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PH1'SIOLOGICAL STUDIBS 01 lURPBrSA GRAVELY! SOU1'HI5lUf. 

CHAPnll II I'! ROD lJ C ! I 0 I. 

!be ,l'ovtb ot our mowle4,. ot ouoUo and 10nio 

r.ra1atlon ln lny.rt.brat ••• can be traced troa a '.1'1 •• 

ot excellent reyl.." uailabl. on the .ub3lct (Ovne1.19131 

Soblleplr.l030. '35, Dakin I 14.0114 •• 19311 Pant1n,1931, 

Dakin.1935, Iro,b.1939, Be141e , 1963 , '57, Panlkkar.l~1 

Pro .. er .u al, 1950, R ... .,.19M' Robert.on,1957.'60a, 

Sbav,l960c, 11001.1960, and LooJarood.l962). It 18 

ca.mon knovle4,. that penetratlon ot braaki.b vatlr. or 

r.glona ot lover .al1n1ty b .. bien aoooapll.be4 b1 •• v.ral 

.uin. an1ul ph11a inclu41nc the pol1cbaete.. 'rbolllb 

pre4011linantl1 .arln., a tev Uke the I .rdd. bave .uoo ... -

tu111 •• tabU.bed th •• elv.. ln re,lona vb... chanc.' ln 

.alinlt1 aD4 t .. p.ratur. arl u.ual (Z.ntIYlcb,l9571 

BartIlan,l960, hlth,lge3). tit oth.r. 11kl th. (111CIl'14. 

and thl II.pbth14., have been r.porte4 trOll f'rl.b vater 

(WI.lnblrc-LuD4,l9S8, Southlrn,la31). Suob lndIP.II4",cl 

OYer tb. InYlroa..nt b.. been .14. po •• lbll b1 .ICban1 ... 

tor o'JIloUo/lonlc rlplat10n or both. 'aotor. Uke (1) 

p ... 1Y. tollrano. of' th. tl •• u •• to lowlred .alinltll., 

(11) YOlua. or vlllbt control, (111) reduotlon in p .... a­

bll1ty, (lv) production or bJpo- or 1.0 .. otlc urin. ItO., 

bu. in Yar,rlnc dl,r.e. contrlbuted toward. thl .aintlnanol 

\ . 1 
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ot a rtlatlvtiT conatant .111.u lnterl.ur (Claudt 

Stl'llal'd,l885), v1th011t vb1ch pu .... trOll th •• ea into 

bracki.b and frt.b vater vou14 h.,t bttn tapo •• lblt. 

Stud, ot tuch .peele. and tht faotor. oontributin, to 

thtlr .ueoelltul I11rYbalw:9u14 aid the tlueJAation ot 

probleaa uaoolattd vlth tht oolonia.tlon ot .uch dlvtr't 

.edla u tht braokilh and rrelh vatera. 

Polychatte. baYt bttn obat"ed in varloUi locall tit. 

1nvolvlDl oonaldtrablt dllutlon ot tht .ta vattr 

(llortnt1n,l899J rtrroDnltrt,1901J AmlaDdalt,1922, 

Dthorne,19a5). Pear.t (1918) tuain1"1 18 .peeit. ot 

poiTchattt. round that onl, two vla., Laonlot yirldl. 

('trriU) aa4 Nertll .irtne Sar., oou14 11Tt and be aotbt 

t tor perlod. ot two to thr .. vtta in ont tourth .ta vater, 

but 41td in vtalttr .olutlona t
• luti. Urtna ooUlettd 

trOll tht braokilh vattra or thl RbII' larrququa, vert 

ablt to vith.tand ~ dilution ot thl .ta vater, vbtrtu 

the I.t .pe01t. trOll thl open .ta oould toleratt onlY .,. 

dllution ('toppin, A fuller,19d). QlToer. 41branch1ata 

bte.1 avoUla aM turlld evlft in 5f1$ .ea vattr, the 

1ntt"lnt bur.t1nc in Ireattr 41lutiona. On the buil 

or their toleranol, 'fopp1q A FuUlr (1M2) haTt accounted 

tor the 411trlbuUon at the.. POlYChaltt. 1n the tltuarr 

ot the Rber lIarrqu .. u. 'lbl 41atr1bution at Xtrt1l 
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41Ter.1color .1th.r at II.fJord, Denaark (Sa1th,l 55b) 

or at '-.1 Bq, Mlllport (Sll1tb,l;55a> or in the 

T_ar lituary ( ltb,19M) baa al.o been ,over ned hr 

.. l1n1tr tol.rane. of the aniaal. I.anhl 111ht1 

(,.'nb l1an1eola>, anotber Der.14 polrena.t., althcal,h 

could be ~apte4 to fr •• b water in the laboratorr, 11 

reltrlcted to the •• tuarin. or laOUltrlD.e .1tuatioDl in 

th. Salinaa R1Ter B.tuary (Sa1th,195S). Bued on .. r­

talltr rat.1 vb.D .xpo.ed to bfPO .. otlc aId!a, 

Ir1ahD_oortb1 (1962, Appendix 3.) .xplained the 411-

tl'lbutiOD of 0Uq.n tlbranQh1ata, Onuphh .raUa, 

Lo1a1a aedusa and e11aeDI 1na.eta 1n the Mra!' Zituarr 

and tollowed 1t up wlth a l1a11ar studr to und.rstand the 
IL 

411trlbutlon ot Dlopatr~ valab1li. that occurred in the 
t 

.... 'Ituary (IrllhD.oortbi,l963h, Appeadlx S.). AltboU&b 

tb. rane' of tolerance of a lpec1es could be incr.aled br 

,redual accliaat10n, the r.lpons. of an or,mi.. to 1U44.n 

.avlrona.ntal chanc.I, 11 a pria. faotol' oontrlbutlnl 

to 1t, lUoc.l.rul 'Itah11abs.nt in dly.rl. l1tuat10D1. 

It 11 oOElon knovled,. that the relpona •• to hTpo­

and bfp.ro .. otl0 ald1a art 41ff.r.nt 1n 41ff.r.nt pol1-

ch .. t.. .. ••• n In 1"'11 41y.,.1qolgr ID4 l.r,l. qult,it,rl 

(B.edl"li9l, '371 Schl1.per,lw.a9 •• h, '3S) and 1Itr,b Jir.M 

(S.,.1'1,1935). !. 41y.ralqolgr be1D1 eul'fbal1nt, Ibowed 

b.tt., pow.rl of volua. r'culat1on than .1th.r!. csltr1f.ra 

• 
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• 

01' !. ylrena. When nob .tu41 •• vel" .xt.aled to '01U' 

.peol •• ria., G. _branobl.t., O •• r_lta, L. aedual aDd - - -
£. iDa.ot., lt v ..... n that both In th.ir o,plcltl •• 

tor ¥Olua. r.,ul.tlon and tol.ranc. to hypo .. otl0 .edla, 

th., .bowed 41ft .... no... All ot thea, vlthout .xc.ption, 

lDO ..... ed In 'foluu. t the .xtent ot lno ...... Yarled 
iho. 

tl'08 one .p.ol •• to~oth.r. All but~. 1Ib'lQqbl." b.,an 

to 4101' .... 10 1'01_.. Bov ... r, th. tinal yolua. att.1.ned 

at the .al ot 4 bra 41tt.red, once ... In, troa .peel •• 

to .peol... !bu, both th. 1n1tlal 100 ...... In yolua. 

and th. t10al vollll' .ttained v.. th. low.t In £. lM.gt. 

aDd th. blah •• t 1o~ •• pmMl." and ~. ' .. u.. 1&. Mpa. 

ranked b.tw •• n tbt two (lrl.bD .. oortb1,l 2). Inor •••• 

in Y01UM 11 lell 10 eurybal1o. than 10 .tenobal1ne tOl'U 

('ro'''1' .t al,la50, .J,sr,enI.n , Da1 •• ,l 57). In br.okllb 

".tel' an1a.1I IV.Ulq 11 tollowed b7 w1ua. r.cul.tion 

II r.ported In I DUIIber ot pol1ob1tt •• (Be1d1.,lQ:U, '37, 

11111,1933, '37, tSg, .Jur,'M,lQ:Jl5, S.,1 .. ,lQ:J5). Vol .. 

r.lu!lt1on, th'l'.tor., COlUltltut .. a 411tlnot .eoban1 ... 

P ... ly. tol.rano. ot dilute atdl. aadlor yo1ume 

r'culatlon, altbouah 84'fantac'0U8 by th_ .. lY .. , can but 

b.y. l1atttd I1cnltioanc. tor a p...... into braokl.h "ater 

r.,loM, unl. ... aocOlipanltd b7 a reduction in peN.abUitJ. 

AlthoUlh dir.ot 'Yid,nc, ot reduoed peN •• bility in th. 
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tona. .tu41ed by the author 18 not ..... allabl. 

(Xr1.bIl.aoortbl, 1962) , the .... rlationa in '101 •• con­

trol 1n41r.etlf 1n41oat. the .xt.Dt of pera.ability. 

Aaone the tora •• tu41ed, in!. YV1tbiUI bo_ the 

inUb1 1Iloru •• In YOl • aM. the final ... ola. ,tta'ned 

at the end ot • bra ".1'. the aill1.aa (El'ishD._oorthi,l983b). 

'fb. other •• howed Y&!'fine 4eer ••• of YOI •• oonuol 4.­

pea4ine oono.1Yablf UpOIl th.ir peNubility. 'fhat th. 

'ate of chlorid. exoballl. and th. p.Nubility to vater, 

ver. lover in the eUl'fhaliae !. 41v.re1oglgp than in 

either 1. pelasiea 01' !. ylrena (.! .• 0utl1.m1) vu 

4nonatrated (Bethe,l934; Jldrc.naen ct l)ale.,1951). 

'r8tter (19SS) alto (OuM in !f. 41yer.icolgr & low.r ala -
exchange than in Perin.,.i. o\utrife£a. Froa the abo .... 

• rldenee U 18 reasonable to aco.pt that!!.. yariabil1l 

vith 1t, pronounoed .uryhalinlt, aDd better yoluae oontrol 

would evilloe reduced peneabUl ty to vater. But reduoed 

peraeablllty alone i, insufficlent for lif. In .e41a of 

lover .alinit1e,. Salt upt • 1. n.oe.,ary tor the .&iIl­
t.nanee of • oonatant al1ieu lnt.rleur. R. 41 ... e1'llo010£ -
a&1llta1na en internal o .. oUo pre"ure hlper than that 

of the out,14e ae41ua (SchUeper,1929a ct bJ B.Ild1e,1937) 

'*' and thl, J,src.naen I. Dale, (1957) obs.1"t'ed, vu due to 

active uptake of salts fros the medlua. Wbl1. Bllls (1937) 

fro. bis ,tudl., on the ,ame sp.cl., "la., !. 41Y8r,10010r, 

• 

i 
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troa Pl1aouth and Bo.cott, tound no aotl •• r'emlatlon, 

Z.Dk.rtoh (1938a It b) tound in tON' ooll.oted troa 

41tt.rent loca11ti •• , an abilitJ to .ainta1ft a blah.r 

o •• otio pr ••• ar •• 

Control over the concentratlon aad ~antlt, of 

urine 1. ,.t anotb.r tactor contr1bGtlns to the 001-

onl.atlon ot braokiab and fr.ab vat.ra. 'th1. baa b .. n 

v.ll deaonstrated _0D! Cruatae.ana (a .. r .. i.., ot 

Lookvoocl,l96a) and not r.ported in po11ohutea ao tar 

and noh eY1cl.nc. aa i ... aUabl. 11 0"111 cbCUllltantial. 

'l&klD! into aocount the taot that th •• or. avollan wora. 

(!. U .. nioo10r) and, perba " vlth • !lieur internal 

bJdro.tatl0 pr ••• ur.. vel" abl. to conc.ntrate tb.ir body 

fluid •• 01" rap1411 in _ ito.raotio .ed1& than til. 1 ••• 

• voll.n one.. B .. 41. (1937) oon laded that th .... Vat • oat 

olrcuaatantlal .. 14.no. ot the tora.tion ot urine bJpo .. otlc 

to the blood. Tbe r.l.tl •• 1y Ir.at.r 10 •• ot ~14. 

In I. 41"1'1100101' w.n transterred t o hypo .. otic .olutions -
U CO!IIpared vltb tIlat 1n!. oultr1t.ra (l1l1a,l939) and the 

,reater peN.abillty to 3S Cl in the tON.r ap.o1 •• thaD 

1n the latt.r, l!cl Jdr,ena.n & Dal.s (1957) to ar,ue that 

th... factors .1,bt oontr1bute to the excr.tion ot blood­

i.oaaot10 urin.. It ls oonc.ivabl., th.retore, that the 

kidneys would .nib1 t atruo tural lIod 1t10 aUons and ais. 

• 
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41tt.r.no •• accaapan,lne th. produotlon ot 1.0 .. otlo 

or bJponotlo urin., alno. th. aportanc. ot nephridia 

In .01ua. r'(Qlatlon v.. 4 .. oDat.ate4 In th. ..taarin. 

t&D-von, Sabella RBonlga, bJ Iwr a Iv... (194a). 

Ed'MaD (1952) t0UD4 in cOliparab1 •• peole. ot .... d4 .. 

tbat in LToa.tla Indloa, a rrtlb vater po1lcha.te, th. 

n.phrldia vel" 1ar,.,. in al.. and b.tter Ya.cntlarlae4 thaD 

tho.. ot the .t.nohallne P'~9'rtl. 999tla and 1'1'.1. 

qhUMMDalt. .\ .tucll ot the hlato1011 and aorpholol1 

ot nephr14la in i. .brMohlata, ~. ".lta, lie u4Jy. 

and ~. In"9tl, b.. 1' •• tt1e4 that vbU. i. .brMpMa" 

po ..... t4 nephridla ot th. protonephpOlllxlal tlpe vi th 

.18pl. .01.nocTt.. p •• tonlne th. function ot .xcr.tlon, 

the r .. t ot th •• peel •• bad nephridia or the alxonepbridlal 
• 

type. Jurth.noN, th. ext.nt or th. exor.tol'1 aurao. 

a.allabi. tor .xcr.tlon and tb. blood .uPPl1 th. n.phridla 

1'.0.1 •• , V'I" 1... In~. 'l' .. lt. than in £. lpe'p'a • 

.!e. a!dull rMke4 betw •• n th. two. Such a ooaparbon v .. 

not po.db1. in the c ... or i. branq"'''' II the otlla 

toninl th. n.pbr14iua wre 'JUc'tial in natur.. P.rhap. 

th. tal lure ot I'.culttlon In O. wbl'anohlat. i. a 411'.ot -
cone.qu.no. ot the kln4 and .tructur. ot th. n.pbrI41 •• 

It alao &r,Ut., th.r.tor., that tonatlon ot b1Po- 01' 

bo.aoUo W'lne b aore to be .xpectld in £. inltgta than 

in .1th.r ~. 'I'wita or !!. aldul! (lCrlabn_oortbl,l a, 

Appendix I.). Hovev.r, as ob"1'T1d .&rli.r, cOIlciualY. 

., 
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ey14eDOe .. prOY14ed b, b1. ol ... loal experlaent. on 

OU,oobute. (B_ • ., ,lM9a • b), ot tbe fo .. atioD ot 

b1PO- or 1.0 .. otl0 urlfte 1D brackl.b vater pol1ohute. 

1. Dot ret a.&llable. 

IIU. (1i37) trOll bl •• tadle. ot tbe vater aDd 

eleotro!1te excballle in!. 41nrliqolQ" o .. e to the 

00Do1ualoD that the velcht reCUlatioD v .. Dot aoooapaDled 

b1 oaaotio relUlation. hr41e (1937) alao v .. ot the 

op1D1on that slnoe the d.,r.e of 0 .. otl0 re(QlatloD Val 

relatbel1 .Ucbt, It oould DOt be oonaldered er dlreot 

iaportanoe tor aurriyal In dl1ute .ea vater. Isolated 

au.o1e preparations or the e\U'1hal1ne !. 41nrliqolgr 

'ODtlnGed to tuDctlon In dl1ute .ea vater better than 

tbo.e ot elther !rentcola aarlna or Perinereb oultritera 

(WeU. A Le141Dch_,1MOa>. Thb .. Bea41e (1~7) • .,. 

'throv. doubt on the .uryival Talue or 1 ta pow.... at 

0 .. otl0 recu1atlon'. 8lal1ar .tadle. on whole anterlor 

eo4. ot 'Vphlll erwIn SoIl thel'll, ban aIlown .pontaneou. 

aDd auata1ne4 aoUdty In dllutiona rancln! trOll 20lC to ~ 

.ea vater ot .aUnt t, 3-d.. (Jtrllbnllloorthl" I[rllbnaav.." 

1983, Appendix 4.). Perbap. th. &DIVer to th.u &blUt, 

to tolerate b7P0l1lotic a141& a., baTe to b •• aucht el .... 

Vbere and thelr capaclty tor ionio reculation, a ti.ld 

llttl. lOY •• tllated In pol,0ha.t. pb7.10loI1, would proTide 

the &naV.... Col. (1MO) tound that 4!lMitrU. bruno" 
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&D4 Gllgtra 4ibrIQQbiata hl4 ooaald.rable power. ot 

10010 r.lUIatlon. 4reo1ool '&rlpa h.. no 0 •• otl0 

oontrol but In dllut. .ea vater the oonc.ntratlon ot 

It bl4 becOIIe 118, ot Ca 113 aDd ot So4 _ ot the ••• 

10M 1.n the external 15$ .ea vater (Robert.on,1M9). 

