10 low tre,u.aei •• 

ln tbe area. A olaae1fi.4 U.t of '.H:01e. 1. clyen 

ln fabi. 4. 

AltoC.tb.r .a fsI111.,,: are rcprolont.4, but .o.t 

ot tbe ._ben _lone to tbe lud.l108 V111011clue, 

Rotol1i4ao and 10010n1488. Of tb •••• uo.p", t.1I111 

:'~4UoU4ao all aft perfora'totor.. PaldlJ "111011480 
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1nomC •• tbne .peolc. - >Niu.lu,lo9tll1_ bl'Rr!!1' 

(".lar aD4 JaoOb) • .9. 1!!1BMlu.m (tinu) el14 

!£1l,nUU! ottlwa (',toDt.pe). In 'be perfora", 

arotlp, .on1oD14a. foZ'1118 tb. .., Y8rl.4 lall11, w1 "b .0 
.. non aIl4 e1x ',001 •• - lopion bOM'8DWf (nac.) • .li. 'loW 

(4"';rb1&D.J). Elpbid1y s;rl'INCl (Uon.), _. ,r.'1091o'9' 

V'lout.l und Moll). 1_ a4ftpwp (Culiman) ancl I. F9011,,! 

(Piob,.l and Moll). 'rho I&ld.q Ca.riD14". 1. repre •• D,,4 

bl '.0 aenera an4 'une ,pool~' - OR'£OUUno11a' .lIBM1! 

(Carpent,r). 0"£9",11 •• rallll0l8 (Le,.n.) and 

Q. 29PPla.M (DCltrano.). 'be tald.l1 Ro'o111cla. 1. 

npre,oDtccl D'y tbre. ,.,'01', - D1tgorul. ru"" ("Orb1..,), 

jolaUa caloar (4· Orb.i.ill1) and f..-91", (fi.o'0118) "'oear11 

(L1Dne ). i::ooh ot 'ilo t.tI111.. Aapb1 .... &1n1da. aa4 

Ano_lund ... i8 r.p1' ... 11,,4 b3 •• ioal •• pool •• , 

Allpb1!WAge It''OH' cl 'OI'DigDJ' a1&4 91".141' lobaSylM 

(Walker an4 Jaoob) roapoc'lnl1. 
1Mil1lJke1 __ b499!~!l 

In f1&_ 14 la prea.ASe. tb. 'otal aumDcr of 

toraa1n1t.r. (both U Y10& awl cl •• ,) .. oocnan a' 

41~t.re~' .'oUou. !be re'l •• ot tbe 'ou1 DUabor 

ot 11.1116 and '.ad .peo1l1Ona of 'he tbne prold.nent 



1'1,. 14 lI1a'ocraa abOriDi 'be _r1oal 41a'trttNt1oD 
of ,be '0,.1 .. Hr of 101'8ll1111t.ra a' 8 
10 .. 11 '1 •• 4&U'1. 1914 - '16. 

1'1'.'5 !r1angular d1acraa .bowlaa ,be ra"10 of 'be 
"otal .,.olMna of "ne "bne ta81U •• 
MiliOUG •• , _0010014.. a04 Ro'01114.. a, 
a .'at10_ 
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lall111.. 1111101140., RotaUl4a. and lloD1oIl1d_ at 

'bo ciaht .'a~1oD8 ar. plot,.d ln a triangular 

41asraa (.,lS. 1~) lollew1ng Leo~llob and. 'a,pan (1964). 

Zonal 41.'r1~'lonl 
!be 11.111& pop\tla'10tl ln tbAt aaapl. anal,.ed 

abOll" cone140ra,,18 variat1ona, .... oulll alld a' tbo 

three 18.ea ('ao10 9). Onll A_Dia beo,ant. 1. 

lounei 11Ylng a' tbe upper 1.ye1 ln June-J,,1.r .ontu •• 

'::1'91411.111 or1.RY. !. HGt1.ulaSu! ~4 !Nlr.wJao1ooall

so!p1rwlwa api-, •• r at tbi. 1 ... el fro. Aqu.'-foptember 

on ur..... Pro. JaQ1lU7 to April all 'be *pe018& are 

pr .. ent at ttu. leftl and tbe nuabor of U.1D& .peel_ 

1a • 1.t, maxl .. cbu'1D& tM. p8r104. In tbe poet __ UJOIl 

per.1J' i. _loQrg1" NRn10u .loapi, 01.90r91. ro ••••• 
and 0poEoul199 oo.plana\! are not touod at 'hl. 1 ••• 1. 

Tbe aield.l. aoACt .uppone tbe "900ei a.n48Doe ln ,be 
~90urrono. '.)f 11.~D& .po01 __ • Exo.p' in 'bo moaoon 

.eoaOll all 'h •• peol.. are to .. • , "h1. 1 .... 1. III 'bo 

low w.'.,r 10..,1 all tbe .pce1e. 8J:" foWl' l1ring lD tbe 

pO.t-.;lll8o:m Gael pre-II008:):m per104~, but ln tbo 1I0800D 

period .'·lpntell". ".,lB.. <¥1u9,ueloouUQu bloom1., 

P1'20rb1! mace!, Operoul1na "plW'. ant !r11m11na 

oblOYG are not t~und .11ft. 
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Tablo 9 L1vlQg torumiD1tero at the three levcla 
ot tbe wet zone of tho 1nto~1401 regl~n 
at C~.Q1n 1n dift.rent eoaeana 41.1rioa 
1974 ... '76 

rat Lowor level .Mi4dlo levol Uppor level ,g,-- - ~ ~ ~ - - - ~ - - ~ ~ - ~ ~ ... ~ ~ ~ - - ~ ~ - ~ ~ - - - ---t I: ~l: ~p~o:e~ !r~8~n~ __ A~l_8~:1~a_p~e~c~t __ A~l_e~~l~._p:o~o~t_ 
- - - A!mqn1a beooar!l A.-oaio boooor1! A~onl0 beocarl, 

Hotolla 98leo£ 

Elphi4iyll orlBpUll 
~. orat1ou 10t1.1. 
:,:. 04vcnum -

EIR01dluII or10pum 
l. gratloulatua 
Nomon boueanua 
g. 80minulum 

i 
o 1,. lI&lo!llua .z. _oollum 

! o • 
Qulnquelo9UlillO soll1-

iiiiW. Q. lobo,ulua 
Noni:>n bouoonu.1I 
Clbi01dee lobelulua 
AllpbieteglD8 le8eoP1 
oporoul1no granulosa 
Operoullnolla oym1g&11 
Trl109ulina ObloggG 

J ... .-_~_te 

• All opeclos prosont 
I 

• 
• , 

8 • 
Cl 

! ' a I 
J. I 

• • :. . 
• 
I 

I 

• 
• 

--_ .. --- ~----------
All epoololi pre80nt A_ouia boooarll 

:lw.nquelocu11aa 
8oa19!.llu. 

-'lphicUum orie pUll 

r. orot1cu.lotull 
E. o4Tenua -.r: • 1DI.l, 0 llum 
N:)n100 bouounum 
C1bioldos lobatulWl 
AmpblatoB1na 10seoo1 
Trl1ocu11na oblonga 
Op~roullne granulosa 
Opercullnolla oumigg11 
Rotolla oalcar 



143 

!be '0_1 .... r ot Un,. .,eol_- pn8 •• ' 

iD 'be 'tane hftla .hOlr. oou14.rebl. YarlatloDa. 'be 

u.pper 1 ... 1 .u,port. 'be aim .. llUaDer ot UT11lC 

.,.ol.aaa and ,be popula'10n ~nse' fro. a .az1..a 

of 28 In 'bo ,ro-__ oon .O.OIl to a aia1.a .t 8 ln 

,be IIODeOOIl aOMOIl. Tbe 1114410 10"1 .up,o~ tbe .eooGA 

abwJ' ... e 11l 'bo OOOUJ:'I"IJD08 of 11 nD& • peoi_ne • A' 

,ni. le..,l 'be Un. popula'1on rUDCe. fro. 12 11l 'be 

lIO_oon .et,.on '0 ,8 in 'be pre-__ oon per1od. III 

tbe po.t ___ OOI1 .... 011 l' 18 abou' 25 a' 'b1. 18 .. 1. 