Itrhbn.oorthl (1 ~o, Appendix 1) brt.tl1 reported 

on the "lUIaUon ot chlorl4e in!!. "anirl. It 1. 

wo polilbl. that .a1ntenance 0 t a conattmt Internal 

conc.ntratlon 1. bl'OUlht about in eltb.r ot two v., •• 

a4ju. ent by o.or.,u!atlon alofte II pr ••• nt In 1.. lna -
and !. cultrtt.ra (Duchat.au!! !!,1961) or both b, OliO­

concentraUon and Intracellular I4juatlnent in whIch tree 

.. 100 acld. are involved, as pre •• nt In th. or. eU!'1bal1na 

_. diver.lcolor (J.un1aux!! !1,l961). Tbat Cluco •• .., 

a1lo be reculated bas be.n 48!1onatrate4 In pbltrlt. orga" 

vho.. ,luco.. content not on11 1ncre .. e4 vi th the l.na 

or npoaur. but vith inc"ue In telper.tur. (WUbll',l9t8b, 

WUber .t MacDonald,19M). lltboUib Po11chute. are 

•••• nU.lly notelic, lose tr.oe. ot urea have been 

"r.ported, vlthout cent, in the ooela.l0 t'luld ot 

!t.niOpi. (Strunk,1 a, Wl1ber,lD&8a). 

Pb,l1olo,loal .tudl •• on pol1chut .. b .. e .0 tar be.n 

tainl, oono.rned vith inv •• tl1.tiona ob the behavlour ot 

adulta. Th .. e .tadl .. , valuable .. the, are in their 

• 
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oontrlbutlon toward. the toovled,e of po17obaet. 

pb1aiolol1, oan ,lYe but a partial ploture. It 11, 

tberetort. neO .. lar1 that noh .tu41e. are extended 

all tbrouah the onto,enr of a .peole. to obtaln a 

co-plete ploture of the recutato" •• ohani •• 1 of a lpeol •• 

AI a ~ole .. r_arke4 b1 Beadle (1957). In tbll re,aId 

the exper1aentl ot Bopold. (1954) are .,e" lnt.r •• t1Dc. 

S. cultureel If. 41Yeraioolor In .ea vater of ~ .alln1tT -
and nb~.ote4 var10ttl 4"'81ops,ntal .tace. to further 

dl1utiona. Se found the pr .. brval aDd larYal Itac" 

ver •• Olt 'Ulceptlble to .. Un1tr chanae., wh11e 10uDl 

vora. oould .urvl.,. in freah vater for .,.,.ral a ntba. 

'rb. adultl veH not 10 rell.tant. !be ,,,I of!. ,ra."l71 

Southern 1I01ated frOll tbeir jel17 coata, beba.,ed 11k. 

o..aaeterl lnorealtnc 1n dllute aedla and 4eore, 11nc 1D 

b1P'ro .. otl0 .adla. The larYae of the •• tatrooopbor, 

Itas' I owd IUlht 1apro., .. ent 1ft th. tolerance of dilut, 

.eella. A pro,H.ll." 10cr.... 1ft the tol.ranoe of III 

h)"pO .. otlo a841& v .. notloed ln th. next atac. ria., th. 

oeotooh .. te It.", wh11. til. adult. ooul.4 tolerate 

.allnltl •• o.,e. a wid. rana' (Ir1.bDaaoorth1,1951b, 

AppeD4h 8.). Another Sunio14, PloPUII TvitUli., 

beha.,ed 10 a UIlD8r 11allar to that .ldl1blte4 b1!. CUYam. 

A pro,r.811.,. inor .... ln the tolerance of bfpo .. otl0 

.edla v.. notloed tbroUCb the .,' to •• tatrocbop!lor. to 

neGtocb .. te to the Idult .tac •• (1r1lbD_oorth1.1ge3b). 
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Perhapa, U oba."e4 bf B .. db (19157), a oh_loal aoa17.1a 

ot th. 4eY.loplnc r.culatory •• obanl ••• vould ,lv. an 

lnallbt lnto th. t.blTolol1t ot oRotic and lonio 1"11" 8. 

tlon, a tl.ld .0 tar 11ttl. lDY •• tl,ate4. 

'"""' 'ra. th. pr,ciedinc account it 11, th.reto", clear 

tbat Idaptatlon ot a polychaete speol.. t~ braokl.b vater 

.nv1J' 'Dt, 1. a "1'1 •• ot ad2ustaants. It 1. alao 

ohylous that vbile. e lnve.tl,ator. have atu41e4 oDl1 

volaa. reculation and/or oXT,an cOnaDaptlon, 1et other. 

bave cOfttlne4 thelr tnY •• ti,ationa to one or two upeot. ot 

tb. phTa1010C1 ot po17cbatta.. SlnCe adaptation ot a 

apeele. to rtalllena ot lover aaUni t1 t 11 a .aa total ot 

all reaponae., thl nled tor atu4T1nc all a.pecta ln a '1ncle 

apeclea requir.a no _phu1l. With thls ob2eot In vl", 

the tollov1ng .twiT, hltherto unatteapted, vu undertaken 

not onl1 because the brackish vatera ot M1a1' pre.ent 

reatuHa pecuUar to a tropical country Uke Iadla 

(Pan1lckar & 111ar,l9371 Rao,liSl), but th'T t .. vltb a 

variety ot po17ahaete fauna. JOurthel'llor., Marpbfaa Iranll1 

Southern Val cho.en because .. one the polYchaet •• Who.e 

d1ltdblltlol1 in thl MTar braoltlah vater vu studled 

(xnshDaraoorthl, 19634, AppeadU S.), 1 t oClNI're4 over a 

vide 1'&1111 ot .al1nltles and penetrated tar hleber up 

the e.tll&l'7. 

• 
• 

• • 
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CJWIfBR II. MATIRIAL AID 1181'801)8. 

!he connntional a.thod. ot .xpos1nc th. &D1aal. 

to th. .tr..... ot b.tero .. otio ae41a, Val toll0ve4 to 

&l'riY. at th. SALIl'fn'Y 'fOLIDUICI ot "arphy" .raDlrt 

South.rn. 'lb. rate ot aorta11t, npr ••• ed iD tuIU 

ot peroentac •• 0rt&11 ty, wh.n .xpo.ed to dltt.rent 

'alWU •• , Val taken aI th. oriterion to und.l'.tand \be 

an1llal'. toleration ot aedla ot red ced saliniti.s. 

(v14. Chapter III, Pas. IS ). 

'lhe dllplac •• nt •• tbod ot veilh1la1 aquatic &D1aala 

u.1ng .paoitic Iravitr bottle. (Lovn4 •• ,19,g), Val 

tollowed. tor detera1D1nc th. VOLt)(J &ad 1ta BlGUU'rIOi 

i n "Mph!" craYWl when aubJ ected to t~ .tr ..... ot 

hypos.otio .edia. (Detail. ar. aiv.n iD Chapter IV, Pac. 2. "- ). 

!h. OSMOTIC COICU'tRATIOI ot tb. 80M l'LtJIDS .%pr ••• ed 

iD t.raa ot "aCl, V" detenined by th. eoaparatin 

.elUnc poiDt .ethod ot .Tone. (lMl) ... odltied by 

'r ... an a Rlll.r (1957) alo vith c.rtain r.tln ... nt • 

• us, • • ted by 01'08' (1954 and per.oaal comaunloatlon> &ad 

SulNaaran (1980). !be colleotion ot body fluida v .. 

aided by th. use ot capillary pipe tel tabricated at 

tb. laboratory fro. ,1 ... tUbilal (ttrex). Detail. are 

,iDIl in Cbapt •• V (Pas. 3b ). 

12 
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!h. mUCtIJRI ot DPBRlJ)U vu tollove4 t ... 

hllto10 lloal .aotions pr.p&I'ed bJ oonnnUona1 procedure. 

ot 1I10rotolif. (l-14. Chapt.r VI tor 4.ta11.. ... !> I/. ). 

!h. bod,. nu14 ClILOBlJ)IS were 4.t.rII1ned bJ the 

t1 trta.trl0 a.tb04 ot S.ndro,. (191.'17) u aod11'led b,. 

Robertson I V.bb (19Bi). !h. Volbard '. a.thod ot 

arl.nUia.trl0 t1 Uation vaa dboarded In tayoUI' ot thi. 

a.tIlod •• lno. til. tm4 polnt vu .harp and 01.&1'11 4."otabl •• 

PO!ASSIOM and SODIUM weI' ••• t1aate4 on a Z.laa F1 ... 

Photo-H.ter. the total raES AMmO AClJ)S weI'. deteratoed 

b,. th. oolor1aetrio .. thod Qt Sardine .. MacLean (lg],e) 

ollo •• n In favour ot Troll I C.nnan (19$4). on a OIled 

p.otropbotoa.t.r (SP 600). D.tail. are liven In 

Ollapter VII (P ... 71. ) • 

All r.adin • liven sr. usuall,. th ••• ana or e to 10 

•• tlaationa unl ••• otherwi.e .t~ted. Ixp~r1a.ntal edla 

ot d •• ired conc.atratioas v.re pr8p~~ bJ addtnr r.qu1red 

quanti tie. or 41at11184 vat.r to 8ea Water or aal1ait,. 

rangins troll 3aCo to 3~ For th ••• tiaatton or the aeana, 

tbe .tandard deviation, the uror or th •• ean and tor 

ap 111n1 the Student'. 't' t.at and the Ohl-aqQare teatl. 

SlaPlon .Il .Il. (1960) and Snedecor (lMl) vere roUove4 • 

• 

13 
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C1W't3R III a 

CONtlNT S. 

!!e. 
1. In' , 0 4 u c t 1 0 n. • •• u. 

2. Mat.rial &ad K.th04a. • •• I ~-

3.1 I xp.rt.enta on rat. of aortal1t, in 
b1PQnoUc .. cUua ot saUni tr 5'0 • " • •• 

3.a Ixper1aenta on rate of mort ali tr ~ 
hno_otic H41UIR of salin! ty 1 o . ::; • •• 

3.3 Bxperl •• nts on rat. ot ;:tal1 ty in 
a a.41U11 ot aal1n1tJ 1 • • •• '9 

3.4 Ixpertaenta on rat. ot aortaltt, ~ 
a hypertonic .e41ua of aalinity 0 • • •• -'-c 

4. a,.ar ka. ry -• •• '-~ 
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CBAPfIR III. lJ'.ItrI'l'f 'fOLDAlfCl 

1. Introcluctionl In a sun., (~lIbrl_oorth1.19fS34) 
ot til. braoklab vater Ion •• ot Ad.,u, Mlliru, v1t1l 

lpeclal r.t.r.no. to the occur.no. and .xtent ot pene-
e· 

tratlon ot .1x .peol •• ot P1,Gb .. t •• , yll., 0nyphl •• r,,1'a 

AuAouin .t MUll! B4vard •• Glxqtl'l abrapgb1at. Banlanatllan, 

Leilia '14pu BUiln.,., Dnw loltOt. Ebler., PI0Pttra 

Yu1&blU. (Boutll.rn) and MuM.". !p1J.M South.ml 

it vu 'Mn tIlat th. 1ut n.ed pol1cb .. te ,howed til. 

tal'tb •• t pen.tration 00cur1nc in talrl1 lOod nuab.r. In 

vat.r. v1t1l .al1n1t, 1'11111111 tro.., to • 'fhllr 

41,trlbutlon vu explained on th. bull ot .al1nlt, 

tol.ranc. u r.tl.oted by aortallt, rate., Wh.n .xpo.ed 

to bet.ro .. ot1c aedla Cl1'1.bnaaoortbi,l919). 'fbI 
~ 

occurFc, ot 1".11 yiElD' in th. braoki.b vater. ot th. 

BlYer luracuacu vu al.o .xplained u 4u. to it. tole­

rano. to low.red .alinlt, ('fopp1nc A Full.r,l94.2). 'fbI 
% 

t.portano. ot .alW tr tolerance 1n th. oocuranc. ot 

"1'.1. 41v.r,100lor botb at Eas •• B.,., Millport, 

(Salth,l;SSa> and at th. 'l'_ar B.tuarr (SlIith,19M), 

althoulb it a.,. bave bMD IOV.rft!4 bJ "coap.tetion and/or 

predation" at tbe Is.t30rd ( 11th, 19Mb) , bu be.n 

atr ••• ed. In th. Salinu Riv.r •• tuarr, California. 

'.anth •• lichti (".r.i. ltanico1.) 1. r •• tricted to 

1t 
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• 

• 
" 

th ••• tuar1M or lacnaa r1M I1tuatioDi (a.lth,l9Si). 

It appeared, ther.ton, that the rate. ot aortal1t, 

r.tleot1Da tol'l'an" ot ae41a ot reduoed 1&l11l1 Ue., 

1ft Marm.a craTelll South.rn, voul4 help in UDd ..... 

• tmUnl th. v14. 411ulb11t1on ot tbta von in the 

A4,ar •• w.,.,. In .. web .. the .al1D1t, rane. ot an 

anlaal ooul4 otten be exteD4ect or .h1fW to ODe or 

bQtb 4beotloDl bJ ,u4uallJ ebane1nc the .aU cont.nt 

t the .xt.rnal. aedl. or b, •• arinc the ol'.anll .. 

1ID4 •• 41ft.Nnt .alini~ ooD41t1oDl (Sql •• , lSlSS, 

"nne.l053 a' b, 'as, Schll.per,lQ55), the obJeot ot 

th. pn.ent 1DY~.ti.at1on belDC th. 4.te .. 1Dation ot 

the 1' •• PODl •• to .ud4.n obanl" to .al1olt" .. obtained 

1ft nat1lN, V&I Dec ••• arll, 1' •• uloted to the latter &lp.d. 

I. Mat.rlal aDd M.thod.. Marma ,.aYem u.ect 10 

the .xpu1llenta vel" ooU.oted t •• the bedl ot the 

A4,ar 1'1 •• 1', Vb.r. the, l1.e bI1rr1ed to • d.pth ot on. 

to two t .. t 1n loo .. , blaok, 1lU44, .011 in m.. d .. p 

vater.. 810" the loll 11 1001', 1t 11 DOt d1ttloult 

lOOOP the au4 vUb bar. baDdl. In t aot. aho •• lI. 

torb aDd noh otber •• t&l110 appUano.. vel" •• 14. 

u.ed, liDc •• 01" otten the, C&Uled oond4.rable d_ ... 

to the vonl wile 4111iD1 th. out. 'rh. von. vel" 

tr.ed trOll the loll bJ vub1nc thea nth vater an4 then 

15 
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tranat.rre4 to .arth.~pota containina br k1ab vBter, 

aDd tranaporW to the laboratorr. !h. VOl'll' ver. 

r.ared in ,lui troqha tilled Yi th tiltered braokiah 

vater. 'h. bracklah vater vu fUtered to keep the 

pr •• enc. ot particulat. aatt.r to th aSnS.ua. Anr 

VOl'll that .h0ve4 dIU ot the ooa.t at d.ath or t owd 
-was 

1.tharClc .... ..perated tro. the 0011.ot1on aDd DeY.r 

\lied tor ,xpeJ'lMIataUon. SlaUarl1 VOl'll' vb1ch "n 

not oaapl.te "1" a1l0 dUoarde4. fh. ~a1l "1" not 

ted in the laboratorr .ith.r durina the .coliaation 

per104 to laboratorr oondltlooa or durina experiaentat10nl 

&D4 DO uperiaent vu c01lllllenced uUl a 4., after, a 

period ot tta. ftHded tor aooltaation ot th. VO .... to 

labor.torr ooRdltlona. Aeration ot the vat.r. vu not 

ab.olut'l1 n.o ••• ar.r, but u a pr.oaution tb. aquaria 
e-

ven ~rate4. Ott.n th. VOl'll' bad a teRdanq to taDele 

tbea •• ly.. into a bolua ¥blch oauae4 UDDeO ••• ar,r 10 •• 

ot 11t.. Car. VUt ther.ton, tak.n to unti. th. u 

otteD .. It oocur... AU.pt. to k •• p .ach VOl'll in a 

"perate ,la.. :be Yith aboI" bt, .noucb to allow 

tor an ... , pu . ... in &D4 out ot the ta'" Yith equal 

taclliV, vel" DOt truitful, .ino. the, would not r.adll1 

take to thtl babUatlOD. altbo1qb. in nature, th., ltTe4 

In bul'OVI. AU 4UuUooa "ro. aad. up to tbe 4.aired 

.trenctba by th. addltlon ot 411tl11e4 "ater to •• a vater 

16 
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ot aaUnity I" lnc tl"OIa 3&C to 3~. fIl. sea vater 

Val allo t11t ... -.1 b.tor. lt Val 411ut-.1. Th •• alln!-

th. ot both the ,.a vater aDd ttl. 4ilutions • 
"""'¥-1- I ,. L' < • 

thel"~t, wer. 4.tel'lline4 bJ Mohr'. .tb04 ot -

tltratlon, by tttrat1nc 10 al ot th.. ple with 811 •• 1" 

lit,.at. .olution of .trencth Potasl1 

ChrOliate AI the 1nd1oatol' (Vellh a: Th. 

,took .01 tiOI1 f 11 .. 1' 1tnte vu .tor 1n 4uk 

bottl.. IIl4 Val .1' u.-.1 tor or. than • we.k once 

prepu-.1 . the 11., l' !fitrat •• olution VAI.t &1'411-.1 

aca1ftat U\t •• Water obtai ed 1n aapul.. tr the 

By4roll'aph1cal Laboratortes at Copenhqell, D. ark. 

3.1. ir. ot aOltll1tr in a hnonqUO 1I!d1ua ot • lin1ty 
o • -

I mptatDtal PEgQedu,,1 A bJpo .. otl0 .0~tl0 ot 

,t"ncth aCo Val PI'.pue4 by 1II!4t.na r.qu1l'ed _ount. ot 

41.tl11ed vater to tl'elh, tiltered .ea vat.r and 1500 al 

ot 1t Val tranat.ned 10$0 .ach of 10 thoroUlhl1 01.&0-.1, 

pr8Yloull1 au1l:ed (1 to 10), Clall, 8 11t ... bakers (PJreX>. 