!be low wa'er loYel '''ppone 'b • .az111l11 ... bar of 

toraad..,ltera iD all 'be .... 0_. tbe oorre.ponc11D1 

ma.bere ln ,be ,"--et_OOD, poa'-IIOnao:m ancl _naGon 

.e ... ona at ,ni. loyol are 48, 38 GAel 20 n8peo'lyeq. 

a •• ardl. ,be .... onal OOOu.rrGDOO of tora.D1tera 

,be aaziwa mamber 1. tCHInA in 'be prO-llOMOOD. .... Oll 

and 'be 111n1 •• ln the _naoon .... on a' all 'bo 'bree 

loy(;la. (ll". 16). !be OOO\U"ftnoo of Unog torall1D1tora 

w1'h oorn.,oDUuc ~apb1o 'ata 18 .b_1l In P1&. 11. 
no,1oual 41!!,,1', of 'Rocl0 •• 

!be OOOU'ftDO. of foram1n1fora in aU ,be .'.'10_ 
.boa ,he -.z1DW1 .bunA ... ln , .. pre-__ oOJl p.ri04 

OM benoe to ,W4J 'be realonal d1 yon1 '7 ot 'poolee 

tbe 4ata 00110.,.4 Curing 'h1! ••• eon tro. all ,_ 

a'.'10u. area pret'on'e4 111 Table 10. Tb. lar&or tor.a 
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'.1»1. 10 Generel pa't.1"Il of ,be 41.U1tRlUOll .f 
tora_mt.n a. 8 .~t1oD8 ( •• n .-.111 .. 
ot Apr1l 1975 auel 1916) 

QM1R9!!'lp,UU" M,om' 
.Q. ,.11.1&1' 
!riloOUl1P! obl, ... 

l!op1 OB !POY'agya 

.I. .11!91 

E1Pb1U g •• ri. lW' 

!. m!l.yl.!'. 

1. MD •• 

~ ••• olly.! 

QI'"y119' "'!MlO!! 

.2. 9P"l!D&'· 
QP!lWl1.lla 'VII1M1.1 

R1.,orbl. EO. 'I'. 
JJ.. ,akGr 

Aub1·SM.LE ~.,.,.& 

Qtb1014 •• IObp!MlyI 

MNR4Q9I! .ogl' 

s,., 1 one . - . ...-.....-.. . ... --.-.-.-_.. ---
1 2 , 4 , 678 

- Ra. , , B R 

R R B • pep c 

- R - R - R , P 

- - B - R , C R 

- - - - RIP , 
c , P , R P R I 

o C 0 C B ~ R -

OR P - R R R-

R - R - R RP' 

00' R - R B-

, C • R - B - -

P F F - R R R -

- - - a R , R B 

PP. COO 0 C 

- - h ReA 0 • 

- - R B P C - R 

- - - R R pep 

lan (R) t 1 - 5 lD41 Y14wala in 25 III .a.,le 

rnqu'J1'(P~. 6 -20 lnd1Y14u1a in 25 .1 .ampl. 

COlUlOn (O)a '/ 20 1~~4i.14Mala iD 25 al .oapl. 
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of 'be fall111o, till0114.. and Ca_rlm4 •• are 

Aoll1naD' ln ,be .ou'''rn pen (,"'10,. 1 '0 4) .lUle 

, .. ller forme of t:18 tall11108 ADO_1im", a04 

'-Pb1,'e&1D14., ere proaiuen' 1n ,be nortb.rn ~ 

('tat1ona 7 811\1 8). A' a'-tloa 6, ,peal .. of 'b. 

taa1l¥ Ro~111'ae tora _re 'ban ,~ of ,be 'o'al 

..... blaa·· 

Of 'be 17 'poole, fOllD4 11'Wine 1n tbe inMnldal 

&reo. AJIIIOs1. ""Oril, E1Rbi0.1u. cptiOLlla'UGI, lie ori'pu. 

an4 Qy.1pqM.locul1y •• II199lv! are 'bv -Jar 1nbabltaD" 

ADd 10910" 'loan1, pi,cor_l, '910000 and Tr11oculi!! 

oblO9l! are raro a' all ,be ".'ione. 

A' .tatloD 1 t Onrel1pa 1t!!!,10.o, ,2. ,oaplaga,., 

optEoyl1nell! ,um~.Ull1, Rlpb1ci1um cra'loulut!,lm, .E.. 9riapy

and I_ a4J!pw! are more doll1raan' tban a' the ottlor 

.ta'10ua. !b ••• 'peo1e. are frequent In OOOW'ftDOe a' 

.t.t10h, 2 '0 4 alao. At st.G'ion 0 .fHliligu1o "00a£11 

proclOIl1Da'08 oyer all 'bo o'hor forma. All tbo o'oor 

epeol" ... tU' ln _40Jlll'. _bere 01113. 011fi.14 •• 10""1.,,. 
1.,11129 boy'agy anC! 'l'r11oQuUno oblouI. are 'bo oo-.on 

foral a' .'.'1ona '{ and 8. 
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'.M9Ml "'VD"'o " '9ra,&01to£a a' 8 .""loy 

ADo"bor teature Aoti •• , ln "be proIen" .tu., 1. 

tbo ._.0_1 yarla"io.ua lD 'be to_l .. bel' ot t.rall1n1fera 

oolleoMt In. the 8 at.Uo,.. A talrl¥ nob tauu 

1. found at atat10D 6 ln all tbe •• 08008 wi'b tno .azlmua 

01 2700 and 'bo II1JUala ot 600 maaben ooourr1q clurl,.. 

Aprl1 on4 Dooomb.r nepoo"lYOlI. la. lu1l- (~:>naooD 

pert04) "be total JlUllber a' tbl. etatloo 1. 950. Tbe 

111111 •• muaber oocure at at.tloll 1 "brouabou" 'be loar, 

and i" .,.ri.a •• 160 1n lull. 210 la. DooG.ber an4 260 

ln April. .t_tat10D! 2,'.4 an4 , "be auabera rooor4ed 

clur1. ])ec •• ber (po.t-_IIIIOO&1 p.riM) are ,,0, ,00, .'0 
aDd. 510 napeo'1vol1. At .'.'10_ 7 and 8 'bo oorreapoD41DC 

.alt.lo. ar. 640 and 490. ID J\llJ (ao_oOD por104) ,be 

.on'b",. 'Yalu.. 01 ,be '0\01 fora.11111ere are 180, '00, 

400. 450, 950, ~OO an4 400 a" .ta'1008 2 ,. 8 1"8.,..'1.e1l-_ 

!tu. ab~ tba' 'be 'otal DUllber of ln41v14hlala are blab 

clurine the P"_OIlllOO8 .... 0. wben 'be llri.D& .,.ol .. De 

ar. a' tbe1%' peak of oooUZ'l'Oneo. The poa'-aonaooo porlH 

.bowa 'bo .. co1l4 abwldeDOo ln oooarnueo 'brGqbou' ,_ 

area. aa, iD 'bo __ OOD pori 04 'be ,ota1 Dol.ber 1. 

looor&11.1 po:»r wben ooapan4 ,~ 'bo o'ber .... ona. 

!bere 1. 0 400111lO lD 'bo aaamlKtr of d •• cl abella 4uring 
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,be 110_.0. pol"104 wbcm ,be l1Tlac .,801 __ are 

fO\ltlQ la l •••• r _ .... n. fbea a ,raclu11DO"". 

1n ,be '0. ohe1la 1. ao~ .. " wb10b re .... ,he .u1 ... 

111 Aprl1. , .... a cornepoD41aa 1110re ... or •• n ... 111 

'be .. bel' of , •••• belle wltb ,ba, ot ,he l1Tlq 

.,.01 .. 0. 1. Do'1.e4 a.~'r41nI '0 .... ODel obaD&ea. 

14n ....... ra'10' 
lb. maaMr of Clead abella ehowe: a cloo11De fro. 

'tho, upper 1.v.l to ,be low '1" le .. l. It Tan •• fro. 

'1S to 2700 In tbe upp.r rGalGD, ,00 '0 2000 lD tbo 

II1Cl410 1 • .,.1 anci ISO to 1100 lD 'be low t140 ark. 

DDr1UC pre __ neO\lI.l por104 'be ratio ,of 11't'1~-cl_4 

popll .. tloll at tbe upper 1e ... l 1. 1.". lD ~. 111441. 

mark l' 1. 1.'4 au4 1n ,b. low t14. 1 ..... 1 l' 1. 1.48. 