!he beaku. oont.1 of nc .xperlll tal &I1l11al. wer. a&in­

ta1ne4 at 1'008 teap ratur. of .5 Z O.S·C by t.aer.t.na 

th_ 1ft a 1&1'1. tl'oUCh oontalninc vat.r. Into each ot 

the beak.r., 100 .1couroua ¥Oraa aore or 1 ••• ot equal 

1.41 th , •• 1eote4 troa a Oa.OD pool, v.r. t1'aDlt.rl'e4. 

• 
• 
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'lb. bel' that 41ed at the ot eY • .., 24 • in 

eaob b.aker OY I' a per10d ot • bPI v.. reoorded. 

Ob •• rYat10na ver. 41aoont1nued atte SI6 hr ••• in" 

trial I'WlI ot .xperta nt. ball Ovll DO a1.D1t10ant 

1nor .... 1n th. I' rate. bero that perlod. 

rroe th. 1D1t1al _t1»,.1' ot VON. 1 tro4 ln 

t 41 at th, ot 

-

• 

24 br •• tb. perolnta&. rate ot ortal1t1 va. a .tapla .. 

oaloulat1on ot rula ot thr... 'fbe percent a rat •• 

ot ortalltr at a. t .a. 78 hr. vas. 

boveY.... arl'1v . tbe ar ot 'lU"I1nr. at 

tba and ot th. ar t cUed 

4ur1Dl th. 001'1'" b pel'1od • . In oth ... 

b r. .at 4 1ed worb t att.pta to uka up .... ",y 

v.ra DOt r •• orted to. ~J!oa re ot1 n ot tra.b ¥or.. 

would . obyl0 '11. ba 41tt.r.l1t t.OIl tho •• that ara 

all'.&41 .011. boUl" 014 to th.. .u tal. lUll and 

1l&1. tber.tora. Y1 ila the r ita 11 to n into t. 

.. uitas A pa .al ot table aD4 tlcure 

(table I. , t,.l. ) lear17 eo". t • rate ot .or­

tallt 1 1n thi. • tr ( .) vas .. blp .. 13.aC at 

th •• nd ot 24 hr.. Fun 1'. th.re 18 a pl'O, .. ,I1Y • 
• 

inor .... in the r.t. ot aor tal1tr. 19.4 of tMa 411111 

.t th •• ad of 48 hr., 32. _ at the end of 72 hr., aDd 

r •• ohilll the hip., t rata of aorta11t1. 88._. at the 

• .. 
• 
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'r A B L B. I. 

---------------------------------------------------------------------------'rille ~ XortaUtJ' art.r 4a117 period. in beak.r. 
ill ----------------------------------------------------------------Hour •• 1 2 3 4 (5 8 7 8 9 10 X.an •• 4. •••• 

---------------------------------------------------------------------------
24 18 12 8 17 10 11 18 20 13 10 13.5 4.41 tl.39 

48 14 13 25 28 12 26 23 14 16 23 19 .... 6.16 + -1.95 

72 41 32 31 21 42 21 32 42 49 21 32.5 9.44 ~.99 

ge 71 62 82 71 53 61 81 73 60 71 68.5 9.36 !2.96 

---------------------------------------------------------------------------
'fabl •• I. P.rcentace rat. or aortalltJ' atter ••• r,. 24 hr. o.er a period or 

96 hr. ill a aecllua or .aUnitJ' g o. 'r_p.I 29.st o~S oC. 
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.nd ot os hu. A •• 1101 t1 or _ . could perhap' be 

the lowed uau that I. cr.yt1rl vould tolente. 

3.2 a.te ot aortal1t, 10 • hypo,aottc aed1ua ot •• 11-
altj lOJ •• 

Aft experiaeDt ,1altar In Pl'ocedUP. and dellcn to 

ODe 4.talted a boY. vu perfol'lled but vi til • h7P0,aotlc 

ae41ua ot .treqtb 1~ • 

a.,utt" Unlike in the pr.vloua •• linity ot _ . , 

the tol.rlDc. ot!!. sranili to thll nUnlt, (1~) 

vu dltt.r.nt u r.fl.cted b1 the rate. ot aortaUty at 

the .nd of 24, 48, 72 .M 98 hr,. the I11I11 .. t rat. ot 

aortalU, at 10.~ va •• vid.nt at the .nd ot the fir,' d., 

(24 bJI,.) ani! then th.r. vu a faU to 1. ~ at the .Id ot 

48 hr' (2 4.,.). Dup1n! both the 3rd and the 4th 4." 

1 ••• , at the .nd ot n and 9S hr., the plI'oent.,. ot 

aOl'talU,. v .. onl, o.~ (1'abl. II, rl,.l.). 'fh.,. r.nlta 

ladlcat. tbat a a1n1aum p.rlod ot 24 hra 1. r.quired to 

,.t &collaated to thia .a11n1t,. and further, that til. 

hl,b •• t rat. ot mortallt,. 1. ob •• rved durIn, thi. p.riod 

or ao011111&tlon. 

3.3. Rate ot aort.11t7 in a aedlua ot aa1in1tt 1 • • • 

R •• ultlt At tlU. s.11nit7, 1_., the bleb.at rate 

(S.JJ) ot aortalit7 w .. obsened .t the .nd ot the 2n4 dq 

(48 hr.), (l.bl. III, Fl,.l.). 1'1l. lIOrt.Uty .. ate. betwen 
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TAB L K. II. 

---------------------------------------------------------------------------Tt.e 
in 

Hour •• 

• Mortality atter dally period. in beaker. 

---------------------------------------------------------------1 2 3 4 5 6 7 8 9 10 Mean •• d. • ••• 
---------------------------------------------------------------------------

24 

~ 

72 

96 

6 10 

2 2 

1 2 

8 12 15 10 10 

1 1 2 1 1 

1 1 nil nil 1 

8 11 13 

2 a 3 

1 nil 1 

nil nil 1 a 2 1 1 nil nil 1 

10.3 

1.7 

0.8 

0.8 

0.91 

0.66 

0.63 

0.82 

:to.29 

:to.a1 

!0.20 

:to. 26 

-----------------------------------------------------------------.---------
Table. II. Percentage rate o~ mortality atter every 24 hra over a period 

or 96 hr. is a mediUlll or salinity 1~ 
+ ,> 

Temp.s 29.5 - 0.5 c. 
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'f A B L B. III. 

----------------------------.----------------.• ------------------.-----
'fille 

in 
1Ioara. 

t. lIortality after 4&117 perioda tn beakera 
----.------------------.--.-------------------.. 123 4 5 6 7 8 9 10 Mean a.4. •••• 

---------------------------------------------------------------.-.-------
24 

48 

78 

96 

2 

5 

1 

1 nl1 nil a nl1 1 nl1 nl1 nl1 

6 6 8 2 6 8 5 3 2 

1 nll nll 1 1 nil 1 nil 8 

2 n11 1 1 2 nll 1 2 nll nll 

0.6 

6.1 

0.7 

0.9 

O.IM 

1.SO 

0.68 

0.73 

!O.26 

j'O.47 

!0.21 

!O.IM 

---------------------------------------------------------------------------
'fable. III. Percentace rate ot aortallty arter ".1'7 24 brs over a period 

ot 96 brs In a aediUlll otsa1inl ty 1 • • • 
+ 0 

'f .. p._ 29.5 - 0.6 c. 

; 
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l.t and 3rd, 3rd IUd 4th 481' were not silDU'lcant «o.~). 

fbe hlchest rate ot sortalitr (5.~> noted at th" eDd ot th" 

Ind dar at thll .aUnitr (1" > 1. low, COllp .... ed to the 

tlp .. obtained in 1~0 (l.t dar) mt _Q (aftJ dar). 

'1'h1l ob."l'Ved nri.Uon, at be.t, could be due to dirter­

ence. betveen individual •• 

3.4. Rate ot llIonaUty ln hrperol1lotic aedi\l1ll ot salinity 
iij£. 

BtSUUII 'fh. aa11nl ty 1n the Ady.... e. tuaI'J ruch •• 

upto .0 . The rate "t lIortlll1tr at thi. salinlty wu 

the hllheat {3.S_> at th, end ot ~ bra (c.t. 1~0 ). 

Durin, the tollovins t hre. darl, hovever, the aortalltr 

rat .. v .... yerr lov, r anging betw.en 0.2 to 0.7 pel' c.nt. 

At the .nd. or the 4th dar 1 t VU onl,. o.e.( (vld. Table IV t 

'1,.1). It appear., that !.Ir8velli i. oapabl. ot I\lr­

vb1ns .. .,n .. hleh • saUnity .. 2aC., IUd, perhap., thll 

aara the upper 11a1t ot .aUnity tolerance ot thla aniaal. 

". R_YDI '!'he iaportanc. ot th. above .twl1e. 

to aOOOWlt tor the vid. distrlbuUoll ot Marphlsa ,ravalll 

in th" Myar astuUT, would gain a1gn1t1oance only vbell 

1t is viewed acainat • background ot atailar atadle. con­

duoted on other specle. ot po1.7cha.tea vb., Olluph1a 

trwlta, Gl1c.ra _branchlata, Lola!. aedusa and ClDtne 

In •• ota (Krlshn .. oorth1,1962) an4 Diop,tEo yBtliabili. 
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TJ.BLll IV. 

---------------------------------------------------------------------------Tiae _ Mortallt7 atter 4ai17 period. io beaker •• 
in -------.---------------------------------------------.--.---Bour •• 1 2 3 4 5 6 7 8 9 10 Mean •• 4. • ••• 

---------------------------------------------------------------------------
24 5 2 2 4 3 6 2 2 3 4 3.30 0 .45 + -0.14 

48 1 1 n11 2 1 n11 n11 1 1 n11 0.70 0.67 !O.21 

72 011 n11 n11 1 n11 n11 1 n11 1 n11 0.30 0.48 :!0.15 

96 1 1 1 oil 011 1 011011 1 1 0.60 0.27 !0.O9 

---------------------------------------------------------------------------
Table. IV. Percentace rate of aortallt7 atter eye~ 24 hr. oyer a period 

ot 96 bra 10 a aec11ua ot .al101t7 aaL • .. ' T .. p •• 29. 5 - 0.5 c. 
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t' .l B L B V. 

---------------------------------------------------------------------------------------------
Concea­
tration 
of the 
a841\111 
( . ) 

• Rat. o~ aorta11tT o~ .peet •• o~ polychaet •• at tb •• nd 24 hr. in 
hataros=otle -ed! •• 

------------------------------------------------------------------------------------b~llDqbl.'. st. I!I o .rraU. -' 1£. MClUI. £. iu.gta l!. Y.!fiabl-- :1. Iray.lxt 

.------------------.-----.----------.--------------------------------------------
24 48 '72 96 24 48 72 24 48 72 96 24 48 7a 96 94 48 72 96 24 48 72 98 

---------------------------------------------------------------------------------------------
28 3.3 0.7 0.2 0.6 

25 o 0 0 0 

18 264S B2 98 M 41 8S 98 24 44 S2 98 12 16 18 26 

17 10 10 1 5 20 

16 <laM 86 OS 36 57 88 98 98 100 - - a4 32 48 69 0.6 5 .1. 0.7 0.8 

10 98 100 - 100 - - 100 - - 55 6 8 74 98 10.3 1.7 0.8 0.8 

8 ?3 3~ 4R 67 

5 13. 5 19 .4 32.5 68.5 

-------------------------------------------------------~-------------------------------------
~abl. V. Rat. of aortal1t,. in lletero •• ot1c aedll1. over 4an,. period •• CENTRAL  
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(Irl.hnaaoorthl,l983b), oolnh.bltant. with!. sr ... l,l 

ln tb. Ad1&!' •• tuarr. SUlaarll1nc, lt will be ••• n 

('fabl. V) that M. lranlrt .uttered a rate of aortallt1 

.. blp .. e&.s.( 0011 in th. lov .. t .aUnlt1 ot ella and 

tIl.t atter an .xpo.ur •• xtendinc ov.r • perlod of is bra 

(t 4.,..). Wh.reas~. nrl.bUY r.,latered an alao.t 

.lailar aortallty r.t. (6~) in a lov.r .alinlty (at ) 

at th •• 04 ot 96 br., th. other. Dlllety £. 1n"9'. oould 

Dot tol.rate a •• 11n1ty ot .Y.D l~o , th. rat. of aortallt1 

r.aohinl .. blp a pero.nt., ... 6_ n.n lD a .al1Dltr 

ot 1_., at tbe .nd ot ~ br.. 'fhla (16_. ) .... to be 

th. love.t aal1D1ty llalt ot th. other three po11ch .. te., 

G •• brachiata, O •• r.ita aDd L. ae4uaa. 'lb. l .. t - - -
n.e4 tbr ••• peol ••• bo¥84 oonsid.rabl. rat •• of aortalltr 

.nn 1n a .. lini tr of 1.-. . AlthoUib the rate. ot .or­

tal1ty of £. 1D1.ota vere not .. btah .. tho •• ot ! .• bran­

obiata, ~ •• ,.1ta aDd~. e4uaa in thll sallnity (ld. ), 

tb. r.t •• are .11D1tlo&ot11 hlen and, perhap., vou14 b. 

00Dl14 .... b1. it th •• xperlaent bad oont1Dlle4 beyond a 

perl04 ot ~ hr. line ••• t.ad, inO£ .... in ortallty tl'Oll 

24 to is bra 11 ."D. In a a.41u. nth 2~o , there wr. 

DO d.ath. tor D. yar1.bUl.. In tb. ab •• ne. ot .tailar -
lnn.t1raUon vtth an .xpert.entat lIedia ot aaC. , lt 11 

difficult to .'1' vbeth l' D. Yar1abU1.8 OOllp ..... w11 10 

1t •• alln1ty tolerano. vith ~. ~raY.llt Vhloh tol.rated 
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fa1rl1 well thia .. Unity. However. in nature. lt 

ooour. .mo.t in equal pr~port1onl 111 rellollS where 

!. ,r.yel,l oocur •• (Krl.bn .. oortbl.1963d). C Onl 1-

4 ... 1111 thll. lt could, pl"Obabl1. be •• 14 that~. Y&I'lab11l1 

.b.,.. one fe.ture ln comaon vith!. «ravelll 1 •••• 

tolerance ot blgher salln1t1es. but not as low •• alinlty 

U 5$. . the love.t tolerance tlllU of )1. fraIllYl. In 

the l1Cht of the.e flodine •• the vi4. 41.trlbutloD ot 

!. Cf'anlIl to re,iona rangilll oyer at" lde aalln1Ue. u 

trexa .0 to 2 o. beoOlle. 1nhW,1bla. In the bub ot 

toleranoe ot redueed s.l1nit1es, topp1ac & fuller (1942) 

traced the dlltr1bution of !. dptnl in the River lfaragu&Ju 

e.tu&rJ. Out ot 18 .peele. ot Pol1ehute. , Pearse (l~) 

tound only Laonlee v1rid1. and le£811 Yirepi oapable ot 

,,1\b.tand1111 one fourth .8& vater for perlod. of t'IO to 

thrM ".eka. but d1ed ill vealtttr 1n solutions. IMurece 

of reduced salinit1e. alone would be of tittle advantag •• 

unless aocoapanied by equa~ly developed abllitle. for yoluae 

oontrol, a1 noe polychaete! lU'e knOVll to inenue ln yoluae 

Wben transferred tn h1Posm~tlc m~1& (Beadto,1951, '37; 

Eltl.,l933. '37. '39; Jurgena,l935J S.,le.,1955, J~rleo.en 

cl Dale., 1957; Xrtsbn8l!loorthi.1962, '63b). 10 orod ... to 

under.tand tbe regulatory ability of 11. graye'Ji over 

yolume when subjected to .tresses of hYPOIMotic .edia, 

ttl following series of experiment. vera plannad ani! 

perfo1'lled • 

!Z 
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mflPDR IVI VOLUME R&QOL~TION. 

COl T I J T 8. 

!.Y!. 
1. I n t rod u c t ion. • •• 1.:' 

2. Material &arMethed •• 9 
••• 

_ . 
., 

3.1 Is!per1aenta on vol.e regulation in a 
bJpo •• otic .edlum ot 8~11nit1 ~Q • ••• -z" 

3.2 Ixpertaenta on volume regulation 1n a 
hypo •• otic .ediua ot .. Un1 ty ., • ••• .2~ 

3.3 Ixpertaent. on volu.. regulation 1n a 
n,polSot1c MdiWll or aal1n1ty 13~ • ••• .2 -, 

•• a •• ark •• 
, 

• •• 
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cwm II. TOL" UGtlLATIO!. 

1. Intl'04uoUOtli It vu ... n in the pruioua 

•• otloa that Marphlla craT'lTl South.rn tol.rated 

loared aalW tle. oy.r a v14.r ran,. -., to _ , 

than any other polychaete .tudled trOll the ... re,lon 

Th., Gllcera _branoh1atat Onuph1 • .,. .. 1ta, Lolal. IIHuea, 

ClrIeP' Spt.ot. (lrl.~oorth1.1962) and Dlop.tra XItl­
&blll. (Krllbnaaoorth1,l963b). Tb. In.qual dl1trlbut1oll 

ot tbl. VOl'll in A4yal' estuary • ., be explained as du. to 

lts abiUty to tolerate low saUnity a. lndlcated by 

.0rtaU t1 rate •• 

the tol.ranc. or d1lut. lIIedb alOIl! would b. In­

luttlo1.nt unl •••• atobed vlth .qual abllltl'l tor 

r.culatlon ot Tolua.. It 1. ooaaOIl knovll4,. that 

wb.1l polTobaet •• are tranaf.rred to dUut •• 141. th.y 

inoreas. 1n "olua.. It has b •• n dtlllonatrated that the 

rat. or incr.asCl 1n To1111118 i s pronounced in .tenoha11ft! 

to... than in e1U7bal1ne to .... 1 and that in e1U7baUn • 

• peole • .v.1l1nr ls f~llowed bT Tolua. r'rul.tlon. I .... n 

-0111 tb. _.b.r. or th. .... ,.IlUI, "'l'TinI o.paoi ti •• 

tor YOlu.. r'rulation haT. be.n r.ported. Tbua K.r.1. 