Du.rir"fl 'be _Moon .e.801l 'be ratl0 raDgCd Iro. 1.44. 

1.S0 anel ,.80 nepGo'l.ell. In the pO ....... OIl p.ri04 

11~ tbe uppG!" lAftl tb. Un 4084 ratl0 (w •••• 18 .... ) 

1.92. III 'UG _4ole 1."1 1.00 0114 lu tbe 10. t14e 

1eTol 1.". tb.18 Bb •• , ... , 8)" e"'1 •• 118 of 

fora_D1lera oeour 1 ... the pOl' __ OoJ.~ .... OD ,baD 1a 

,be o'ber '.0 ••• oona. 

!be 11 ftq ODel "Gel .. ol_1lI In 'be •• .,1 •• 

dUter 1u 'beir ro10tl ... 0 ebQu4ano. ot lD41v1el"e1 .p.ol0 •• 
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III "be upp.r na10A 1n lull 'be ..... 1" ot 11 T1ne 

.,..1__ ot 6aOll1' Mo9!lj\1 1. 8 wbl1e ,he ..... bela 
of tb. ._ .peol.. 1. abo,,' 2000. In Apr1l a, 'b. low 
'14. leftl ,be IW.Mn of 11T1_ all4 4ea4 ',eol ... 

of 'b1a .pec1 •• an 28 ao4 650 ",,.0'1T',1I. Sla11arll 
a eorrnpollcl1,. lnon ... la 'be !WaDer of 4.84 .b.lla of 
all ,be .pe01.. 1. t~ 'brouabou" 'be 70ar. 

Sycl C£!1D .1 .. and loraNg1ftl'! 

~ ,be •• ftNl onT1roameutal para.'en .'u4iecl, 
'be p-aiD .1.. 1. tbe .,., laponant tanor tba' .bowI 
TAri.'ion. 1n 4iff.na' 100011 "lc.. ~be 8 .tat1oD8 

.el.0'04 tor tbe pre.ent .'u., 41ff.r ln the na'ure of 

.uba'ra'e. fMre are .aria'loDe la the ".,081 tloll of 
aro1a .1_ 1n 4I1fterellt .'a'U,oD8 ea sbown 1,. Pig. 1B. 
~., 0_ a.Wlt ot oorrela\1on batweell 'be poa1n 81 •• u1.4 tbe 
.1s., ot 1'orall10.1t.ra '.14 be •• on 1&1 ,be pre.ent .,,,,.,. 
~be larp .1e04 foraa1n~.ra ab:»T. 1 _ auob .. Elpb141ua 

,4T, •• , i. !rl'RH, I- 'E!'19"l!SH" 2ponu11na .ranul0!8. 
,2 •• ouleM'a ,"cl Qptnull.l~ C!lI1Mit are toW14 111 
lar •• nu.bel.. 111 .'a'lon 1, wbore 'be .uba'ra'. 1. 91 'b a 
biab propo.n1ou. ot M4.l.ua eoD4. 8_11 tora 91 'h le •• 
,ban 0.5 _ 81 •• (1011. bill." I ... ~ni, l!1899rbl. 
E9IQua, tnlooyllt!! ob1onga an4 C121014. lote',l».) 
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app.ar iD l .. q. DUab.n at .\a'10D8 7 and. 8 wbere b1sbclr 

peneDt ... of 'Y.rl tlDO to tlno .an4 oon'ribu' •• to t_ 

8"betre'.. Tbe IIOdlua .1 .. 4 tonia w1tb .1 •• r .... 

0.5 '0 1 _ (1,'111.' .alg!E, Alpbl.to&laa l ••• ,pi _4 

Eleb+4iy .,.llM') ooour man ln naabor at. .t.t1olU1 

:> _cl 6 wbero tbe ."batrat. 'U:wr. a ro18'1"11 blab 

p.roent •• ~t tlue .unci. Howe .... r at .'o'lon 6 all 'be 

.peote. are pre.elit 1n fntrll ':J~4 n".ben oo.parod t~ 

o'hor .to'lon.. fll:l11orly ",alia be.Qar1i, Elph!41U. 

s.ra'10ula!uI, I. ori.RY' and Qylngu,locy.Uya '0!11W1,iI 

a1"O tound OOlllDOll a' all ~ .tat1oua 'ilouab tbel .bow 

'Yoria'lema lu 'heir awncllUlOo at 41fforent l00811'le •• 

DWlber of f01'low1nitera 18 suown ln Pig. 10. 

pl'MelM 

1001011e.1 toe"f! 

Tbe ooaernatloQ8 .be. ,bat 'ho abw14aDOo aa4 

cl1.trl bu'l~n of forall101f.ra are ~to."4 t..; tbe 

ouY1roAMuial fa.ton Uke ' .... r.turo, '811111", 

41 •• 01 .. 4 0XI'8h, pH on4 'be ~lA'lU'G of 'UO 8u.'rat •• 
f!!p!nt¥[! I 

SGIIe t~rall1D1f.ra oau 'olera. wide var1a'10ne 
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tolorauoo. On a .or14-w14G bul. ,be _~or .ballow 

•• 'or rorall1antoral taw. le eontrolleA D1 ' •• ,era'ure. 

In ,be pro •• ut .t"41 area tbe ' • .,.ra'ure YarlatloD 1. 

within the HDC. ot 27.0·0 anA ".1"0. Slno. tbo •• 

rlu.tuationa of tbe temperature are .1thin ,be raQI. 

ot toleraaoo of all 'bo .peol •• , l' 400s no' .00. '0 
be • oontrolling tao'or ln ,be oeourrenoe of torell1Dif.ra 

iu tbe 8fta. Ho.c .... r it .... o.one4 'bDt "bo popula'lone 

.. re lIIO" ., a '.apent.uro r ... of 30 '0 32 00. 
SaUMV. 

Of 'be .oYeral .nv1rou._utal taotors taat l~lfluenoo 

'ho ooournuoe of 1 .. 'Mr.'1"lal foraa1nitora, •• 1101', 1. 

tbo 1108' laponallt. !,be arJred fluotuation. ln tbe 

auluu V oauat:4 DJ' tbe .eaeonal obaOCO ••• pool.lll bl 

'be 1IOD800n mt_,. br1q 8.:;01.1' obaD&O. in tbe ooourHOO. 

GDel 41a'rlbutloG of torull1nitera .1n 'ho areo. 0011 'he 

ourJ'twllao apeci •• 8,,"1 TO in tho In'er'l4al aone. I' 

la •• cn ,bat out ot ltare 'ball 1'0 apeol.. nOorM4 h •• 

'be oo .. ~l •• '01'0 ot 'be ~~Otltb w .. , 0088' of 11141. onl¥ 

17 aro fOWl4 11 rtll6 lu tb •• '1.441 aro.. 'lb.1a .b~ ,bat 

tbe _~o.il V ot ,be forall1nlt.ral apool •• are .' •• obeUne. 

It 1. alao obe.ne4 'ha' fol'8ll1nlteral pOlNlatlozaa an 

abu':Jaall' ln .GUDi tlea biguClr tnan ,~. clur1na 'he 

pre-aoMOOD aDd poa~ ___ OOIl per1 04fl. MaDJ reoon' 
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.01"_1'11 bDft .'wlle. ~be 8aUDi', 'olerane ot eU7ballno 

torasinltora1 .pool.. and 'hl. ..,-0' baa -.on cit.cuaee' 

tn ,be pl'OT1oua olJaptor. 
R1 •• 01!'4 PIli.,. 

fbe aft1labl11 t, of 418eol ... 4 oSI •• o. 18 .n 1.porunt 

eu.1rollmonul tao'OI' ,ba, oO.Il'rala 'be ooournu.. ot 

torell1nltoral popula'1on. !be lowor 11111' of OS1pn 

tolerated bot IIOS' td.orooraan1s. le 1 '0 2 a1/1 (S_rl anel 

Sta.onaoD, 1957). Tbe oXl .. n "lue. lD 'be pre •• at .tut, 

are hi,ber ,taau 'bo •• of tue ad.Jao.' .ea _tor, e.poclall1 

clUing 'be ~_OOD pertod (4.4 to 7.2 111/1). t~o 'bo 

OltIlell con_ut of tbe In'ora'1 t1a1 .ater In 'ba .. ea Wl4er 

lun.'1aatlou 1. Dot a ltad.'tng too",or .. Hald'U tbe 

OOO~Doe ot toraala1tora • 

.ana 
1'1":>. 'ho 0001o&1oa1 _'a .. cl ,olntb.Yc1ropu 1011 

oouoen'U"aUon 1. QQo\ucr laponGu\ taotor 'ba' lut1"onoo. 

'bc oocurrenoo of toro.ld.n1fera, 8100e ,be aclot'l ot 'he 

.. d1~~ ..uae. ,o.,aortom 41 •• ol",'lon,.t \be •• l.are ... 

, •• , (Loe, 1974). Geuru1lJ 'bo pR of 'ne lu""'1tia1 

wo tor 18 lowor tban 'bot of 'be 0008to1 wator. In tbo 

pre •• n' oo.erY8'lon ,be .a~o. ot ~ 'i.lel... ..,.. • 
• bow .... ona1 tluot",atl0 •• 1 tb tno 1,...' Tablo (7.7) ln 
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1~1I &D4 'be bl,be.' value (8.4) ln Apr1l. lndl.'laa 

,bat 'no pll oon41 t10n lu .be pre_DBoOD period 1. _re 

tuyourabl. tor tOl'8ld.ulteral,rowtb. UoweTer, tbG" 

TU'l.tloua 10 tDe pH are w1tblu tbe 111d.t. of to1.raaoe 

of ,be forall1nlt.re1 .,..1 •• lJlhaltl tlac 'b. la".nl4al 

aroa 004 bGDOe 'b1. 00010&1081 para __ r 1. 110' a 1181'1.0& 

fac"or 1n 'h1. ro,l~a. 

1.1.'.1'."0 "S"!!! ,an4 Ip19 .1 •• !p4 fora.1t.£! 

X.obl1ob. and 'lappeD (19">, Grabom!.1!l (1959), 

Le. !l 11(1969), Ra._'baD. (1970) an4 *rNJ (191') 

.t~4ic4 'be rela'l'Dabi, bet ... o fora.tD1t.ra !D4 grala 

.1.0 ao4 foul1d tbat all lD-Yen. rolatl!D8hlp .xl .... 

","011 'be _41ua dla.tor of .aDCl all4 tbo DU.b.r ot 

toraJl1nl.tora. Wt~OU 'bo dlu .. 'or ot ,be .Dud lHorea ••• 

thero 1. G deoreaao In 'bo awauor ot tara.1u~tora and 

Y1.'=DF!8. !be 41 yerel', In ,be OOOtaneno.ot tonalDlf .... 

In tbe pre.on' area alao .bOW! 'hi. lrltere.tlng 41.'r1,",'loD!1 

'nl14. fbe po",l.'loo 1. fount ln laratr DU.ben a' .'.'1::ma 

6 ,tc, a wb.ro ·'be .OU_D' 1. w1'n _re finer partlal ... 

A relaiiv.lI 1 •••• 1' popul.'10n 18 .oon ., .'a~lOD 1 where 

,be .".'rot. 1. with lIOn ooareor panlo1... Aa ngarcla 

the oeurreDO. of forall1n1tera all4 _be aa_re of 'b. 
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of ,be lrala pan101". a' .,..:10u looa11'10. 1. an 

"ffoo~1" f .. 'or lD 'be oeourl"01100 of tbe ad.oro-oraaD18i'. 

1n ~bo ana (P1g. 18). }{owonr, 'bo UTi. foraa1D1tera 

reoorG.' troll tbo 1n'.r~14al area 08D t.c 00Da140re4 _ 

!bo foroa1n1fopl tauna 

Bo~19l10.1 ,£ou,l911 
,be ra~l.e of toleraao. appl10a to all l1m1~1ng 

onv1ron.lDta1 fao'ore. A apeel.. w111 • urn YO onl.J lf 

none of 'be .n~roDMlltal t.ton .xo.... tbe roaa. of 

tolorallG. tor au.rY1Yal. EnD it a .111&10 fao'or .xo.ou 

tho Um1t of .,,"1vel, the apeol ••• 11141. otf. In tb • 

• bel~ _oter, ,be obause_ of 00010&1001 para .. tera take 

plac •• 1owl.J 80 tbat tho org_Hla. sot tit;;O to be 1n 

equ.l1ibriUII witb tbe onTir:JDmDut. But in tbe lDt.r'1 .. 1 

enYiroJUUeut tbe 00010&10al obe ••• are &na, awl t .. t. 

so tbo great I8.j ori tl ot tbo fOl'Olllnif.rel apo01.. tbat 

are Drouabt '0 ,tu. aroa, 1'111 ti. 4'1. to tbet 84.,..rae onYiroD

_n~al ooncli 151008 and depoa! t tbe1r .aloareoua .bolle. 

Aa tl re8ult. tbe sonds of l'.J8DJ tropioal Macho. an _4. 
up at a large aJlOWlt of torudniferal .bela. 
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OUt of _1'. "ban 150 .pool0. of ~oraad.n1fera 

ooll.eotocl fro. tb •• an .. of ,be lnten1"'1 al'Oa, 17 

~peole8 baYe a4apt.4 ,bo ... l ••• to 10babl' tbe lnt.ret1tia1 

area. Slue tb ••• apee1 •• ba.e tbeir DAtural babl '\a' 
ln th. ooo.tal .... rlDG on.ironm8nt, tbo oupecl"., of 

to1eraDO. ot .ar10ua • peol .. 41fter ln tbG lu'."14a1 

aroa. Beee4 on tbo t:llerauo. limit. and abun4allo., 

tba.o 17 .peol •• are 41T1404 lnto , ,rO\lpl - ,roup " 

lnoluel .. tbo IIOS' 40atllDnt epe01 •• , ,roup 2, tho •• 0004 

uom.naut .pee1e. cwc1 group " ,ho rare epeol0 •• 
GriMi 11 epeei •• wboa. caoalltra"loDe ea aoro ,baD 
5~ of tbo tot.l populatlon ara l1lOw4ecl ln 'b1e ,roup. 

t'be., 000llt1 tU"I •• tbG biiblj tolorant e\U'lboUoo and 

e"r.v,ner_l apeoi... !homo torM tbJ'1YC 111 oood1 tlow. 

wblOb wo"lcl be rogar4ed aa a4 •• ree tor I&Orma1 .tolloball_ 

for"ld.D1tera (Jturral 1905). Tho apeoi •• lnoludod 11l 

'h18 arou.p In tne orclor ot ab\l.~d.ane are AIbI091a booe!l1.1. 

'l,RiMy' on'loH),a'S8l, ~. 9Fl.pu, GHQ Qg1 •• 9Mloe~l1M 

•• l1pulym. ~bo.(t tour .poc10. eau bo l"OL.arcl.d .. tb. 

tr". iat.re'it1el toraaln1t.ra. Of tb ... four .p.ol •• , 

A!!9p1a b!,o!Fl~, tbe maJor lnhabitant of 'be lntera'1tle1 

"l"Oa 18 tbo aoat abun4ant and. wiele.proud epeel •• 

• blob 80.,t1mo8 oon.tl 'ut. _re tban 5a,l of tbe total 

toramtnitera1 ... oablaga. 
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OrOM' 2. !be D8x", abundant .peol0. inclu4e' 1n "bl. 

sr~p an alao .14ell 41.tn.bt.l'e4 tbreUCbout· tb. ,oor 

and. are not _Oh .ubJoot., t, nOrMl ••• 0IUll ennronmental 

.borlP.. Du' "n.ir ma_noal ""Dath 1. not a. _ob 

.. tba' In tbe t1nt &1'OUp. Al.o 41Iri11i eona1~con'ba 

tboir ooourreao. 1. r •• t£1ot04 to "ua low .a4 al441. 

10,,"la. 'bo •• tor. oona'l\\&to 1 ••• ,ban 5~ ot tbe 

tg'-l population GD' are RQ'a11a 0810,r, Elpb141u! 

a40DPS., I .• ,olly, Nou1op )Qll.awua, Cib\9140. lob,''''le., 
0"091198 "IUM1.a, QR'rGyUIl81l! cwa1.P611 and 

QylP9uOloovllQ1 91oorp1'. 