41""1'I10010r .bowed bett.r abl1ltl •• ar.r Tolua. control 

tban .1th.r K.r.l. ptlfCiqa (Sohli.p.r,l999a A b) or 

R,H" qpltrtt.!'I (Beadl.,19.1l, '37). !h. TolUM recula­

tion vas 1 ... d ..... loped in l.r.1I y1 UN (. I. 'atbeaDi) 
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than in 1. 41uralcglgE (8arl ... 11S5) and that!. !1rtM. 

oould be placed Inter.edlat. betw •• n!. pel&lica and 

!. di •• r.iaolor in th.1r oapao1ti •• tor Tolu.. r'cula­

tioll hu been .bown (.r,rcena.n a l)al ••• 1957). A 

.UC, •• tion that th. ditterenoe. in YOlua. r.sulat1on 

.ar alao b. a consequ.nce ot the g.ograpblcal location 

ot the an1aal and could b. racial 1n charact.r va. 

orr.red by 11111 (1935) vben he round that the .... 

• p.ei.. ot !. diver. leo lor coll.cted tro. Ro.corr 

vat.r. .bovtd a volus. r'(Qlat1on 41tt.rent tro. tho •• 

that ver. coU.cted trOll BlJlIor. altboUCh It hu nov 

b •• n di.pro.ed by ith (1955c). R ••• rtb.l •••• tb. 

tact that volu.. reculation could constltut. a di.tlnct 

•• abani ••• nablinc bracki.b vater tOral withstand obanc ••• 

howeY.r bi, or .aderat., in th. saUni t,. ot th •• ediua. 
a 

1a t.ne.eapbl.. In the l1Cbt ot tbe abon ob •• rYation •• 

a .tudy ot the capaclti.s tor Tol,.. Nplation In 

.!!. IraTe111 appeared the n.xt .o.t obTlou. cour ••• 

2. M"trltl ,,,,, M.tbodsl Volu.. chanc •• vel" 

tollowed by the U.plac.ent .. tho4 ot ve1plnc aquatio 

an1aal. ualnc .peelt1c cravlt7 bottle. u de.orlbed by 

Lovade. (l9t2). tbe •• thad 11 .. tollOWl1 'fbe vol.e 

ot the .peoltic cravitT bottle 11 tir.t deter.ined bT 
0'1-

t1llinc 1t vlth a clYen •• ple ot sea vater dllutions 
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ot •• a vater and th. oont.nt. helnc poured lnto 

.xo." ot 811 •• 1' 11trate .olutlon, fro. whlch a 

def1nlte quantlt)" of .11.er hallde is obtained. 

fh1l rill Cb. th. welcht ot th. 111nr halld. pre­

.. nt in the quantit, ot ... vat.1' oontained In th • 

• peoitio Il'a.lt)" bottl.. It nov the .peoltio sraYit)" 

bottle 11 tl11ed vith the ....... pie of ... water 

toc.th.r vl th the WOI'll and the vater contained In 

the bottle 1. oar.tul11 poured out I nto .ro ••• ot 

S11 •• r Nltrat •• olutlon ot the .... conoentratlon AI 

l1.ed pr"loua11, a naUer velcht of .1b., hal14. vill 

b. obtained, .ino. the WON vould han oocupled .000e 

.paoe within tb. bottle . Ther.tor., tb ... ount ot 

111nr baldt! •• 0 obtained would taitbtull, reoord &Q1 

ob&QI. In the .01 •• ot the an1aal. '1'011 the.e two 

veicht. ot .11 •• 1' halld. tbu. obtained, tbe oalculatiOli 

ot YOlu.. 1. a .1apl. prooedur. adopttnc the tormula. 

co •• mine ~ two (Lovnd •• ,1942). An ordlnarr .peo1flo 

,rant)" botU. ot 25 al VAl tound quite .ultabl.. All 

preoautionl In th. eoU.otion ot th •• il • ., balide 

b, tiltration ".1'. tak.n and ,.nerall, dl'1ing In a 
'"" . tlot-air oYe!J' at aoo C o.uDllht "at tound adequate. 

Vhataan 'ilter Paper !fo.a onl, VAl used and the weicht 

ot the tilt.r paper "a. al.o taken into eODl14.ration 

to arri •• at the ab.otute ".icht ot the .ilver halide 

!fi 
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10 collected. the error due to .thellon ot vat.r to 

tile anlad vu ,U.IIinate4 b7 rinlinl the anlad wlth 

boton1c lolution eve" t1.ll. the an1aal vu introclucII4 

into or ruoTed trOll tile ~ottl.. '!'h. !lotonio lolu­

tlon Val prepared aocordiDl to the reclpe ,1.en b7 

Lovn4el (190). fhe uthod vu tound quite lultable, 

11nce the anlaal oou14 be ea.lty introduced into the 

n&l'l'ov neok ot the lpecitl0 rrllntr bottle, without 

d1sturblD1 nch the anlaal vbile tranlturlne it troa 

the expert.ental aedlua Into the lpecifl0 ,raYltr bottle. 

3.1. =::Cl!!ii!tor.:Stt.M hrl 111 , 
.... 

l'P'r~.ntal Prgctdur., fbI Inltlal Toluae or 

10 VOI'III ot aore or le.1 equal Ii .. , I.lected trOll a 

o on pool, Val 4eteI'll1ne4. Anotber batch or 50 VOI'llI 

llallar 1 ~ 11.e to tnat at the tOI'll.r batch, al.o .el.cted 

trOll tn. oa.mon pool, vas tranlr.rred Into l500 ml ot 

hTPOnotic aedlua C.a11nlty sf", ), contained In cl.an, 

a l 1t.r, ,lasl beak.r. (Pyrex) pr •• loualr marked 1 to 10. 

Undue .arlatlon 10 t .. perature vu prlY.nted br kllP1nl 

b.aker. In lara. troucha ot vater. fbe .xperlaent. 

ver. oonducted at 27.5 ~ 0.5"C. The dUute ae41& 

vu prepand u Ulul trea I .. vllter at .aUnitT ranclll1 

tl'Oll 3aC. to~. . It va. t1ltered. At tbe end ot 

e.err hour a VOl'll tl'Oll .aob ot the beaker., Val •• lected 

aDd 1 t. .ola. deteralne4. The experlaent vu continued 
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, 

• 

. , . 
• 

• 

OT.r a p.rlod ot 24 hr.. and .1no. pr.l181nar, .x­
p.rla.nt. had .hovn that th.r. v.. DO appr.olabl. 

chanc. ln Tolu.. be,ond tnl. p.rlod, furth.r ob •• r­

Tatlona v.r. dl.oonttnued and th •• xp.rt.ent tera1nated. 

BelultJl Th. Tol • tn all the VOl'll' reached 

the .uiJIua pero.ntlll. increa.. (40.4"-') at th. .nd 

ot lit hour ('abl. VI, '1,.2). Ther.att.r th.r. 

va. a .t.ad, tall r.acblnl the lo~.t Toluae Tls., 

4.29iC at the .nd ot the 4th hour. Be70nd the 4th 

hour, lnteraittant incr .... and d.er .... in the yolua. 

ver. I1Ot1084. But the increa.e va. De".r u hleb u 

that ob •• rTe4 durin, elther the 1st or the 2nd or the 

31'4 hours vb.n the percentage incr.as •• vera 40.4~, 

3l.~ and 12.an r.sp.ctlTely. Th. initial inoreu. 

ln Tol • ls p.rhaps, due t~ absorption or vater tra. 

the edlua asa1nat an oSlllotie ,radlant and the IUbs.­

qu.nt tall a con •• qu.nc. ot loss ot salt. u r.ported 

1n & nuab.r ot pol,chaete. TiS., _. d1T.r.lcol r, 

_. p.l1110', !. yireD', P,rlD1P1i' qplt"t ••• 

(8obl1.p.r,1929a a b, Beadl.,1931, '37, 8,,1 •• ,1935, 

J6r,.l1Ien a D&l •• , 1957) , In!. I11plqola ("e,th •• 11&btl) 

(SlIlth,l9H, '59), in Onuph1l ,,...Ua, Lo1lllia -14uII and 

CIY!l!lle lo"Ot, (ltr1sbnaoorth1,1 2) and in DloRltra 

Tar1ablU. (Jtr1.bn_oorthi,l963b). The o.ei1lationa 

1n the Tolus. atter the 4th hour, are, perhap., 1n4lTldual 

• 
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• 

-. 
Fi,.2. Indicatine cbance. in .oluae atter e.ery bour of expo.are to • 

bypos.otic aediua or «'0 oyer a period of 24 br.. ? .. p.a 
29.5 : O.Soc. Sacb poiDt i. the .ean of ~O e.tlaations. 
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TABLa VI • ... -------------------------------------------------------------------------------------
Till Final yolUlie in co arter hourly periods> Increase in 

e in beakers. Vol1111e 1a _________________________________________ ._. ___________________________ . _____ _ 
Hours. 1 2 3 4 5 6 7 8 9 10 Mean s.d. •••• .t.ctual • ----------------------------------------------------------------------------------------

Inittal. 1.6 1.8 1.5 1.7 1.6 1.6 1.8 1.5 1.6 1.6 1.453 0.336 :to. 120 - -
1 2.3 2.4 2.1 2.3 2.3 2.4 2.2 2.3 2.3 2.3 2.29 0.260 

... 
-0.090 0.66 40.49 

2 2.2 2.0 2.1 2.2 2.2 2.2 2.1 2.1 2.2 2.2 2.15 0.022 !0.007 0.52 31.90 

3 1.8 1.9 1.8 1.8 1.7 1.8 1.8 1.8 1.9 2.0 1.83 0.080 !O.030 0.20 12.27 

4 1.7 1.7 1.6 1.7 1.8 1.7 1.7 1.7 1.8 1.6 1.70 0.020 !0.OO7 0.07 4.29 

5 1.8 1.6 1.8 1.8 1.7 1.7 1.7 1.7 1.8 1.8 1.74 0.070 to.02O 0.11 6.74 

6 1.7 1.6 1.5 1.9 1.7 1.7 1.7 1.8 1.8 1.7 1.71 0.340 j'().1l0 0.08 4.91 

7 1.6 1.6 1.5 1.6 1.4 1.4 1.6 1.6 1.8 1.6 1.67 0.450 !0.1..5O 0.04 2.45 

8 1.9 1.9 1.8 1.9 2.0 1.8 1.9 1.9 1.8 1.8 1.77 0.400 !0.130 0.14 8.59 

23 1.8 1.7 1.6 1.7 1.6 1.8 1.8 1.7 1.6 1.8 1.71 0.090 + -0.030 0.08 4.91 

24 1.7 1.7 1.6 1.5 1.7 1.7 1.8 1.7 1.7 1.7 1.68 0.080 .to. 030 0.05 3.07 

----------------------------------------------------------------------------------------
Table. VI. VolUlle chanc.s after every hour or exposure over a period or 24 hrs to a 

hypo •• otie •• UUII or •• Unity t$, • 'f .. p.t 29.5 ! O.S"C • 
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• 

ettort. ot tbe vora to keep down tne incre... in 

--volua.. ~l'O it i •••• n that th. tinal voluae 

attained at tbe .Dd ot the 4th boUl' aDd aalntalned 

till the 24th bour, i. alv.." bigher than the 

original volume. m. tinal volume ranged betveen 

a.46< to 8.59;(. 

3.2. Voluse Re ulation over a 91'104 ot 24 bra In 
osmotic medlU11 ot s tre th 

An experim.nt .imilar in approaob aDd plan, va. 

pertol'lled, but witb a hypolmotle .alln. ot Itrength ., • 

aIBult!1 It may be •• en tbat 1n thi •• allnity 

als~ as 1:1 the pr evioua hypoamotlc lIIediUII, all th. 

VI)I'IIII s"elled to tbe IIU1JIum ot 36.13~ at th •• Dd ot 

the 1st hour sad subsequently decreased in • volua. 

till the end ot the 4th h1ur, the paro.ntaa. Incr.as. 

tn volUlia noted at the aDd ~t the 4th hoUl' beil1l 2._ 
(TaU. VII, 1I'ig.3). It 8tead1ly increased to 9.03_ 

till the end ot th. 7th bl)ur, :)'1ly to hll to a.58.C 
at the end ot the a4th hour. In other vords, th. tlnal 

vol_e reached at the eM of th. 4th hour upto tbe 24th 

hour, u.t be due to 8111ilar fIlctors as that pr.scribed 

tor the behaviour ot the W?I'mS in the previous experlll.nt. 

Hovever, one observation is i rre3S1atable, i.e., the 

tinal voluse attained at the end or the 4th boUl' aM 
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Fl,.3. 

~ 

Indieatine cbang.. in yoluae atter every bour ot exposure to a 
bypo •• otico.ediua ot ~~ oYer a perlod ot 24 brs. Tesp.1 
~9.5 Z 0.5 C. &aeb point is tne .ean ot 10 •• t1aationa. 
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'f A B L EVIl. 

-----------------------------------------------------------------------------------------
'fi •• 

1n 
Hour •• 

Pinal Volume 1n cc after bour17 per10ds 
in beakers 

Increase 1n 
Vo l wu 

-------------------------------------------------------------------------------
1 2 3 4 5 G 7 8 g 10 Mean s.d. 8.e Actual ~ 

-----------------------------------------------------------------------------------------
Initial. 1.5 1.6 1 . 7 1.5 1.5 1.5 1.6 1.6 1.5 1.5 

1 

2 

3 

4 

5 

6 

1 

8 

23 

24 

2.1 ~ .2 2.0 2.1 ~ .l 2 . 0 2.2 2 .1 2 .1 2 . 2 

1.8 1.9 1.7 1.8 1.8 1.8 1.7 1.9 1.8 1.7 

1.1 1.1 1.5 1.6 1.6 1.6 1.7 1.7 1.7 1.6 

1.6 1.6 1.7 1.1 1.5 1.5 1.6 1.6 1.5 1.6 

1.6 1.5 1.6 1.1 1.6 1.7 1.1 1.5 1.6 1 .1 

1.7 1.1 1.7 1.6 1.6 1.7 1.7 1.7 1.6 1.7 

1.8 1.6 1.8 1.7 1.6 1.7 1.6 1.8 1.7 1.6 

1.6 1.6 1.5 1.6 1.6 1.6 1.5 1.5 1.8 1.7 

1.6 1.6 1.5 1.5 1.6 1.6 1 .7 1.7 1.8 1.6 

1.6 1.5 1.6 1.6 1.S 1 .5 1.7 1.6 1.7 1.6 

1.65 0.020 ~0.016 

• 2.11 0.230 -0.011 0.56 
+ 1.79 0.230 -0.017 0.24 

1.64 0.220 :0.015 0.09 

1.59 0.230 !o.017 0.04 

1.62 0.250 !0.017 0.07 

1.67 O.lSO !0.007 0.12 

1.69 0.270 !0.085 0.14 

1.60 0 . 094 !0.030 0.05 

1.61 0.090 !0.028 0.06 

1.59 0 .076 !0.024 0.04 

36.1.3 

15.81 

6.81 

2.58 

4.52 

7.81 

9.03 

3.23 

3.81 

2.58 

----------------------------------------------------------------------------------------
Table. VII. Voluae ehanges atter every hour ot exposure over a per10d ot 24 brs to 

hypo.mot1c medium ot sa11nity BCD. Temp.: 29.5 ! O.S<C. 
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.aintained at that volume till the end of the 24th 

hour 1s not only higher than the original yoluae, 

1i1lUar to the behaviour of the W01'llS in the previoua 

.al1n~t but 1I0re or less of the sase Magnitude .s 

that attained 1n the previous hyposMotic Mediua. 

Another e¥pari.ent identioal in prooedure to the 

previous exper1aents, vu perfol'lled vi th but one de­

parture. The experimental aedium had a slightly 

higher ooncentration, vlz., l3$, . 

Re.utt.1 In t 1s med1um also the response. of the 

VOl'll vere n')t d151lll11ar fr'lm those observed in the tvo 

previous Media (Table VIII, Fig .4). They attained the 

mu1Jau1l vot • of 9S.W at the end ot he 1st hourI and 

as 1n th- prevt~' tu~ ~a l nlt1~8 , t.h~ volume subsequently 

eorea8')(l reaahin~ ttl 1II1n1mulII of 1 .19~ at t he end of 

the 4th hour . Ttl aftar , till the end cI the 24th 

hour, th volume fluctuated betveen l.l~ t o 6.5~, the 

latter percentage increase registered at the end of the 

6th hour. The s e factors are, perhaps , applicable to 

explain the responses of the V01'llS ~baerved tn the present 

experi.ent t~. However, while the final volume fluctua­

ted in the present lIedium bet'lfeen 1.1Q( and 5.3~, alllilar 

ran,e. vere higher in the tva previous sedia. 
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, 
• 

4. '=!fPI In all tal •• xp ... 1aenta tta. Mb&Ylov 
. 

ot "IPJIbV' dmJ,xi va . oDll.tlAtl1 .1a11.... It 
• • 

attatM4 tb. aaxtaa YOl .. at the .. ot tal. 1-' boar 

_ nb •• quntl1 4Hr.ae4 to the love.t Yala ob •• " .. 

at tta. end ot tb. 4tal bOUt Tber.atter, it vu 

obaraoterl.e4 b1 1nter1a1"ant rl... and faU. till \b. 