GroMP ,. !be 'hir4 aro,,-p 1. oout1ned to 'pec1 •• w1 tb 

raro O •• ~DC. aDd 'bo for=e OO-'QI ln 'bie group 

00.'1 ''''0 about ~ of the total populat1on. Da&r1~ 

'ho JIOnBOOh eo_on tbo •• fox" ar. toWlci rerol1 111 tile 

1I14d10 and. lowor 10" la • Tbe .,.01.' l001u404 111 'b1, 

aJ"oup ar! abl0 to !olora!., on1l .=11 Tari.'10. lD 'be 

eunronmenta1 00041'1008. Tbie gro,,-p lno1uclos tilo 

specl0. Zr11oo",Uga Qt/l'Ma, .,SOB .10upi, Dl.,orbl, 

A,OO., OptlSNliM coaploDa'. cm4 69"''''819' lo •• op.i&. 

ID addi"lon "0 'bo abOTO 17 'pooie" U .... 'peel ..... , 

of a t .. otb"r • .,.,., baTe oleo boon recorded ln .ma1l 
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DU.ben fro. ,he low tlel. .re. Howo.,.r. tbo ••• 4 

abellll of ,be ••• peele. are found iD plOD', ln tbe 

~'ber .on.8. The.v an A_bOoMl!". 411."'M (Cua~n 

and Br0ge1!!!D!!), M111Cl2lld.gp '""ca (Brad,), !loOhammi. 

1atla,,, (~on~e). 1."»1&#' HSlt.at1naM (4' OrblgDJ). 

f,irolooulil,tla .,pre ••• (4'Orb1i:flI), !tilooyl199 'r1,.rluS' 

(4'Or'bi~'i¥), Q!!lu9",.locLll1y 401icatu1",. (d'OrblDDJ), 

Hotu11a ca10.r t4·Orbif.:DI), Pi.sorbi, aloWl,!rl' (4'Ol'bigDJ), 

B\pul41Mm exeo .. tu, T.r,,,e~ 1. fr,naAU9!9! la'land, 

'~oUTlue E1gb1\la (Han'kou) 004 l. ,Sr1.'u18 eu.ban. 
nLl-£1oal d.wn.tz: 

Reite;' (1959) ba. , •• m4 71 ln41Yl4u.la of 

living toram_nitera 1n 40 00 '&lIple ,.un tro. 'bo oo.t 

of JOG., i3aJ •• or'b S.a. hoa ,be 00 .. ' ot San_ ~01l1 •• ne, 

b. boa rooorda' 129 .pesle. aud. "" ot 'bo •• onll 17 .on 

!OUhcl 11l ,be l1Yi~ o~lldit1OD. Prom lbo beDOll. ot Ca11tornia, 

. Rol 'er (1959) 001100104 27 .peolea of U Tlag foraa1nitera 

and 2280 .bell. in 10 0.
2 "1Ip10. OU' of 'be 120 ,,.01 •• 

colloo'od tro. San Dlo&o, Cooper ('~61) tound 64 epoole. 

ea liT1ng "pre.on'.'1.... Bo1.oftkOl (1964) reo.£4 •• 

98 11 Tins .pec1.. :0:0. pgano De ••• Co be80b ani 

IJecllol !l !l (196'() recorde" " .pecle. trOll tbe "lda1 

bol' 1n New Zealan4. 
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ID 'be .borea .t MoxiGo, a.aura (19") reoord .. a 

'otal DIlliber ot 11..,log and .ctot$cl •••• "1,,0 J'8Dd.Di 

fro8 4 ",0 6480 1n 10 •• 1 ot aao4. 0"" of _re "ball 

150 apocloa 0011e.'.4 dur1aa tu. ,reaen' luT"'1Iat10A, 

oul1 17 are toun4 l1T1na. ,be otber epeol ..... 

raproaeDt" 0.011 by 'ead abolla. Wbon oGlIpOrecl .1 'b 'be 

t1ud111&a of 'bo above alnt10D84 •• rara, ,be DIlaber of 

li v111& • pool_. la po~r in ,be pro •• At .t"41 ar.a .bo ... 

'be -x1~- nwaber of l1Tlng al14 4e.4 .e .. b1aae rang •• 

tro. 4<a \0 2700 1n 25 W'>t .ample. fro_ 'bo 40'0 of 

S .'at10na .'u41.' l' 1 •• lear 'be' tbo 11"-4 •• ' "'loe 

of f orlud.lI1teral apool rue_ eloea not ftr7 .1gIl1110an'1I 

tl':;. 8tu~10n '0 .'ot100. ,be .aber ot llviag apool ... 

1. poor 111 'ho .tu.41 area tbougt.! 'be lIIlabOr of ...... 

• hell. 1. aore. Tbo ro .. ~n tor tbe cl1ft.rone. in 'be 

rele'1 ... o abu~ .. claDO. of 11 "-4eaci 11101 Ti .... le :La 4". '0 

th. a4d1 '1 on of ' •• 4 abolla ot o'ber apeol ..... becl on to 

'l.O .uor •• 
Z2w.l veri8t1" & 

It oo.paratin .~47 of tbe forall1J11tera In tbe 

"11"8C> le.ela of ~t: tlu1 area a' 'b. 8 atat10u baa 

ehOlm tbat tbe low .a'or le"l a"ppon. 'ne IIfJXl.a 

DUaber ot apeaiea. Exo.p~ for tho .pool •• NoSe aloaet, 
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onEO"'»" "ale.'" SM1DQ!olo9UU¥ 'l.om. aDd 

pi.oarbl. [Ma!!a .blob 40 n~i HOur a11Yo ln tue 

IIOneoon .... on all 'tbe ~tbor apeoie. aro to~4 111 ,be 

low .ator loftl tbroU&i10Ut tbo ,ear. !be moa' clo_DAD' 

.peol0. A_AAa blooar11 ooaaUt"" •• .ore than ~~ ot 

'bo 'o~l popula'1011 at thi. loftl. !be upper 10ftl 

.upport. tbo m1Di.um nu.bur of tor.minltora ln .11 'b • 

••• 0De and d.urlog tbe aon803ll pertocl on13 A. "'cpar11 

and ,;U1Muolo9ul1pa •• pirwly oooun at 'hie le.,ol. In 

'ho 1114410 1.ftl onl¥ 7 apeol •• are pro.ont 4ur1D8 tbo 

mOnE~on perlod wbile ~ll tbe .peol0. o.oar ln tbe other 

two ••• aOD8. 

Aa 1t 1. aholm 11.1. 'lb. 16 ln ~o low t1de le.,ol 

tbe maxl..um nu.ber ot l:o.Y1ni .,..l.,.n. 1. 48 lu Aprtl 

and. tbo II1Di.a 20 111 J"'lt. In 'bo u.pper 10.,.1 tt. 

wabCtr 18 28 In April and. c. ln lull, wb1l.o ln tbe 

1ntor"1ato level 'be IMlIIIMr W08 :58 auc1 12 na,..U velt. 

During 'he .o0800i .. IIOn'_ 'be oba._ 1n the 

o •• logloal ooD4i'lou. In tbe upper 18.,01 1. _ro prollOWlood 

than at ,be oiber 'wo levola. Tbo tl1s ot •• ter pre.en' 

aroWl4 tbe 8and. particl •• of tho u.pper leTel 18 leas than 

ibat ln tho otber two l8Yela. Alao the .vaporat10n of 
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.. Hr 1. _re a' ,tU. le .. 1. !b18.,'" tile ft"OD 

'be 

,.. bl,b rato of 'oa4 abella in 'be upper _rk 

oan bo oxpla11lO4 '1 ~be tao' 'ha' 'bo .1Ip'1 abo 118 __ 1111 

ligb'or ,ban ,be 11Y1D& apecimene, tbo waToa oarr,r 'uo. 

u~ aDG 40,oa1' thore. 

!be sonal varl.'1oDe 1n Ulo ooournnoe 01 loraa1n11era 

In \be 'i4a1 area bee beoll 4i.oueo' bl neb'er (1964) 

wbilo a'''''710& 'be loraldnitere ln tbo oo .. ~ of Ju40 Bal. 

ne tOU-LlO e1,a1t1o~' .6r1a'lol18 ln the :>OCUrrGnoo of 

apeole. at 41tt.rent tlde le.olll. Ho p01nt., 0'" ,ba, 
~bo low wa'er mark wea domina'.4 by ElRbidiu. ex!!."". 

wbilo ,bAt tilgD wa'er IDGrk waa c1oll1utecl b,; .::.. ora'101.lletua. 