.n4 of the .xpu1Mnt 1 ••• , 84 br.. !. ,r ... 111, \bu, 

..... b1.. I ... " 41"r.19019' and • .,,1. ,.1.,19' 

(8obUe"I',19lta a b), !. 41yerl1oolo. _ P'I'WN" 

,,",iftl'! (1.1I41.,lISl, '37), I ... i. TWU (S.,l •• , 1.8) , 

Dal .. ,ltS7) and .... " U'Qfggl' (8IIltal,lHI) 1n lta 

I' .. pou. to bfpo_oUo ae41a. Bovn.I',!Y!ft 1n ti • 

• 1a11ar1t1 of pattel'll, \b.I" 1. '" • UttVeD!! app .... nt. 

I. 

0' 

!b. aapi tud. of lDOI'.a. in th. yol.. at \be .n4 of t 

tIM 1at bov a well a the tlnal yol .. attatne4 1114 

aa1ll'atM4 troa tta. 4th to SMttl bou we" 41tt.Nn' 1D 
• 

4Ut.NIlt bJpo_oUo ..,la. Wblle tta. un.. lAo..... 1 

ln YOl .. 1n bfpolllOUe ae41& ot at.mltb" ... 40.4-', 

the N',..U.y. 1nONa .. 1D yol .. 1D..,1& ot .al1DUle • 

.-0 _ J.d., we" 3'.~ _ IIS._. l1a1lul1. the ftnal. 

yo1uat. Naoh .. l n ... v.tel' 411u'" to ha ... 00DGe-

tl'.Uon of ••• &Co and J.d., we" 4._. I._ &nil 

1.1-' ".peoU"l1. In oth.r vol'4" bottl tIM lDiUal 

illOrta. in yol •• u4 ttl. tinal To1 ... U.fn " la, 

\ 
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• 

• 

p.rbap., a tuDatlon ot the dl1ution ot the .xper1-

.. ntal _la. OM ... w, th. r •• pona •• 'It!. Ir''''lrl 

t'l the .t ...... ot b1PO.aot10 .-41., are, \baa, not tar 

41tt.HIlt tro. tn'l" ob •• "ecl In!. 41"nl'91gr , 1. drp', 

!. "",to., P,.tpe"ta 1P1trlt,r. and I. ltcbtt 

(lobU.pe£,19l9& ~ b, B .. 41.,1931, 837, S.,b.,l.a, 

Jor".na.n ~ Dtl •• ,l9157, Salth,1959). lilt th. aapl­

t1l4. ot obanc. in yol .. un4er 14entloal .v ••••• ot Ul 

ftnoaaotlo 01' bfp.ro .. otio aecl1t, v .. aor. in 1. TirM' 

than 1D I. 4lyerd oplQ' (SohU.per,l •• ~ b). t. gpltrl­

'er ... 1114 oona14.r.bl1 oo.pare4 vith I. 4iJtra1Ulg' 

(B.e41.,ltloU), vh11. !. Tu.na rankl4 "Ween!. "lyloa 

an4 1. 41nrl190lor (J;r,lna.n ~ Dal •• ,lM1). !be 

.~.n' ot TolUM cben •• 1n!!.. Ir."el11, ther.tore, vou14 

be I1p1tloant only vb.n ooapare4 vith .1II11ar par .. ' ... 

obtalne4 tl'Oll the ... poaa •• or oth.r P'll1cthu". ,,11., 

! .• brachiat., .2 .... 1t., ~. al4aa aDd ~. w.ota 

(Erhhn_o'lrthl,1gea) and ~. Tyl.biUt (Kr1abn.oorthl, 

1913b) th.t ooeu.t vi th!. .£tuld in the .wyar •• m..,. 
It h .. atr.ldy been .how that vol .. oontrol in ,. 'P .. ". 

v .. bett.r 4 ... 1ope4 tha in .1th •• 1. Mbpe=blata 01' 

11. p'p" OJ' ,2. ,,.U., I1DO. the up1tud •• ot laor .... 

In Tol .. aDd the t1na1 Tol •• attained It the .nd or th • 

• xperlaeDt vert the lov •• t OO!lP.re4 vith tho •• ot 1&. at4y. 

and ,2. ,,_U. (Krh~oorthl,lget). Betwen ,. tP"gs. 

11 
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aDd!. Tlliabl1t',th. latt.r .xhibited bett •• oapac1ti.1 

tor TOl,.. reCQlatlon (XrllhnPloortbl,lsesb). Catpar1nc 

tbe inore ... in TOl •• ot !. !maUU. vlth that of 

!. ""'lll ln bTPO..otl0 media ot la11nltl.I .. , an! tile , 

lt voul.4 be leen that, vb.r ... th. p.roent ... lnu .... 

In TolUM at tbe .ad ot th. lit b~ur in th ••• peOUT. 

41llltiona wre ~ an! 3e,( tor !. TViaUli., datI" 

tlpr.1 tor !! •• p .... Ir1 we,. on11 3e,( ID4 taC. .u.o 

tbe tiDal TolUM. attaino4 v.,. lowl' In!!. c"J1lr1 

than' In!. !vilblU.. In !I. ermIrl, thereto,., the 

•• eban1_ ot Tol.. reCQl.Uon 11 tar Illpe,10, to that 

obt&1no4 in othe, tONI. Ob •• "llll le ... , 4.,,.. or 
1".111"1 1ft!. l!'pitgl. obt.ined fro. Like M.reed tban 

In thol. tl'Oll the .''''trJ "albr C, .. k, Satth (1;st' 

IIlII •• to4 better Tol.. oontrol In the to,... poP'llatlOD. 

!be lDere ... ln TOl .. 1ft!!. 1£!!.171 11, probtb17, 

4u. to .'lo,pt10n of vat., ... lnat an o-.ot10 Iradiant, 

in .. " ... nt vlth th. obl.",t1ona of .arU., VO"hl'l 

in the t1.14 ot )lb7tlolol1 of l.re14a. Bat th. 41tt.,.. 

I! 

.n ••• In th. a.,nltud. ot lnere ... oou14 onl1 b. a ,..tl.otlaa 

ot th. extent ot pe .... bl11t,. "0111 the pol,oba.'" 

ltudie4 (11'11u.ooJ'tbi,l919, '.'), I ... mW lhoYt 

tbe lovelt ,ate ot lDeI' .... 1ft TOt_ an4, -.,.to,.., 
• the ute ot pe ... abl11ty 1ft tb1l vo .. 11, pe,bapl, the 

, 

1~lt. 1~'I.na.n A Dale. (1951) to11ovlaa tba Tolaae 

. - " 

• 
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• 

, 

oh., •• in three .,a01 •• ot 1.1'114. Yis., !. dr •• , 

I. M1M'" an4 I. 41Jml'glg', 'ne, .. teIl an! lat.r 

Pl'On4 w1 th .xpe.lMau ll1YOlY1q us. ot • .tl0 aotlY. 

1.otope, claf th .. \be low. nl.. ot 1M..... ill YO lUM 

la I. 4&VEI'eg1Qr eou14 on17 be due to it beinl 1 ... 

p .... able the ',,'"nit pitrit.Et. Ia th. 11tht ot 

1' .... , eri4.M •• l.t ill (IIIith,l..,> that quloJ1ter rate 

ot 10 •• ot .alt •• ., alIo be .tYetac.OUI, a recl\lOUOQ 

la peraeabllitr ooupl84 w1th tile aboy. taotor ~., 001l­

.1clerablr inc.e ... tb. ohmo •• ot •• tabll. __ t ot a 

',a01 •• tuter to a oh&llllnc emiPo •• at. Altboqb 

.tailu .tu41 •• in!. nmlll lIll.t &Val t future 1nn.­
U,ation, tM ob •• J'Vecl rate ot laoHu. in Y01 .. belq 

ooaparatlY.l, lover, otters tt •• tt e .xplanatlO1l tIlat 

la!. ,raYI171 tb. r at. ot p.ra.ab111tr 1. the love.t. 

Pacto.. lib tol.rano. ot aalW tr OftI' a vl4.r 

rance, I •• at.r oapa01tl •• tor yolu.e Hculatloa aad 

r84ueUoa 10 tbe p.J'II8ab1l1tr, adIIlJ'abl. aa4 •• e1qh.l 

u tbe, are, tor a .ue •••• ful p •• UaUoa lato aad ... 

tabU.baeat ot a po17ohaet. nob u !. ll'aY.ll1 ln 

bl'aoki.b Yater., tall to aDlYer th. qQe.tlon ot a&1l1-
• 

t9Q&Q ... ot a ooutant internal ooDOellUat1oa, a taotor 

• quall7 p"titabl. and ..... arr to ... t tbe buub ~ 

a obanltnc .miPollllat. It lt 11 .. .-.4 that the 

hUlal lur .... 1n YOl .. In!. ,,,nW 11 d .. to 

• • 

• I 

• 
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. " .' , 
• 

&'.o.,t10n of va". ac&tnat an o..otl0 Irldlant and 

the '''' .. qunt 4eor.... & ctOu.quno. or 10.. of nU., 

• uGh an ... uaptloD pre.up,~... protound ObIDI" ~ the 

'04, tiuid., &nI' ".'Ilan. ot vbla voul4 b. 411 .. uoUl. 

It appeared, br.toN, that the Dlxt .tac. 1n tbe 

OOUl'al of tb. ,r ••• nt 1nv •• tlaatlonl, .boG14 be 4lreot14 

to \be .ta4J of bod, fluid. lid 1 t. oODl.qu.ntial 

ohane" u Ntl80W by the 4epre .. 10D1 in tU tnel1q 

potat. w ••• Ve •••• of bet'l'OlIIIOtiO MClla. 

,.~ 
• • , . 

I 
• 

'1'" I ... ~ 
~ <, A. 

, 

34 

• 

.. 

• 
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S.I Bxp.r1Ilenta . Qft body fluid Gone.atratlon 
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'. 

1. Iptn4U t1gpl -oac t be 1tw ... t.b.at. ph1l., 

DO oth.r croup .1l0Vl peak ot olllOtio ln4.pend.no. In 

all tIM to .... kDCMl to .00.Il", bett.r tbm the 

Cru.tao.... B.I", one ea. ••• oro •• tbe contO"'''I, 

the bloo4 belna 1.0 .. oUe vl tb the a.U. oy.r tbe 

.nU" I.Unltr 1' ..... tol.rated. ?h ........ the 

... platorl, .oa. beina bJp.ro .. otie ill the lower 

dilutions lnIt beeaaina lao .. otio 1n 80... oona.ntl"W 

.olutio.. t.t oth.r. be1Al bypel'onotie ill 411ut. 

and bJpo .. otl0 ill hllb.r eonoent •• tiona C ••• Lookw004, 

lin, tor an .xbaIU,". tr ..... t). Althoup pol,­

cbaet.. h.n IIOt aohl .. ed m oaotic ln4.pen4.ftO. 

eoap .... ble vltb tb.t ot th. Cl'WItao.ana, ret th'" 
.... the conto ... r. r,pl'el.nted bJ Ar!g1qol. a.,l,p', 

I",i. p,llllO' and P,rtp'"" quI"it,r. vb1eb lhow 

nl'J tun •• ".Uin, and adjuat tb.ll' o_oeone.ntr.­

tion to autt th. atr'nath of th. aedlu 1n vbleb tb., 

11" batbed (8obU.p.r,lftta 6 b). Fo .... llb I .... ta 

clh.ral201ClI', bowwll', r.plate their bod, nu14 

ooae.ntration suGh ~.t 1t 10 bJ'pIro_oUe 1ft 411ut. 

aedl&.nd laonotl0 in blebor oofto.ntra\loaa 

CSebU.pel',lfth 6 b, hlldle,l9S71 "1~,19Sl5o). 

Furth.r, 1ft!. 41Y.rl1colol', & "'1'11&tor, the •• obal .. 

tor yol,.. control 11 b.tter 4 ... bpe4 tllm .1tber til 

• 
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1, ... 11 "lylu 01' 1 .... 1. T1N1a1 01' "I'WHlI cnaUl'it .... 

(8obU,ptl',191h a ., Seldl.,ll1U, '31, S.,1 •• ,l.5, 

JaSl'l.DI.n a Da1 •• , 1951) • It vu ... Il 1ft tbe two pl' .... lou 
t 

.HtioDl, tbat IIvRhua IraT.lr1 8011 tb.1'!l noy onl)' uhl-

UW to1 ... ao. of lover nlWti •• OT.I' a ,,14.1' l'aIlI' 

but lt1 cap_Utel tor TOl •• r.plation ftN tv 

.up.ll101' to M7 otber pol)'chute .tu41ecl (ltr1atm.ool'tbl, 

111', 'In). Thea. tutur •• 0 t HarMa II'Anlrt 

pr~ptecl tbe tollowtnc lftT •• tl,atloDi to und.r.tand It. 

abllltl.. tor oa.oooftOlntl'atlon un4.1' .tl'..... ot bfpo.­

aotl0 "la. 
, 

8. lI",riel a II'Nag411 'fhe a.tbod toll0w4 vu 

but 0&1l)' da11... to tht ooapvaUn a.U1D1 polnt .. t.b04 

ot lone. (lNl) u ao41tlecl br .... _a a 1111.1' (1951). 

In prinolpl. It rlqmll'" oospvlson ot •• lt1nl t18. ot 

kDOVIl ooftOe!ltr&tiolli ot laCl .01utioDi vltb tbo •• ot 

QDlrnOW .olutloDa nob u bod,. ttuW. ot an18&1.. In 

tbe P"' •• ftt a.tbod r.tloea.nt. 11k. tbe UI. ot pol&1'o14. 

&D4 a binooul&1' alol'o,oope to ob ....... , vl ~ u IUII"W 

by Gro'l (10M and perlon&1 oo.unlcation}, tulU t&tecl 

,sa1n. tb. 41Iap,....a_ ot tbe lut '..,.It&1. A 1.J'1 •• 

ot 0&p1ll...,. tube. ot Ill.. Uluall)' I'UClft1 tl'Cl8 I to a 
_ 1ft 1.qtb, and vltb a Wlltol'll boN of 0.1 ., ftl'l 

IIl.oW, tbol'oucb11 ol.aned vltb ! .. pol (B.D.B.), vuhe4 

11'1 411t111ecl vater and dl'1e4 in a b~t-a1r onn OTel'ni,bt 
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• at 100 C. tnb ,,""eel,," beIl4.. fr •• l111 th. wbe. 

ot .., eont.iDatlon, belpecl in rap14 1Iltl'OdueUoll , 

of e1 ther the IICl •• ple. 01' Md,. tlu14. yitb the ald 

of oapl11&1'1 aetlon alODe. Mor. of teD th. latter 

falleel, peJ'bap., 4ue to .OM eont.lllation 1ft the boN. 

Sub wbe. QN 411eU'tecl and lWV.r uaeel Ull a fne flov 

yu .naUHd by ,.peat.d YUb1q.. tI.t:l lolutlona ot 

mown eOrlnntraUona r&DI1nc trOll o.~ to 1.~ at .D •. ~ 

1IlterYal. ID4 tl'Oll ~ to _ at O.sC lIlt.rYall Qr •• uw­

tu 111 pr.pareel _ dna. th. ..1 ttlll t1ll. ot ttl... 001l-

•• ntratlona toral4 the bull tor ooaparl.on v1th tb. 

uftlrMWll, parUn1ar attention vu palll 1Il th.ll' p,.para­

ttoll. the •• ,,.parM I olutlona QP. lIltl'Oduoeel v1tb 

th. help of a Ilu. plpett. vlth a nile 41'IlVIl-out nol.le 

&1.0 pr.pared at th. laborato1'1 froa 11as I tublDl (","xl, 

.ueb that each tube eontained about • to 10 001.... of 

0.8 • In .he m4 eaeb ootu.n vas .ardv1ebe4 betveerl 

001-. of paratr1ll 011 rancilll 1n .la. fl'Oll 0.5 to 1 _. 

tb. eDI. of the oapltlur tube. QI' •• eal84 vlth ... 1i1l1 

II 

VUe J).pend.lDc upon the uaU.ab1l1ty of "17-1 •• (10114 C.,.>, 

e-
tber we .. Yltber tranar.ne4 to a dMptr .... tor la tel' 

.x.loa'lon or '.841ate11 utl11.o4 tor e.ttaatlon ot the 

•• UiIlI tla.. 'or 4.tera1nl111 tbe .e1tilll t1ae, tl\ef 
h 

we,. quiok t'role 1n dJ'f-1oe aM tr..,.l'I'o4 lnto a 11u • 

• 
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, 
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• 

trouab or .1 •• 10 s 4 x 4 o.aaa oonta1a1ne". a1401101 

preTloual1 ~o~l~ tn .... t.l,lrato.. !o...ure oonatanOf 
o 

ot t.perature ot ttla alcohol at a c st vblob the !:A.ltine 

t18. va. noted. th. enU •• tr JUlh vu encuej in l[DOttler 

tr&napar.nt p-, trtbeM box v1t1l 11'1-io. packGCl between 

tile ,lu. trollCh aDd tile outer box O!l all s14e. em.pt 

at the botto. and the top. A .tlrr.r ,antly rotatlne. 

kept up a conatant olroulation ot the alo~~ol al.o ., •• 4 

at the lIa1ntelWloe ot a constant t.peratur.. Addition 

ot .ultable quantities of dry-lc. eneuinJ the glul 

trouCh hell*! in brineing doVll the tftlperature of the 
• aloohol to tile required l llyel l.e. J at 2 C, vtI.enoeYor lt 

.hotJlM alena ot .!looting up. 'l'be entire proce.. ot 

•• ltinr vu ob.erYed under a binocular .1ero.cope (Lalta' 

vith a bullt-in lliuminatlon, at • oonstant aacnltloatlon 

&!l4 ,,1 th the h~ tp ot a pdr of polaro1d.. OQII pieoe or 

polaro14 vas plaCHtd In betnen the tr.,uch and tile .ouc. 

ot 111ualnatl~~ and the oth9r vu plaoed oy.r the trough 

blat belov tile ob3eoUn.. 'l'b. plane ot tile •• oeDlS 
o 

p ... l&l'014 , ainc. 10 praotl.e thla vu eul.r thaD tile 

IIdjutm.nt ot th. tll'lt p01 .. 104, vu rotat8d in r.laUon 

t!) ttle plane ot the tlrst p~larb4J _ Wltll the t"Mn 

ory.tall heiR! blretr1n«.nt. appeared with a b1'1111«Bt 

p1nk1.h glOW' 81atnst 1\ dark baokground. Witil the belp 

ot a .top-vatch, tba till' taken trOlll the 1I000ent the 

, ... '. 
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troSID ool~ ltarted .. ltlnc un'111 the dllappearanc. 

ot tIM lut 017'\&1, vas noted. Th. data 10 obtained 

tOl'lled _. bull tor tlDUn.c out the oonoentration ot 

th. U",",OW In t.I'II' ot "aCl. A procedure .1allar 

u abo" vu toll0ve4 to t1D4 the MUlq tlH ot I.pl •• 

ot tro .. n bod, fluidl and trOll It)l'. ooftOen'ratlon. 

81ft" tile .. ltll2l tla •• are OOIIparabl. on11 vhen equal 

.-oGDt. ot ... pl •• are tak.n, lt 1 ••••• ntlal that the 

oolUIID ot bod, flu14 lntroduced 11 equal in leDltb to 

tha, ot Jmovn OODOentratioQl ot laCl 1.e., 0.2 _. It 

11 also .qual11 laportet that tbI 0.,111&17 tube. are 

qulok11 trauterre4 to th. troqb trOll the tr ... lq 

.1ztun. '!'be .ntln 'Itlaation vu oarrled out ln a 
o 

0014 roca at a t.p.rature of 1e C. The bod, tlu14 

Val dl'avD trOll the VOl'll' bJ •• ana of' a Ilul plpette 

vlth a t1ne noaal., .all. at the laborato.., trOll Clul 

tub1nc (P,rex). loru111 tbe bod, fluidl f'loncl 1ftto 

the noill. bJ .'1" capl11&JT actlon. At tl ••• vben 

th1a tatled, 1IOY1nc tbe nOlil. back and tortb vu nttl­

dent to drlT. the bod, tluid In. Otten block.,e ot 

the noalle retulted and U otten aI thl1 bappeJW4, th. 

plpette vas v1tbdrawn, tnopouchlr cleaned ln dl.tl1led 

vater and dried betor. a .ecoad insertlon. 
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1.1 Io4r rlu14 CODOeAtr.tloD UDd.r ."..... ot b.t.­
rowt;to -die •. 

41tt •• tac coao.ntrat1oDl ranc1nc tra. 9.~cto 98 •• Il. , 

(IQC to .,. ot ••• v.ter) were pr.paNet ", 1Il4ba n-
• 

qu1n4 aOlUlt. ot 411UUe4 vat.r to •• a vater to brlq 

lt ,,,the 4 •• 1re4 oono.ntratlon, tiltered, and tranat.re4 

to be&br. upt aad .a1nta1.ned at 1'00II t.pepatun, 1 ••• , 

81 to.,' c. IDto .. ch ot th. beak.r. a 'bale .DU", 

uti .. WOI'II .et.ow t'roa a pool ot WOI'III equal lD 11 .. , 

vu lDV04un4 an4 .xpo.e4 onr a perlo4 ot 1M hr.. A.t 

the ea4 ot 1M hr., th. bod,. nu14 vu 4r&Yll ID4 1 tI o_oUo 
• 

OODceIltraUon 4etel'lliDe4 1n t.I'II' ot __ .cl. 

'"ult" !h. lov .. t ooncentrat1oD ot 0 •• 0 ".cl 

vas obtalne4 1n a vo .. expo.e4 to th •• tr ..... ot .edi_ 

ot 12._ an4 the blp .. t at a value I)t 0.112 ".cl lD a 

.edi_ 01' .treqth 28.6" (!abl. IX, '1,.5). It it 11 

ulUH4 that th. anlaal 11 bo_otl0 vltb a •• 41_ of 

"!'eqth ..- (1'1,.5), tb. \Yo prnioUi coneeJltl'atioDi , 

lD410at4t the tvo .xtr... of the rUll. 01' tolu!IlO. of 

the en1.el. !he ranee 01' bod,. flu14 oonoeDtl'.tlon 

troll 0.930 ~aCl to O.teI ~aCl 1., tbu, lUll ¥ben 

eoapuoec! to the 1'ane. of oonc.ntration of the .xpe.,1aent&l 

... 1& - g.ad. to 28 •• 0 . In other word., the ant.&1 

appear •• p.rf"' "pl.to., .a1nta1n1ac tt. bocl1 flu14 

• 
• 
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&bowl .. the osaotlo pre.mre o~ bo4T tl1l14., 1Il ~I'IU o~ _aCl, 
att ... an ~8UN ()t M hn to M~ro.aot10 ae41&. ~_p •• 
28.0 ;t 0.5·C. Buh polllt 18 the .. an ot IS •• \18&\10118. %he 
41aconal liDe 1. the line ot lao .. ocltT. 
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1'ABLB U 

------------------------------.-------------------.----.-.------------.-----
axper1aeDtal 0.ot10 D.pr ... 1OD 

1I.1t1Dc 1'lIIe 1n S.oond. 111 S.pl. Pr •• aure 1n 
111~~ ------------------------------------------------- .. Pr ••• 1q Point 

1 • 3 4 8 II.... ..d. •••• _ W.a1 (A/O.a • "aCl) -------------------------------.---- ------ • ___ I 

------.-----
e.&4 87 5& m m 5& 5'7.4 0.30 + -0.13 O.MS 0.&730 

12.72 87.8 8e 89 as 5& as.a 0.90 ... -0.40 0.9130 0.&&80 

1&.90 m 6& sa 6& 6& M.a 1.10 !O.49 O.NO 0.8760 

19.08 H 58 m 58 as m.a 3.40 !'l.a O.VSO 0.S700 

n.H S? 58 58 59 67 57.8 1.40 + _0.83 O.Me 0.5678 

85.44 58 m S7 5& 5& 57.a O.SO !0.27 0.951 0.58845 

88.8a M 58 56 5& 67 56.6 5.60 !0.85 O.gsa 0.6778 

--------------------.--.-------------.--------------------------------------
1'able. IX. 1'0 1ad10ate oUlOt10 pre •• ur. or body rlu14. vb.n .xpo.ed to b.teroUlOtl0 

lled1a. 1'., •• 28.0 ! 0.5°C. 1'be body n.a14 conc.ntration 1a .xpr ••• ed 111 
tel'll8 or both .. aol and 111 d.pre •• 1on 1n the rreeatnc po1l1t. 
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, , -/1 4, , .' 
F.$! , , j. 

t 
l 

t " 

OODeeDtrat1~D withiD a yerr low rauce oyer a v14e 

ranp of experlMDtal Md1a. !bat tall 11 '0, 11 .. 11 

borne out bJ' '1,.5. ! .• ranll1, theretore, bJpe .... 

relUlat.. In tbe lover 411utloDi ID4 bJporelUlate. iD 

the hilber oODCentrat10na. 

3.a. 

'Utr1e'Rtal Proqt4P"' AD experllleDtal _1_ of 

.treDlth 10._ vu prepared frO!! fUtered ... vat., 

ID4 1800 .1 of it vas traDIterred lIlto a olean P1I'elE 

.lu. beaker of 2 UteI' capaolt)r. !he beaker with the 

elEperlMnhl H41_ va plaoed 11l another lar.er troqb 

oonta1nlne tap vater .uob that the experiMntal .edlu. 

conta1M4 111 the beaker vu 1n lnd witb tbat ot the 

tap vater .urro1lDd1D1 the beaker. !hu belped the 

fluotQat1oDl in the ~perature ot the experiMntal 

.ed1u. at 28.5' 0 vltblD a narrow rallle of !O.S·C. 

A batoh ot 50 oa.plet. rl.ouroUi VOl'll' ectual. lD .lae, 

v.. aleoW fra. the aquar1_. ID4 tl'aDlfeued into a 

beaker oontuninl H41u. ot .. UnitT 10.-. • At the 

end of ner7 hour oyer a per104 of 31 hour., boci7 nu14 

vu drawn froa a Wi'll and 1 t. o_otic eOl'loentrat1on 

4et.l'lli1M4 • 

Rllultll 

at the end of the 1.t hour, to 0.88 ~aCl at the ead of 

• 

• 

oil 

• 
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th. 4th ho1U' v .. IlOUee4 (!d1. I, Pl, •• ). leJ'Old 

the tifth hou, it ,1'0,1' ••• 1".11 tAer ... e4 to rea. ... 

the h1Ihe .. cODOntraUon ot 1.08 ".01, 01llJ to taU 

durllll the ned hov to 1.00 .1I.e1. !>villi taw _th • 

ho1U' to the 31.t hou, 1t fluotuaW hourl1 bebMll 

1.00 "aC1 aDd 1.05 ~aC1 a t11'1" dllUar to tha' 

r.,l.tere4 at the .nd ot tbe lit hove AUho. the 

charaeter ot the , .. ph 11 not a 1111'1'01' lilac. ot tila' 

obtained tor !. dlYen190101' (Beilin., 1.1) , tIM .telll, 

tall ill the eQDOentratlon and .ub.equell' iller.... ___ , 

M due to 10 .. ot .. 1'. and/or r .. "al ot t1u14 bJ the 

e%Ore\o". ol'lana. It 1. al.o po .. 1U. that at tbll 

.a1W tr the 10.. or tlu14 el ther tbl'Oup th. bo4, 

.urtaoe 01' ria eureto". or,aIlI beooae •• rt •• ttn atter 

,.1'104 ot 4 to 5 hour •• 

'xpe'1!ental Procedure. 

all r •• ,.ou to the pr..,loua one, " .. pertoraecl but vttb 

an experlaenhllUdlua or la.saCo. 'tIoras ohosen tra. 

the .... pool tONed tbe experlantal lI.t ... l&1. 

".lllU. !he "nlta are .... .,1184 In'table Xl 

• 

aDd "pr •• ented ill Pl,.1. r ... the oharaeter of tbe ,raph, 

• • • + 

. ~ 

t 

CENTRAL  
MARIN

E FIS
HERIE

S R
ESEARCH IN

STITUTE, C
OCHIN

.



, ao 

' ·04 

I · O'Z. 

.... 
u Z 1' 00 

).:. 

~ .­
w 
gs .... 
lil 
w 0:: 0 ·g 4 

0.. 

U 1= 0 ·92-

~ 
t.n 0 · 90 o 

0· 88 

0 · B6 

"'. .-. 

.-. 

2. 3 -4- 'S G 7 8 24 l5" 26 17 1& U 30 31 

TIME IN HOURS 

CENTRAL  
MARIN

E FIS
HERIE

S R
ESEARCH IN

STITUTE, C
OCHIN

.



.. 
• 

.1 

.. 

• .~ 

CENTRAL  
MARIN

E FIS
HERIE

S R
ESEARCH IN

STITUTE, C
OCHIN

.



• 
'!'ABLB x. 

I ----------------------------------------------------------------------------------------
~ 

'!'1ae 
.. lt1Dc ts.. lD 8.00114a 1n a.ple atter O..,tl0 D.pr ... 1OD 

• • xpo ..... OYer boar17 perlocla. Prea .... 111 
111 

__________________________ ... m._ . 
---- lD J'r ... 11l1 PolDt .. Hour •• 1 11 a 4 5 • 7 • 9 10 ... ..d . • •••• W.cl (411().8 :II: naCl) 

I • 

----------------------------------------
m ___ · __ • _____ • - -._--------.. 

• 1 51 eo 51 49 51 51 eo 51 51 eo so.a 1.3a + 1.08 0.830 ..;, .. -o.a 
, I •• _': a .57 .. 58 57 58 59 58 ae ae ae.3 1.'10 !O.51 0 •• 0.5'N 

• . ,. 59 • 59 S? .. H eo eo 59 ag 58.9 0.88 to.88 O.M 0.861 
" 4 ea at eo ea a 81 a eo M a 81.9 1.37 !C).a 0.88 0.518 

5 10 a ea eo eo eo 81 ea 81 10 eo.9 1.09 to.M 0.88 0.518 
8 57 59 59 57 57 57 a9 m 59 m m.8 1.03 !O.33 0 •• 0.570 

~. 7 18 58 58 58 10 eo 58 5& 5& 58 58.0 1.31 to.a 0.95 0.570 

• • 10 80 52 88 5& so 51 80 51 51.8 1.31 !0.41 1.00 0.800 .. 49 4 • 51 eo 48 48 4. 48 49 48 48.7 1.31 jO.G 1.08 0.838 
aa 53 If) &3 51 &3 58 eo 53 53 53 52.0 1.41 !0.48 1.00 0.800 

.! Ie • If) 48 eo &2 &2 52 eo 52 so &0.8 1.40 to.44 1.02 0.800 
27 51 &0 48 48 eo 51 51 so 50 so 49.9 1.10 !O.M 1.00 0.800 
88 51 48 49 so 51 51 so &0 51 so &0.1 1.00 to.32 1.04 0.8M • 
" 49 49 48 &0 51 49 48 49 &0 49 49.2 O.M !O." 1.00 0.800 
30 58 80 49 50 80 52 5'2 51 &0 51 SO.7 1.OS !S.35 1.08 0.830 
31 152 52 58 80 at so 49 80 • • 51.3 1.49 ~0.47 1.00 0.800 

------------------------------------------ ---------------------------------------------• k' ~'r. 
8IloriDC -.ac.. 111 tile o8llOtl0 pr •• 81U'. 1n te ... or naCl at boarl,. lDtenala ~111 .... '1'01 •• x. 
oy.r a perlocl or 3lbra lD a •• 11_ or .allD1t,. 10._0 . + ·c '!' .. p •• a8.5 _ 0.5 • 
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lbov1Dc tb4 obu •• a 1n the OIaGUO ,nann, 1n 
.. ,.. ot .. .c1. at hOUl'l1 1llte"w oyer a 
,.104 ot 31 bl"l 1n a bnoaaoU ••• 41_ ot 1I.",c • ,.,.1 n.5! 0.5"0. 11Mb pobt t. the ._ of 
10 .. 'mati ... 
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~A.BLB U. 

-----------------------------------------------------------------------------------------
~1ae 

".ltlq tla. In a.coDlls In s.pl. after a .. otio Depr ••• 1oa 
• xposure oyer bo1lrlT per104a • . Pres sur • 1A 1D 1A Pr ... lnc Po1.nt Bour •• ----------------------------------------------------------1 I 3 4 5 - 7 8 9 10 .e. •• 4. • ••• ~.IIC1. (A-o._ x __ aCl) 

--.-----------------.. . -----------------------------------------------------------------
1 m m 55 59 m 59 m m 55 m m.o 1.33 !o.a O.M 0.5e4 

• 59 eo eo 58 58 59 55 58 59 59 58.5 · 1.43 ;0 •• 0.110 0.5010 
~ . .,. 3 59 59 eo • • 59 58 59 59 59 58.8 0._9 ~.ft 0 •• 0.51._ 
• 4 eo eo _1 59 eo _1 _1 eo eo eo _1 •• 1.113 !O.38 0.87 0.522 

5 59 59 58 eo H H sa 58 59 59 58 •• 1.3. !o.a 0.91 O.ste - N 55 53 D 51 5& H H M 55 M._ 1.05 !0.33 0 •• 0._ 
7 51 51 50 48 50 51. 50 51 50 51 SO.3 0 •• !O.30 1.M 0.e36 
8 D 51 50 53 53 51 51 53 51 50 51._ 1.117 !0.40 1.01 0.e12 
24 &3 53 • 53 511 50 51 53 • 51 58.0 1.41 !O.43 1.00 0.800 
25 52 50 50 &8 51 511 SO 51 52 50 51.0 O.M !0.a'7 1.01 0.8Oe 

• as 53 52 53 50 M 53 55 50 51 50 5a.l 1.79 :0.57 1.00 0.800 .., 5a 51 50 58 52 50 50 50 52 51 51.1 1.01 !O.35 1.01 0.8Oe .. 152 53 52 53 52 50 52 50 51 50 51.5 1.18 !O.M 1.00 0.100 
': 29 49 50 49 51 4? 48 49 50 49 51 49.3 1.25 ~.40 1.04 0.fS24 

30 50 50 50 51 48 51 48 50 50 49 49.9 1.12 to.sa 1.03 0._18 
31 58 51 511 50 50 53 50 &3 50 5a 51.3 1.25 to. 40 1.01 0.8Oe 

--------.--------------------------------------------------------------------------------
~abl •• U. SboviDl eben, •• ill oa.oUo pr.u ... 1n teras or __ aCl, at boarlT 1AurYala 

OY.r a per104 or 31 bra 1n a ...s1u. or .alln1ty 13.~ • + 0 

~.p.'28.5 _ 0.5 c. 

• !_" .lt~~-'+-'" '"rl;' L ~_ ~ 
~ •. .:-ft.i)t 

• 

...,. ~ ... ... ;" ,. 