AOcoftlUC to biJn 'bo D8&1.- at8llcl1D& orop ... la tbe 

blab wQter 10.01 aDA1 tbe Dd.ni •• ill tbe 1114 .a'or 10.01, 

tbo low water' level abawlD& an in'e~41.to .'an41D£ 

orop. Tb.1.a 400t~ Dot -areo .1'u 'bO preeollt tln41_. 

The p ... aoo' obaonaUon .uow~be m1D1aum DWlMr of 

apo01 __ 1n tbo "pper 10.01 and tho DIlIlber &l"a4"'8111 

lnon,ao 'OW'rH tbe low '1U .I'k. ,be 41flonl100 in 
... 
11 

'bo ooourrenoe of foroain1tera a' tbo 'brao lOTela of 'be 
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,\1 .. 1 area baa .on cl1.cua"A b1 f~eFra (196') 1Naa,' 
on tbe 001leo'10m. fro. ,~ 00." of Mez1oo. !b, 

pattern of d1etrl~'1ou 0-.erY84 ., b1~ -.reo, w1th 

,be pre.oD' tincline'. 
5111008\ yarl·"2M1 

lUo4 ou 'be ooollft"eJlOO cm4 41.trlbutlon of 

torall1nit.ral apool0. 'be area "uter l"",UaaUcm oon 

be .oparat.Cl lnto tbreo pnYlalooal regla.... The ao"them 

regloA (.~tlona 1 to 4) la 4olli.Da'hG 07 !~.lRb141M ,rl'R!. 

2. oOJlplane)! und Op'E9,J111!!11a op!1W1. '1'he nonbern 

reg10n ( •• '10118 7 aDCl 8) 1. 4old.na'.' bl : ••• 011u., 

.00109 boue'9)~ 01.oorbl. rota ••• and CLbl.14 •• lobalulua. 

rbe 1114410 are. (.t.t101U1 5 and ') le 4ollino'od ItI 

A_Sa ",carl1. nop11! goloN, 6.phle",lH 1""91 anA 

M9Itlo109uUn, ~loRrp1,. a.elclee thoac, cortaiA 

ooeaopolltan .,.,lle are foun4 'brou,bJu' ,be area. 

l!. beocaR1, 991119,"8100u"_ "!leylJAm ••• tU.! .... gr.'loulatu., 

:-\lIJ)bl.todll8 loe.op1 an4 Clb101clep lOb81;ulya. 

Ue4le7 .Il.!l (1~o7) while auqal. tbo for.a1D1teral 

fUWlA fro. 'bo boaoboa ot ... Zea1aD4 oftr 1000 1I11e. 

lat! tu.41nal rore', found. no a1an1floaat rop ~_1 Yaria'10Il8 



161 

in ,be t __ • Oooper (1961) la bi __ 'utio. _ tbe 

foraGnlten fro. ,be OallforDia beaeb, .e,...."' 'be 

beaob 8 peol .. , • .oa lu to threo prny1alonal tcuma .... on 

,be variatlons lD 'b.ll' Movreaae aa4 Bbwl4aDae iD tb. 

la'latiual re.... In ,be pro.OD' .'u'¥ 'b. pattern o~ 

41atr1 butlon 8D4 aWnd,u •• ot .foram1D1farel _pool ••• , 

tb. 8 81'e. are found '0 be ,ult. difteron' fro. ODe 

ou,n,ber. Aa .'a.4 In 'H oarl1er pan 'bo _.tbel'D 

et.'loDe (1 '0 4) are 401l1_t04 -1 larger tOrM. "be 

norcbGl"Il .,'-t1ona (7 and 8) are 40ll1natod. b~ .•• 11er 

f:>r_ and ,be 814410 8""10'- (5 alld 6) are .1 tb .. dlu 

81 •• 4 tor.. !bu a aroup1ac of forull1IUteral ta .... , 

.. 04 on 'be rep.QDCl1 OOO\lrnDOCt Md allQD4u.o iD'O 

'hreo '1,.0 u. pro,OII04 -1 00:),.1' (1961) OaD .... een 

In 'be pre •• D' .'1.l4J. tbOU&D tile leU t"Unal 1'". 
le no' oo.-14erable. 
8,"09'1 yarl.t'9Ql1 

WbOD a oorre101;1oo 18 8:)ugbt b .... on tbo fora.tn1tarel 

dletI'1~'1oa aud 'be 00010e10al para .. tare, l' _ppeera 

tlw' tbao 100to1'8 .,1 'b •• aaoDal 01°18. are ro.pOt;..Ut1e 

tor tM po",la'l08 veDal.. 81... ftl'1.'lo_ la 

'oagera',,", •• 11m'l. pR and 4~ •• olftcl OSI'- are ••• 0. 

.op8llClont. 1 t 18 o.140ft4 t.tiat the, are lapOr'an,\ 1D 

oon'roll1Qg 'he tora-'niteral GOOUZTen8C and abQn4aaee. 
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11.aart1D& tbo .... ooal OOOUTonoG of fonld.nlt.1'8 

tbo 8DZ1~ ~Del' la toUD4 lD 'be poat-.oaaoQD .... on 

and. tbo JI1n1UUil lD tb. lIOD8~on .0a.OD ln all 'bo .'."lon •• 

IJ.'h18 ah._ ,ba, the OOOUftnoo of tb... Id.orooraasu. •• 

In ,be '1401 ana fluctuatc8 a.u.onalll. I" 18 aleo 

ovldent 'uat tbe 00010&10al o~Ddl'lon. are t ... urablo for 

" .• ao protozoan. d.urluc pro-aoaeoon a.H1 po.t-.ouaOQIl 

port04la. Dooauae of tbG untayourable oool .. loal eon41'lona 

1n tho aoD80OA per10d 11'9' ... 11(; _pecl_n. are taw. 

'bo d.oel1ae 1n 'bo Du.ber of llT~n& 1nd1~4uala ln 

'he .0118::>011 pert:ld ., bo clu" to the low rate ot produotlon 

In the .'811410& orop 4urlcJ& ,w.. porlo4. ID June w1 "b 'b. 

ouaot of 'bo aoQ80~n G .u44011 ebauae 1n tbe •• 01011.01 

COlul1 '10~~ I).oura ~~4 G8. reault -J 011. " ot 'a ••• 
aioroor80D.1 •• portad. This 1a 'ne re.on for ti~e doolll1e 

iD tbo DUaMr ot 11Y1D& 1a41Y14ule 11& 'be 110_0011 per104. 

Pro. Bov •• ber onwurte 'be eo01081081 ooo4i'loaa beeo .. 

tavou.rablo aufi tilo etendia.g crop iuorouo. and reaobea 

1'_ -.si •• ln Apr11. 

!bo d.ata roveal tbu' tbe •• oaol.a1 :tluotLlatlona ln 

'bo 401181 tl of forcua1D1tora la aulnll clU., to tilo cllouso. 

1n .011111'1 fro. B.tteon to aOU8OD. Tbo tuuna .b:.. 1 te 
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.xi.- 4 ... 1 tl ln tbe pre-llODllo;JD peno4 .ben tae 

.al181 '1 reGobc. 1 te lI8Z1aua _lu.. Tbe tor.ldoll.ral 

atau41ng 01'0, 4.onae •• 1n .. aber w1tu tbe 4.ore ... 1n 

.a11D1 \J • 'lbo n. ... mbor 01 foraa1n1t.ra 1nor..... .1 tb 

tbe 1noreea. in 001101 tl ana tbe poek 40081'1, 01 .bou" 

,tlNO t1mes as ,bat of tae .... 0011 aouon la obe.net 

Tb. oftl'&ll po" t.rn of tbe .... ~u.l cl1.tri butl:m 

of rorall1nit.re 1n 'be .na oontOr.8 with tbat la ,be 

l11tont! tiel ar •• of aencl.)' beaob ••• "ob aa 'bo.e atud104 

b,i Boltaftkol (1964) lD tuo 00 .. ' of South A_r1ca, 

~lIi.tb (1~'8) 1n tuo oout ot P1J1, neAl • .,.I1 Sl (1967) 

aD4 ~1 (1971) in tue C~u8t or Now ZoalaDd. ID all 

'ue.o ar... 'be foraw1n1t.ral Iau.La e bow .. ra ..... onal 

tluo'ua~10_ 111 'no .~8L41nc orop acoor41na to aaUntt, 

oboJ.go. - nn 1ncre .. oin DUmber .1 t.U an 100noao 1n 

a.., 11n1 '1 aDd a 400n88. 1n maabor .1 tb a 400r.... 1n 

auliDlV· 
riS! Y8r1.t19p!1 

Rlou GnU 4iyoralf1.4 tarGldn1toral tRuna oocur 1n 

'bo near aboro at~allow area aD4 .on.ralll tbG toro_li1tON 

1'1 ,,1 tbin the 1I1~e range of 0.2 to '.5 _. !b. intortid.l 

.roa 18 populate". by 01'&8111 •• ; 'r ... por •• 4 fro_ tbo no • ., 

.hollow rctg1:>n. ot 110 0 tban 1S0 epeclc8 of foraa1D1f.re 
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eol1eo'.4 tro. 'bo oO,l'lnental abelt of 'orala, ,0 
apeol .. are laqo .1 .. 4 tor. witb tbe .iao ranee 
betweon 1 an4 1.5 ... 22 epee1 •• are ... ller .1ta 1 •• lI 

t'"an O.2~ .. e1... 1'ho 1'0u1n1na epeei •• are w1 ~ln 

'bo a1a. t'anco fro. 0.25 '0 1 _. Porall1nitere of 1 ••• 

than 0.25 _ aiao are DO' touncl li Yiraa ln tbe in'ortiAal 

aone. 'h. _41l.l •• 1a.4 tor. are fOWlet rarel1 in 'bo 

anG ••• !arl •• 1a.4 toraJlin1tora aboft 1 ... belonc1ua 

to 'ue famtli •• '-11110114 .. , lonioni,4"e awl 80"'U148. 

are 'ue oo..ao forae ooc~rr1u& lD 'bo 1u'e~1'a1 zone. 

PulQIOr (19'6) tau repone' 'J"!P9!aemyl1p., A_ni_ 8114 

Elpb141y .. ,be 'tYpioal an4 oharao'er!.'!o .. nora ot the 

.ao41 beaoboe ot ~.x... !be pnaout ioft.tiC_tiOD area 

alao •• e_ to bO ma1nll populate. bl lar,or .poo1 •• 

boloDglnc i:> tu. aMY •• onore anA 'bus _,noing .1tu 'bo 

t1u41.uaa ot ,be O!.JoYa a,,'bon. 

S\!p41UB .rop .. ~4 P'?4!l,'lMI 
noGI.1' !l1 !l (1967) roaru4 tba' =>e' beach •• 

•• 0. '0 be ~opula'od b~ apeo1 •• tro. 'bo noarby aub-l1"~l 

area. ami iba' thue taWl8ll Y"'1'1 aocor41na '0 ,be 

l.o.r~pb1o.1 poe1'10n. ~r., (1967) ba8 ebown ,bat tbo 

"s10na ot .u.uU .'and.1oa .r~p .at bay. low pro4&lct1on 
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AD4 repou ot yor1 1 ..... ~1t11 on, _, baTe 

blab produo'lou. Aooor41na 1:0 bi_ tbe f.~I. ln • 

beaob are. ropre.ent. tbe tertl11'1 of ,be ••• floor 

of "he noar aboro reglon. I~ "he pre •• n" a~" "be 
Cocb1n 008." (atat10n 6) la an area of blab produotlon. 

Th. abundllnoe of Pb.1toplanlROD; prov1de. a ao04 auppl.J 

of food tor foram1ll1fera. Tbe foram1n1foral a1:an4~llC 

crop ." a1:a1:10n 6 la rela"lvol¥ hiah anA thi. atJ1 ... 

clue 1::> "be b1&h pr04,,0'10n ln the noor 8bon wa_n 

of tb1a area. 

C91p1r1,oe with o1:bet .t ... 

hoa ~ at"" of tbe 41a1:r1butlon of forald.ll1tera 

g1Ten .bOY_, l' 1. aeon 1:bot tbe 1W1Olber of apeol08 la 10 •• 

bore oOllpGrG4 1:0 otber beecd.. :>t the wor14. Sln" 'hla 

la tbe tin" a'''._p'' to atud, 'be 11 Y1Dg f019Il1n1tera 

tro. "bo interii4al aroa 1n In410, 8 co_parieon ot tbe 

speo1al clletrlbutlon of '\h.ao crgaule •• 1 tb otber parta 

ln In418 la no' poa81blo. ~" .. al~a41 .. ntlone, "be 

toraallUrera ln tbe In''enlclAl area bu beon a .ub~.o' 

:>! a''''1 lh a • .,.ral roclol18 of tue wor14. Of tbe 11 

livo epool0. reoontecl, 10 are kuown luwretltlal for. ill 

.anq boacbee of the world and tuc romaining 7 .1'001 •• 
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are Dot ,.on lD .." oi tb. pnyloWJ rocorcls or 
lntertl4al oollootlon8. Tuo Im~ foroa1n1feI'81 

8 pool0. are (In ordoI' ot 'bOlr abwl4anoe la 'bo pre.ont 

901100",100) 'ROpia MgOR11, E1Rbi41!l' gpUoy1.S"'!, 

!. orl'R"'!, 1. aclDDU" .r;.. _9011YI, j!.l1QSlMoloou11ga 

,oSPMlyw, JOn101Jlbogoanql, r~l blg1"e, lso.'u la, 

:1aoorb1e [981100, and WiDQUO lsoouUgp blo;)rSa. 'be 

tollOWiQg apoele. oba.r..4 ln tbo present oolloation 

8e •• '0 be Sbe rAre' 1'0001'4 fro. tbo lnt.rt14al are"l 

Rot.11e p.1cGl', Aapb+.at,&1aa lo!!oBii, NOn1op .10oN, 

>p.roul1no "'wlo,G, 2. 90IR18go", b1.1ooyl1ga 

OlJlopiG oncl Qp!rculigal1e 0MI1N11. 

:PoraDd.n1tera tro. tbo beach ony1ron_n't of 

_rtba'e Bino,ari Ialanc1 1n ,laDCl bad HOIl atu41.4 

~ To44 and Low (1961) .uP reoor6od tuo apool •• 

*ln9,\.lolo(~\lUua ,ol!1uul",a, J'.uamonlu bGooarl1 and Elob1diu. 

oratlgylu'U fro. tbe area. Tbese Sbroo speci.s han 

ala:> been roport.cl bl Sequra (1963) rr~m tbo be.ob 

aamples ot Mex1oo. In Puorto Dea •• ao OOat'\ of eoutb 

A_rioa.., Bol"ovako.v (1970) rooor604 IlpbiCU,p !!Oollp 

8. tbe 1I08t 401l1nnn' specioa. fa1'tb (1968)baa Obe.rve4 

£. aead.nvW- 88 "be 4oa1nant apGc10a ln tbe '14al 
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flat of Cbil.. A "gcan1, ~. ..!1PH1t'. "wol 
bo.oa •• , ji. orat1oylotsm auci! •• oellqm bave MOD 

reporM4 fro. Jaclo Bal *' Nortb Se. OOU' by naako 

(1962~ _ In tbe ~low Z.alan4 beacho. tledlo, !i" (1967) 

bD. reoorde' ,g- .e!1l1!lum • .11- ornt10ula'911• 4_ "ooar!1 

and Clb1014 •• lobGtulu. 88 'bo t~p1oal boaeD for ... 



SUIOWlY 

Tbe pre80n' 1Iln_'1.atlona .onflne to a .''''7 
of tbe 41atr1""tlon of forall1nitere 1n tile e.' ... r1_ 

enY1ron81u' and '0 lnteratl tlal area of tbe aaat, 

beaobo. of tbe t:outb "08* Cout of to41a wltb a new 
to oorrelato tbo 41.trlbutlon and lnt.na1ty of 

OCOUrr8UO. of tbo yarlo~. apoole. w1tb ~4roarapbl0 

oouditlona' and 'he .ubltrato ob.ra.t.rtat1 .. of tbe 

areta. 