~,~ 
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U 18 olear that tbe l4~u_ent of the bod, fluid 

oonoentratlon followed the .... patterD .. 1n the 

preTtoua experiaent. Boveyer, at tbt •• altntt, 

(13.5~) tbe ate., fall tn the bod, fluid oon­

c.ntration fro. 0.940 ~.cl to 0.860 ~ • .cl oonttnu4 

upto a p.lo4 of S u. only. Thereatter, 1t prG-

Ire •• tTely 1nore .. a4 reaobtDc th. a~ GOncen­

tration of 1.010 ~aCl at th •• nd of the 7th hour, 

0111, to fall to 1.0 ~aCl at the end or the "'th bour. 

Durinc the 24tb to Slat bour. 1 t fluctuated betvMn 

1.0 ~aCl to 1.04 ~aCl. The 10yern1nc factors are. 

,erhap" the •• e .. that Yl.uall.e4 to explain the 

oour.e of o .. oconoentratton of bod, fluid. ob •• pyed 

in the ,r .. lout experla.nt. Further, the Yartattona 

between the two aa.t b. due to oonoentratlon dlffer.noe. 

of the exp.r1aental aed1&, _. perhap., a funotion 

of the dtfference. In .tr ••••• lapo.ed. 

4. a.ergl leu1I 41D"iOg1p' 11 th. only 

I.rel~ pol,ob .. te on vh10b falrl, exh.u.tly. .tudte. 

on the 

erl.t. 

o 
UlUlation of o_oonc.ntration of bo41 fluid 

.L 

At Elel 1t. bod, flu14 oone.ntratlon (tabl. XII). 

r.pr ••• nted .. .-11 chlor14 •• , o •• r It. uaulato" 

ph .. e. raDI.' fro. 7.10 to 18.10 pll or fro. b, 0.48 

to 1.10 1n tara. of the 4.pu.aton ln th. fnea1nc 

- . ~ '. 
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to, • • • .t-

po lilt (SohU.per,lnta" b). At M111port, fy ... 1DU, 

Ie.t3ord ID4 tb. Upper '1'aU' .IWaI'1. it raq .. trOll 

.60.31 \0 1.90 (laUb.1Mao). B •• U. (1131) r.port. 

a raq. ot 0.14 \0 1. S1 tor WONl obtaln.cl trOll til. 

Rb.r B1J\b1 .1\uaJ'1. In otllir WOrd.. till tr ... t.nc 
polllt 41pI'I.l1oDl r.n.oUIlI th. o_otlo oODo.ntratloDl 

!ABLI III. 

----------------------------------------------------------Raq. ot loci, Pl uid Con-
o.ntr.tlon .... ot Popula­

\lOll 
'rca ------------------------ Po1r~ aer ••• aoe pll D.. .. to. 

----------------------------------------------------------
Ml11pon. 4.10-1'.15 0.48-1 •• !.4UH:~- Sa1t1l,lM50 

'l .... 1Ilno. 3.35- •• SO 0.33-0."- • • 
X..t3ord. 3.59- I.N 0.3a-O." • • 
Upper !.-X 
aU' X 3.Sa- 9.40 0.33-0 •• - • • 
s.Wal'1 X 

11.1. 1.10-18.10" 0.10-1.80 • lohuoper, 
l .... a • 

Lab I 4.40-10.80 0.44-1.01- !.11&ht1. Ialth.l91 •• Moroe4. 
Valk.r X O.4()..O.W • • • CrMlt. X 4.00-10.00 

('roa '1,.12) 

1101. - 0.1&-0.77 ~::!::11 lohU.,er , 
1 .... a • 

a.lIoland. - 1.70 • • 
,:!:u,J '.84-1e •• 0.58-0.5' 11=_. Pr ••• nt 

1t1a4,. 

-----------------------------------------------------------
- Caloulate4 PllW'ea troa r.ter.nol. cd. tM. 

., 
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ot the body tluid ot !. 4U'nhg1g' l'aDI'. trOll 

0.31 to 1.90 1D YOI'U .t1a41t4 OY,I' 1'. aUN raDI' 

ot 41avlbaUoll. III b.n1oo1a .arl .. at n,l 

vbtll £:::, ot the ext,rul ~1_ vu 0.71-0.'77, the 

bo4r fluid oonotntl'atbn vu that ot tilt. xttl'll&l 

.141_ (SahU,per,l," •• b). At B'l,olaDd l' vas 

1.70 1D aontoNltr vlth the oono.lluUoll ot the b. 

.xt.mal .. 41_. Whil. the b04y fluid oonoatratl OIl 

ot !. l1'nto01a trOll Lake Kerot4 (Fr.sh vattr) l'&IlIt4 

tl'Oll 0 .... 1.01, lt vas 0.40-0.11 111 tho •• obtallltd 

trOll Walker C .... t •• tu&l'1. !b.~. ot 0.51 to 0.59 

tor KvMa cru.lx1 vas not 0nl7 IlU'I'OV bat 9'11'1 

low 00llp&l't4 vlth the above tOI'U (tabl. XII). !bus 

111!. ll'aY'1rl VI 0011. aool'o.. tilt lovt.t oonc'lltratlon 

ot body tl1l14 vba oOllpvt4 vlth the lU1'1bal1nt 

!. 41ul'!l0010! 01', .01" 01' 1 .... ttnoha11ne ! .• villa. 

8ua a !l tuaUon oou14 only be a oou.quno. ot betttr 

r'lUlatol'1 povtl'. tor o..ooono.ntratlQn. !b. tresh 

vattr a_vlA, Q Ina ta.ataN, NlUlattd at 

tbe lovt.t 1,"1, vtwNu tile .arill •• peo1 •• KV'pp­

._vu t1Jaarohlou lid G_aru oe.an1ou, "I'M 

latt4 lta blood at the hl,hlat 1ty.l, vlth Q U'!! 

$i.,lau., a braek1.h vattr .peol.a, raakilll b. tween 

thl two (Beadl. a CUII,lMOa a b, W.mt.,l9D). 

~ rt4uot10n in th. body tlu14 cono.ntratlon la, 
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ptrbapa, a ,.Mral t.at"" ao.on to ol'lallll .. 

att .. pttac 0010ni.a1:10n ot re,taeaa of 41 •• 1'" 
habltat. ot reduoed .allnttl •• (Beldl.,l043,'51), 

&D4 aoeol'4tac to PoUt (195&0) an4 Cro,hall (lMl) , 

the ohl,t ..... ot ... 1ftI the .traln on o-.orel1l-

latorr .. ohalll .. . 

Nakine parallel 4.t.l'II1DaUoDl ot vti,bt an4 

bod, tluid ooDOtDtratton ln !. 41 •• ,.100101' at 

.qqal lnt.rYata oy.r a p.rl04 ot 14 bra und.r .tr ••••• 

at hypo .. otlc .ed1&, "ldl. (1II1S7) eoncluded that 

the eono.ntratlon eurY. follOWl4 'a lo,arltbal0 

cour., tovard. a Yalu. above that ot th. .xtel'D&l 

.edl,.'. Stallar 4.t.nlnaUoDl .ad. 1n I. crml1 

al.o (eoapare rl,.4 vlth '1,.7), ladloat. a tread 

14_tical vith that obtalned In!. 41n"lqolor. 

BoveY.r, 1ft I. Ir.y.lll r •• to.atlon ot the bod, tlDld 

oono.ntratlon doe. not be,ln unt11 att.r th' 31'4 or 

4th tlour, by vh10h t1M yol .. r.plaUon 11 oa.pltte4, 

dno. the hlp.t 1nor.... tn YO 1 .. , 1I're.peotlY. 

ot the .tnqth ot ttl. e~r1aental .edlua, 11 reached 

at the .04 ot th. lit tlour (rl4. 1Dtra). ID4epend.nt 

ot the t1Dal yo11lM atta1Decl at the ead ot ttl. 4th 

tlour and ..tntaSaed at that leY.l oYer a per104 ot 

14 hr., the t1Dal ooDOOntrat1oD tluatuat •• betweeD 

1.00 "aCl and 1.08 ~aCl. 'rtle r.cul,tion ot bod, 

4b 
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fluid ooncentratlon aad the control ot yolu.e 1n 

!. Ira.ell1 are, p9rbap., two hetor. vtj, oil are not 

lnt.rdepeadent 10 acN.ent vith that conclu4ed b, 

B •• 1. (laJ7). It tollow., therefore, that the 

tall 10 YOIUM, u 1o!. div.rl1oo10r (BeIlU.,1~1), 

.ho1l14 be due to toro •• other than ur. 41ttulon 

or o_oUe pr ... ,,", aad, perbaPl, _.141& ut 

.. ohalm.lI tor YaoaUllI tbe .xc ... ot tluid 10 the 

ooel_l0 oart tr. 'fIl1l 11 probably broUCht about ", 

either tile bJUo"aUo pre.lV. or tbe tollU ot tile 

bod, vall ll'Uel... 01' lt • ., alIo be clue to the .h. 

ot the nephr141a that !. 1,&".111 po........ th.N 

1. n14eM. that the, (uphr141a) are lare." 10 11 .. 

(.,.14. Chapter n). Th.N 11 alao nldenc. that the 

ti .... aN quite aoUn onr a v14e 1'&111. <_ to 1(1f. 

.ea water) or .al1n1tie. (1r1lhn_oorthl A 1r1lhnuvaaJ', 

1M3) • Pr.ltaSD -,., r •• ul ta han .novn (UI1pGblhhecl 

data) that tb. bJdro.tatic pre .. ve lncN .... with 

lnor • .,lne oono.ntration or the extel'llal .. 1&. 

IlIYert.brate. han aohined caotia 1D4.pendenc. 

tbroUib OM ot thr.. t .. iUar way. rt •• , e1 tIM I' 1 t 11 

bl'OQlbt about b1 contoralnc tt. 1otel'llal ooncentration 

on a par vith that ot the ext.1'D&l1 or be1111 bTpero.­

.otio 10 th. lonl' 411utlou bQ t bee_inc bonotio 

.7 
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In blebo. con •• nt.atlona, o. hype .. oCUlat1nc 1ft 

4ilute ,041& blat bol", bJpoaaoUo 1ft conoontrat04 

'041a. 111 tho.o tora. tlnd ropro.ontatl.o. 

-one CNlta.oa. tile Co called hlebo. lllYortebrate •• 

Aaolll pol1ohaot •• , however. only the tir.t &ad tho 

.ooo~ aN lmovn. lro91001a IVb' and 1. nlMlpa 

aro oonto ..... (Sohlloplr,l9a9a a b). I. 41y.r"'919£ 

be 1t fro. nol (Sohlloper 1ma a b) or tho llYn 

Blythe o.tual'f (B .. dlo.l~7) or Mlllport, 'lYara1nDe, 

hot~ord, Upper T_ar a.tuur (Salth,195&o), bJpo .. 

rol1&1ato. in low~r 411utloDi but boeoao. 1.0_ot10 

ln blebl. oODoont.atloDl, oxoaplotrlDl tho .oeoad 

type of o_otie ladopudoneo. lonil U'p'qola 11 

yot anothlr NI.old bolonclnt to thl. type. (8a1tb,1t59). 

Tho p ... ont tftFo.t1.atloDi .hov yot anotho. t.rpo .. 

• opr .. onted by!. ermln vbloh 11 hypero .. oUo in 

, .. ia of reduced ,alln1 tio. &ad bJpo_otlo in oon­

olntrated a .. la. a pattorn vbleh roc all. that obtalne4 

1n ao.t ,.ap.o14 and ooypodo arab. (0£0 •• ,1957, 

Or .. D Al.al.,l0l59) and aoal praVDa llkl Pt]s=ppe,,' 

vade, Leander '!I'ratua aad CrancoD .rancoD 

(P&D1ktar,194la, ParE1.1~,·55, Brook .. a,l94I). 

The UDdlrlyiDi ,oobaD1_ 01' Hohanl .. 10*'1111 to 

roaulatloD .u.t awalt tuturo In.l.tl,,tloD. fhlro 

la, bOWIYI., elrOUlltantlal .. ldenol that hypo_otl. 
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ur1De 1. belnc tor.e4, .1ne.!. CE".lri po ••••••• 

Depbr141a bl,pl' 1D 11 .. (CbaPter n) thaD tho •• 

t"UDll ln po17eb .. te. obtain.d tl'Oll .:).allu 11 tuaUou 

(lr1abDaoortbi, 1 • .",) aid u reported 1D!. Amrl1-

oglgp (.Jur,.u,lII1'SS) aid ln veNti. \ !!!I 101 (Irllblwl, 

1951). it 1 t 11 a ••• _ that blu.r died Depbr141a 

eo1ll4 be ... oelated vUh th. proAUUOIl ot bno- 01' 

1.0 .. otl0 urine. Att.apt. to eoll.ot uriDe t01low1ac 

.itb.r the .. thod 'acr •• ted by Bhat (lMSbJ '41) 01' an4er 

puatt1D 011, 414 not 11.14 bdrable re.ults. !he 

.a1Dtenano. ot an internal aqueous and .atiDe .t •• ,. 

• tate , inaplte ot a oonstaDt inward 41ttulO1l ot vatar, 

la au not onlf to the .ltatnatlon ot 1.o-.otlo/bJpoaaotl0 

llr1D. b,. the lnnrt.brat. neptuoon, but also due to 

tbe YUJlnc quantiti •• ot urin. produotloll a. d_outraW 

in Pal!!!OM,,' yu1au (P &p1'1 , 19M) J 111 G .. 14. 

(W.nu,l." and 111 a ho.t ot oth.r orutae.au 

( ... Loekvood,lMa, tor colllpl.te tlt.ratur.). AD 

attnpt to .t1a:t,. th. rate ot ul'1ne proAUUOIl 1D 

!. nmlrl b7 tile 1mll1n clearano ••• thod ot Roe U ~ 
(lMS) .. tollowed b7 Potts (19M) tor tbe •• tlaa1l 011 

ot blood Y01 .. and rat. ot ur1De produotioJ1 1D 

AI!o4oU, '!'U', a tr •• b vater l_elUbranob, 71814ed 

.rratl0 re.a1t.. P.rhapl, the inulin elearane ... thod 

.uoc ••• tul tor oFUltaoeana and aol1u.oana, 1. DOt 

t. 
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nitabi. tor .ott-bodled pol1ob .. te.. 81-0 "11 

vb.tIl.r tMr. 11 .xtru.Dl.l .llalDatloll ot cDlor14 •• 

obuaot.rl.tlo ot t.leo.t. and orustae.ana brPo­

r"ulatlne need. tmtur. lnY'ltl.atloll, .iIlo. the 

pr.l.ne. ot v.ll d .. eloped bructh1u all alone til • 

• a,or l'neth ot th. VON (Al1u,ll1133) polllt to thla 

po.alblllt;r. !b. prAlent lnv'ltlIAtlOIll, bove •• r, 

ha •• broUCbt to 11.ht th. ooOW'rellc, QOne po11ohutel 

a tblJll t;rpe ot oaoue lD4.p.D4.ne. 1 ••• , b7Per­

r.rulatlon ln 411ut. ae41a 8Qd bJporelUlatloll ln OO~ 

o'lltrated .eella. 

, r .. lev ot aU th. literatur. on pol10hute 

phJllolol1 vtth Ip.clal r.r.r.Do. to o .. or.culatloll, 

rev.al. that no other croup 11&1 bHD mol" .xpel'la.IlW 

UPOD as tbe "1'.14.. !hta 11, perhapI, 4u. to the 

taot that .everal _.bel'l ot the N'I'.14 .. ri •• , 

!. 41v.rllo010r, !. Ylr.na (!. louthern!), !. pa1ac10a, 

!. 11'910011 (J.epth., ll,btl), ,,£.1, (I.'Dthe ,) 

Isoete. and P,r.Derd. outtritua u. found to peMtrate 

1101" 01' 1 ... 489p11 into braeJdsh vater and a tev 

5. 

are toWld 8v.n in fresb vaterl (J'obnaoD,l903, Barta_,lgsa, 

ItIUb,lSH;3) • Th. Mr.ldl, ther.tore, baY! cOllltUUte4 

an .xc.ll.nt IrouP of anlaala tor th. 1t1d7 of .. ,b,nS .. 

ot o .. oreculatlon II pOinted out "7 Z_rl.IlI.D A Dale. 

(lts?). !h. pr.l.nt lnv •• tl,atloD haa brOQlbt to 

11ght the tact that, it 11 b7 DO ... na coDf1M4 to 
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'.H14 .. alODe. 'or, th. lunic14" ot tbe AdTu 

.. tuaIT .bov Idjuata.llta aatcbtlll vlth thol' ot 

l.r.14" ill their .apacttie. tor o .. oreculatton. 

QppMte ".lta, all ~ic14, vUb DO r.lUlatory 

abilitT oy.r yoluae oontlOl and a It.1tl4 r .... 

ot tolerance ot reduoed .alinttie., Hpr ••• ntl, 

perhapa, one ead ot tile .eale of olllotiO intlepantle •• 

(Iri.bn_oortb1, lMa) • Another Kunio14, Dhuk' 
T&1"1.b1111, .bov. olaotio iadependeoc. a ibid. better, 

vith Ir.ater capaciti •• tor YOlua. oOlltl'Ol aM \Oleran .. 

of reduoed .al1n1 tle. over a v14.r r&lll' oClallul4 to 

Q. ,,,.Ua (Kr1abDaa!')()rthl,l083b). Perhapl, tb. 

pelk ot 1nd.peM.nce 1s ette1nec! 1n Mvphva crmlY1, 

also an eunlot4. Anotb.r BUell II'0Up aaT be the 

Gl, •• r14., tor allce, •• pp. have been r.ported traa 

bra.ki.h v.ter .ituat1ona in b.r .urYeT of the brackisb 

and tr.sh vater p ' l1oh .. tel CW ••• nberl-LunIl,l9SS) 

and alia tl'Olll tile ChUb Lake by a~utbf)rn (19lS].). 