S tucl1.. on tho fora.d.nlf.ra of 'be oe tWir1n • 

• nY1ronmon' "1'0 oarr1oA out ln tbo Yo.bonacl Lake, • 

-J or o. tU817 111 tbe tov.tb If •• , Co .. , of Incl1a oxtencU.nc 

for abo,,' 60 ka froa 000b1n bur_uta ln tbo nonb to 

AlloliP.' ln tbe aoutb. Fonr11,htll 001100'1008 ot 

hlc:lrO&rapb10al clata aud "rab a.apl.. of bottom 60p081 t 

wero ... e for a porl04 ot 2 ,oara (JulJ 197' \0 I_no 

1975) froll1 f1tteen .'atl08 obo.on _lODS tbe lo~b ot 

tbe lake. 

Liv. toraa1n1tera lu • un1t aroa of (10 •• )2 

8urfaoo a.41_nt aaaple bave been 0.tlruu\o4. ib1n, WO 

living .poo1 •• ot .;.oraad.Difera - wont, ODe oaloare •• 

and el" yen ob1tlnOll8 0134 e111000\18 for. .oro obttone. In 
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tbe •• "war,. ,be .,.01 •• ot tor.IliD1t.ra ln tbe 

.tu410" area a,pear '0 'Yer, .o.orcU. ... \0 •• turi_ 

00D41'10na. !be g.neral 41.'rl~'10n ot tbo .p.ol •• 

• bow tba' tbo lower reaahee ot tbe o."u&rl 1. 

obaraot.ria •• b, oaloareou. apool0. wblob are 

a.en' In ,be upp~r reaobea ot "be oa_Ar1_ Tbe 

epool0. AlIIDOnia boooarli 1. ,be .. at cloll1DArl' oaloereoua 

tora an4 oODB'ltuto. about 5~ ot tbe total toramlnlt.ral 

population In tbe lowor balt ot tbo ' •• baaa4 •• 'u&r,. 

Cbl'inoua and ,ll1a.oue tora.tnltera are 4081aaat In 

tbe tro.b wator sono ot 'be uppor reab.. ot 'be area 

and '$hel oeCHar rarel1 In ,be arl .. soue. 11l1"'n. 

tUBoa and Saooa_M • pbalno. ooour abwlcion'll ln 

,be mi44l, re,lon. fbe Tarlou. epoei" are olaaeltle" 

lnto 41tterent aroupa _ .. e4 on 'bo 0001011081 ooa41tloaa. 

Tb, lnTO"1aetlon .bow. ,bat 'bore 1. groa, 41 "ral " 

of .enora and .pool •• ln "be cllft.rell' n~lODt ot tb. 

o.'"arT· 

!bo "clroarapbloal ooD41'10Da ~t tbo V •• bano4 

lake ,bow .-ru4 .,.oul varla'loaa. SaUnt" la tOWld 

to b, ibe .oat lmportant tactor tbat oontrola tbe 

ooourrono and dlatrlbution ot !ora.iD1toro in tbo 
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.,. •• baDa4 .. turf. AtMllpt bu beOD aac1e to 

"O.~1l the. lowor UId... ot a.Uai tT 1nto .biob 

.eoh apoo18a ,..tra"... Di.trllN"lon ot torUl1n1tera 

in 41tt.rellt •• a.oDII abowa aax1 .. - ,oPllaUon 4u-1ug 

.be pro-aoll8001l per10d encl tbo mui._ .bari. "be 

1IOD80011 pertocl tbro"lho"t the .a'uarl. ret18.tl. 

tbo 40po1148_8 011 aa111l1V. Low apool •• oODOontrat10n 

1a D;>t1004 111 tbo "patr ••• enel ot "be lak.. 'rbo 

d1.tri but10n 01 forall1D11era ln d1fteroDt tlpoa ot 

bottom .,oe1 t. haa beon .t,,4104. Tbe _t"l"e ot the 

BubatratulI· bu lreat lnfluonoe on tb. 41.'l'1RtloD. 

ot bon"bio torall1D1tenl populatlon. Tile foraldD11era1 

a'al141oa oro, la aol'O 11l ,be 10e811 tle. .bere tb. 

aub.trato 1a .1 th tlne .0 _41u •• um4 lliaecl w1 'h low 

poreeD".. ot aue. 

S.,,41.. on .bo Yortioal 41a'ribut10n ot foraaiD1fora 

.bow .bat IIOre 'ban 9~ ot tbolll OOO\1r in .00 upper 1 •• 

ot tbo .041won' ~~cl verI rarell ob •• rY04 bolow. 

In .. a'1,at10D ot tbe 1.1'01"8U t1al toraain1tera 

tro. tbe 1ntorU.401 .rt.. ot the attn41 .aobo. Aaa boOIl 

oonGuo'.4 be.oel OD .00 ••• p10. 00118."84 elur1ac 1914-76 

Irom tbo intertidal are. tro. 8 100011t1 •• aloDC tbo 
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8ou~b Wea~ Co ... ~ ot III41a ex'en41oa troD CaaaaDOn 

1D 'be nortb ~o Oa,. Co_rin In 'be aou'b. !be 

41aU1.builon ot forallinitere 8~ \broe ~140 leTela 1D 

relatlon to tbe ooolol1oal paro .. ~era bayO ~oon 

.tu4i84. S.~nteen 'poel,. of li?e fora.1nlt,ra are 

Dotlo04 1n ibe area. ,be U.e .peel_ne ln 25 Ill. 

••• plea aua17a.4 Tar, trot 5 '0 48. ot tbe 17 a,.010., 

A_me p,oarii ooaU tute. tbe wllt ot ~b. fauna 

la all tho an_. 9M1My,lo9u11¥ ,ol1pylu., .,0109 
.loW, ;':lp"41", Ir1lRWI, 1. ora'l.ula'u., I ....... 1IIf 

ana C1D1.140a 10bPS",lu! are tbe o'ber oo..on and 

w1cleeproaci apeelo, ,bat ooour 1n 'ba In'en1481 ftlPon. 

population ,bow. .artatloaa at 'be 

three i14e 10.ola. ot the three S0008 atucl1e4, tbo low 

.a'or lovel ''''pport, 'ho ..nmua nullbor ot toraalniten 

10 all tbe .008008. !bo ,'u41 alao 'b~ua' tb. 

pop~latlou 18 higb clurlQ1 'bo pr.-.oaao~o aooo,n and tb. 

total DWlber 10 poor tun. "be _Deoon p.,lo4. ot t. 
ao.oral aDTiron_h'ol f .. ,ors aallll1t, ball ,be area'a.' 

intlueooa on tbo ellainw'lon and abuocloDOo ot toramuit.n 

ln 'bo tnt.ra'l'lal .an4 ot "be t14al area alao. 
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!be oorrelatloD betwe~n .aDd crala .1.0 aD4 

tbe tora.tn1toral ,o~la'1oD of 'b. lntertldal area 

1. alao <llaoLl.a.t. Tb. !erao al.04 forall1n1fera eboYo 

1 _ are found .ore at locall tl0. wbere t.:.a", b •. '"te 

18 wltb blab proportion of _41wa aauA ao4 tbe a.ller 

tor. below o.S _ 81.e aro abundant ai; aU .. loaa wboro 

bi,bor poroon~ .. o of t1DO to Yorl tlno aand ooaatltut. 

tbe .\1batro'e. "41u. a1 .. 4 tor.. In tbe al.. re.o 

ot 0.5 _ to 1 _ oocur aoro iD DU.ber a .. a-e .. wbe" 

tbe .\1_trato • Rowa a relatl yoll blSh peroont .. o ot 

t1no .ond. 

A •• n.one1 yule'loa ln tho 11 TO 8u<1 clead allell 

ratl0. baa been not1004 1n tbe area under atu4l. In 

aon.ral ,be nullOor of 40at .be118 atH.WS a 4ecl1ne tro. 

tbo upper 1 •• 01 to tbe lowor 1 ... 1. ot tbo 17 .poo1 •• 

of 11 .. toraainitora oolloot., in ,be preaont a'utr. 

10 are known 1nun'1'lal tor. la aa., be .. b .. of 'b. 

otber pan. ot 'bo world wbile tbo re_lning ono. 

ban beon preY10ualt %'Ooor40d on1¥ fro. tbe lubore 

_ton. 
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