Nephtyl IllP., • .,. be T.t ~'loth.r croup (South.rn,l93i). 

It 1. Huonabl., there for., att.1\t1on 11 clravn to 

Iroup. othu thall th. Juelclae, it 0011 to obtain a 

tutler knoWlecll' ot o .. oreculatioD 1n po110h .. te •• 

If the re.ult, obtalnecl tn the pre •• nt lnTelt1laUoo, 

unallns that it (o .. ar.sutation) is IIUch better 

51 
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cleTeloped ill !!arphr •• lI'anll1 and tar superlor to 

that obtained 1Il ifenl. 4iJtUlog1g,. are of .,., 

.1,ll1floaDOe. it 1. oertainl, a po1llter that auch 

.tudie. are extended t o other ,roup. IlB weU • 

• 
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stlWptug ?l !IPIIIpU. 
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1. 1 n , rod a e t 1 0 D. 

t. M.t.rial ml M.thod •• 

3. Structure - Morpholol7, Bbtol')!'f, 
Blood Sapply aM IUNto" 
Surra" relative to tb. 
aiu "r the VON. 
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CIII.PtIR n. 8'l'IIJC'l'URl or DPHIlIDU. 

1. Iptrg4patl9A' Altboqb oODa14.rahl. vork 

on tbI mato.r aD4 hlltolol1 ot th. pol1ohut. nephron 

exl.t. (Goo4rloh,l9615), Woh ot the .arUer •• el1 •• 

vel" barcll1 or1'ntatecl tovard. tONlDc a 'bett.r bub 

tor pbJalolo.loal work' u polnW out b, lODe. (lOI57). 

It vu DOt Wltll lv,'Da (lass) l.t 1ft aorpbolo.1oal 

.neleno. that ',ull 41ytrl1991p, po ..... ecl a uphr141_ 

b1.,.r &ad aor, oOQyoluW thaD tho.. po ••••• ed br 

."al,. aillecl to 1\, aD4 tbt laportanot ot nepbr141a 

1n th. oaaoreplaUon ot Sabella PaYollllla vu 4_0 .... 

• trated (lver A lv.r,llCS), that 1t. tunot101lal t.­

plloaUoDl VIr. broqbt to th. tore-tront. fbt 

,r.at.r 10 •• ot ohlor14 •• 1n!. 41y.r.1001or (llll.,1189) 

an4 • ubllqu.ntl1 oonf1Ned bJ .J~rl'Da.n A Dal,. (19157) 

u ooapartd to that obtained ln l.rell p.lylga an4 

l.rell nreftl, l.d th ••• autbon bell.Y1 • rap14 

.xoret1on ot lIo .. otlo/bJpoaaot10 v1Dt E"ultlDc 

1n a rap14 r'culatlon ot yola.t. lxa.ln'n. Dephr141a 

ln a nuab.r ot uE.14., Jtrlabnan (1958) tound tbat 

th., V'I" lar,1E 1ft Lrayth 104191 tban I1ther 1ft 

,.,.1. ghl1'ttO,l. or ,.,1p"'l1 DRA'tl. JtrI.bDaaoorthl 

(19Gb) .xt.nd1DC .1allar .tudie. to polJob .. tt. other 

thaD 1'1'.1418, r.lat.d th. Ir.at.r penetratlon ot 

• • 
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COM i.,t .... iDl due to til. po •••• dOll ot 

bill.r aepbr141a iaplriDi 1".t9l' .ttlo1u01 or tb! 

t14De,. 1 bill.r ftfpbron, tb."tO", i. ...oolate4 

vi ttl th. pr04uetlon ot lao- or hJpO .. otlo viae II 

ob •• ned in a mabel' ot ann.ltd. (Grobben,18I1) &nil 

in orutaouu (Sohva.,1m, Pant ttar,1Mla, HJD'" 

19M) • In th. pr .. IoWl .. otion it VII pr ... e4 that 

MgphV' gplld South.rn • ., be pr04u.1D.c hypo .. oU. 

viae. It, th9l'.tore, .pp.are4 that •• tud, ot th • 

• tnotur. of tb! n.pbr141a in!!. ,ra".1r1 .holl14 be 

b.lpf1ll. 

I. Material ea' M.tb04t1 'I'0Il a .olle.tion ot 

VOI'lll ooll.eoted troll "Tar, • rev, equal in 11 ... til 

tboa. that tol"8!4 th •• xp.r1sental an1Ilal., were •• t.0te4 

an4 Darootlae4 nth Chloral BJdrAte 01' Menthol to 

.DftH aD .xt!Dl!e4 oondlt1on. "ot 1n.frequenUr 

IraSual aS41tlon of 3~ .loohol VII .lao found WI.tul. 

ln kiltlDC th. VON in an .xt.nded oondition. 1 

nabel' ot fixatb •• lib Dubo.eq Bollin, Z.Dbr'. 

'11l14 aDd SUI ",re vied And dlloude4 tn faTOW' of 

Bouin'. Pl1l14 vtdoh Ji.14ed th. be.t rewlt.. t't. 

YOl'IU were .t!ned a 4ay 01' two betor. tbeJ ",re f1D4, 

tbta Mtlll ne .... 1l'1 to r!llOT' frOll the pt, tiM 

parUel.. of mid and .and v!'ltoh taped. obta1nlDC ,004 

... tiou. 'file •• ter lal t1D4 in louin VII tbol'OUIblT 
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01.1M4 UDtll 1t hat OftlJ va". of Boulft iIll1t. 

4.bJ(r.ted in a1~obol "1'1 •• , 

011 UI4 _We4 In !l .. ue-Mat 

01 .. re4 ill oe4a .... vood 

(saO a M.P.). 8.r1al 

•• 0tlOftl at .1pt lliera vel', GIlt, aounte4 on Gold-Seal 

.114 .. and 1t.1Ile4 vUh R ... toq'l1n .Ub.r R.ld.nhaill'. 

01' 1lu1l1ob'., after taJdlls til.. tbroutb til. 00IlT.n­

t10nal aloobol "1'1... Th.y vel" oounte ..... ta1Dt4 

v1t1l Borax C&I'IllDe 01' Oraftl. Q. ill 41&11'.' vel" 

a.s. vltll til. aid ot & C.tr& Lu,M'. in 01'd1JW'1 

ocular a10..-.t .. VII uaed tor •• UUNaeftt. tIlat .... 

r.oorded b ... , \lD4er oonatet aqJl1f10at1on of 5 x I. 

3. Struotpt 9t !I,pbri4la in MHphtaa crg.ltll 

(a> PrlJtqpa 'd0rkl l'pb1'141a 1n Itrdold .. ¥W' 

f1rlt .tud1.d br !bl.r. (J.B64) 1Il IUDiS' BHY", 
!. PRbr9Qiptl, I. 1t,o •• , I .• lq111'O'1I, Opppht. 

ftot Wltll 1900, that Goodricb, 4 .. orlb1nc the DIIphI'ldla 

ot !un101d&l 1Il 4.tail, polbted out the hoaoloO' ot 

the 111'1' tf'\2llP.t .haped n.phro.toat with the 0011.,. 

ao.~ ot pr1ll1t1,. to.... an! '%p1ai1le4 th. ooapo.1t. 

ftlture ot th. a1xoupbrI41a, oOllblned U tb., ar., to 

tora .t.pl. n.phridla and oo.loaoduot.. S1ftc. theD, 

r&l' (1908) hu ad4ed to our Imovlecl,. ot the n.phrid1a 

of 1unloidae by llt1ne 4.t1111 of tbe tora IIId .truetur. 
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• 
• • .. 

Ixptll!l!IOI 'f0 'fBI rIQO'RBS 

Ji,. 
8. Dlqr_atlo oroll-Ieotion ot the vo,., -n" 

Ir~tfl Southern, 1nd1oatlDl the relation 0 
DeP 1_ tG other .tl'UOtunl 1ft the bod,. 
oay1",. X M. 

t. D1qr_atlo represent ation ot a .1nIle vbole 
nephr14i_ ot Kuphna !Pl!,lyl. I 400. 

10. LoDiitlad1Dal .eotion of the aepllroltOlie. X 4150. 

11. Crol.-.eotion ot the aephl'o.tOIIe. X 450. 

12. aro •• -.eotion through t ile nephridial oaDal. X 4150. 

13. Crol.-.eotion thr'Jutn the .1441e part ot the 
Depbl"l41al ollllal. X 450. 

14. Loftlitu4ianl .eetton ot the n.phr14ial oanal. X 450. 

lao Loftlitu41Dal .eoU"n ot the eDd-.ao. X 4150. 

1e. Cro •• -.eotion ot the . 00-.ao. X 450. 

ABBREVUtIOIS USID. 

Bl.01 11104 eDd1q capillarl •• , 11'.1 Ir&ftCbl .. , Cotl.lpl.1 
Co.10llto 'pith.n_, C.l •• • 1 Cbcular 1.,..1' ot ..uobl, 
C. 'f. I Comectty. 'fiaaue , O~.I Conc ..... llt., Ci. I Cllia, 
I ••• I 1n4 lao. Ip. I Iptd.1'II1., t.l ••• I Lollli tlad1Dal lare .. 
ot II11Icl •• , Iou ..... I L ell ot tbe Depb.rO.tOlle, w.I.Cl. I 
Laen ot the aepbrS41al o anal , Lu.l. I Laun ot th. 104 I&C, 
I. I I.DbI'i41a, ..... N'pbroltOllOI ' ... W. I '.pbro.tOlllal 
vaU, I.Cl.1 l.pbr141al canal, I .P. I •• pb.r14iopor., IU.I 
Ihtel __ , P.ll. I 'arap041al 11_, R.I. I a.triDI.nt bodi •• , 
S.I s., .. , S •• I S.p ; V.Bl.Y.1 Ventral blood ••••• 1' 
'a.1 Yacuol.l. 

, . 
I • 

• 

• 

.', . .. 

CENTRAL  
MARIN

E FIS
HERIE

S R
ESEARCH IN

STITUTE, C
OCHIN

.



in .01M aore I9Mra. ae tilW'ed the OO810llo.tOll. 

or HYalinoecia tubicola IDd LuabriooMri.. tapati&DI 

u Ctapl. and .aootb. But Goodrich (1916) ob.und 
f 

de.p ,ron. on the ciliated inMr .v,ace. Alrar (19331 

whU. oont1rll1Dc the aiDe! nature ot the n.phr1cbllua 

ln hill .tudr on the anatoay ot!1. naye1fl, ~. 

tailed to d.scribe the h1ato1011 ot the nephrldia. 

(b) StlllAturtl In HIIM"I 1Pln1rl, aa in all 

IWlioidu, a pair ot DPHRIDIA are touM 1n .aoh ..... nt 

.xc.pt in a tev ot the ant.rior and po.t.rlor ..... nt •• 

As can be .at. out trOll •• ctlolll (rl,.8), the nephridiua 

(rl,.I) i. 10c tee! between the lat.ral bord.r or the 

v.ntal lonaltudtnal lIIUcle on the one .id. and the 

v.ntal bord.r ot the pl ... nt ,land 011 the oth.r. It 

cOlllists ot a vid. \ruzap.t .baped Il.phro. tOIle op.n11l1 

l nto the ooelOli. alone the outer ed,. ot the ventral 

loneltudinal IlUsol. and a lone narrow alao.t .tratlht 
L 

nephridla1 canal. vnioh 1'UnI outward. piel'c1IlI the 

o1l'oular l.,.er ot !mIole. and the epU.nta to op.n 

by the Mphr1d10pore .1tuatee! near the ventral ed,s 

ot the neuropodiua. WhUe the tunn.l baa bMn oblerved 

1n "argh"., IMlUipel (CoI.ovice ,l88O), th.re bu be.n 

no .nt10n ot the .xt.rnal open1", . Just betore 

open1ne to the exter10r tb. MphriUal oanal dUate., 

5ti 
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perhapl, comparable to the eDIt-sao ot earthVor.a 

( hal,l947) 01' of qvotn" MloU and Pgt.ob1u. 

tluylatl111 (Picken,liaS). 

!be vide, oval aouth ot the truapet shaped 

IIPBROS'!'<IIB, aeuurlns 80 IJ., &rAliua117 nal'l'OVI down 

to 18" before it laperoeptb17 fluea vi th the neph-

rldlal canal. '1'he vall ot the nephroltOlie (rl,l. 

10 , U) 11 allde up of a dna1e 1.,81' of 3 to " alatlu 

cublcal m1 vell defined celli 10 p. in leneth. 'fbe 

4"pl1 at.ined nuoleus 11 Invariabl1 at the proxlaal 

eDd of the cella . On17 the inner yalll of the celli 

bear n .. roUi 0111a .euurlng about 20 /Il 1n teneth. 

!he 0111a are packed tosether and are directed 

tOyardl the nephrldlal canal. 'I'he 1 ell of the nephro­

.teae 11 t'Illl of cOllor .. entl, probab17, of an excretol'1 

nature. the nephro.to.. nt.mall1 18 lined b7 the 

oo.l~c epithellum and .urround111, all around exoept 

in the noW t7 ot the openlft1 of the nepbroatOile Into 

the ooel0ll1c cayity. 11 the too •• connective tisaue 

YbiCh 18 lIIUcll Yaouolated. '1'Il. cytopl ... ot the oelll 

are tr.e ot any inclualona. Tile ya.t •• att ... p ..... nt 

In the 00.101110 oaYlt7 appears to be oott.oted b1 the 

neplll'oato.e and puaped out by •• ana ot 0111a throuSb 

tbe nephrldlal canal u ob"l'Yed in a mabel' ot po11-

obaetea b1 Cwmlnc1l_ (1887). 

• 
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1 •• 41at'l1 toUowine tbe nepbl'O.tOlle 1a th. 

RIPRIDUL CABAL whlch .eUlU'e. about lao p in lencth 

aDd 1a unitol'llly 18 At In vldth. Th. l •• n ot the 

oanal whloh oOlltaina oOllorea.llt. throUlhout It. 

lell,th 1. boUDd.d 011 all .ld •• , tora1ne the wall. 

or th, oand, by a sinelt l.,..r or s1llUar cubloal 

o.U •• euur1.DI about e J1 in length. The OtU 

boun4l'1e. are well daarkated. '!'he oytopl ... 1a 
t, dert¥r Iranular. bone the Iraoult. lug., brlpt 

III retrlll1ent bodles c ?~ld be dl.tincu1.btd by their 

taklDC a deep tosin Itain and by thelr nootb r.neotlne 

aurrao... Such bodle. are round outl14e the 0.11. 

and al.o In the coelOliio cavlty (1'igs.12, 13 • 14). 

Tbe pre.ence or luoh bodl •• wi thin the c.lla and Q1 talde 

the cell. and the unltora ,ranulatlon or the oytopl ... 

• ugl •• t. that thi. part ot the nephrldial oanal I., 

p.rhap., oonoerned with tl1tratl?ll. Raoovltsa (1895) 

.av, atttr injeotinC •• pla-blaok ink into the 008101110 

oul tr ot Lelocephalua 1812&''', ...... ot blaok 

Iraoult. 4tpo.lted In tbt celli ot the Iltp~ldlal 

canal and concluded that tht partlola. .1lJ' hut Nen 

lOCt.ted by the otll. or tht valla ot tht rwpb.rldlal 

canal. Sohllelder (1899) confined thla oblerTation 

in !r.Diool. aulna, f.avl.1. torbe.l, Peot1narl. 

brpt.borat., fereNll~e •• trOlll1, P0ll!D1. nebulo •• 
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aD4!. 1114'9111 a. w11 u a malHlr ot ol1loobatte •• 
-"-0 

Vlll .. a M1nfte (1900) bav. al.o oor.borated tb ..... 
!. 

tor .011 •• ore po17obatt... Inc •• tlon ot paJ'tlolt. 

b, tb. 0.11. trOll tb. 00.101110 fluid, bu be.n r'l&1'dtd 

by tb .. u the proo ••• ot t1ltl'ation in .xoretion. 

In th. pre •• nt tora the pr ••• no. ot granul.. and 

retrins.nt bodl •• In th. eella , probab17, Indloate 

tbat th., have be.n lllluttd from the cO!l0ll10 cavltT 

and, b.no., it lIlat be ooDaludtd that the 0.11. ot tbt 

nephridial oanal take part i n th. PI'OO"S ot ftltl'ation. 

Spherloal ao4 un.tained vaoa.,t spaoal 111111&1' to lbo •• 

tound in the e.ll. of tb. n.phridial eanal In 

P.O"9,rta belei" and ter.b.11a sgnsh11e,a Oil11 .. 

at MinDa ,l900, Maz1ar.kl,l905} and re,ardtd u vater 

vao~ol •• oo~e.rned in the e l imination or vat.r trOll 

the coelomic cavitT, are alao apparent ln tbe o.lla 

roraine the nephridial canal in !!.guvelyl. It 11 

l1k'17 that th. vacant apaces in the cella ot the valla 

or th' nephridial canal in the pr ••• nt tora, are 

vacoule. oonc.rned vi th the f'Wlotion ot vattr ,xcl'.tlon. 

Sine •• uch vacuol •• art pr • •• nt in all the o.lla ot 

th. n.phridial canal, it app.ar. that all the 0.11. 

art cono.rned vith vat.r .11a1natlon. !bus no 

0.11. are s.t apart tor vater .1ta!Aation. 

CENTRAL  
MARIN

E FIS
HERIE

S R
ESEARCH IN

STITUTE, C
OCHIN

.



'ra. lonelt1r1l1lal aDd tr.n .... er •• '.GtioDS 

('1, •• 15 " is). th. valla ot th. IID-SA.O oould be 

•• en to b •• ad. up ot • .ingl. 1.,.1' ot c.ll •• 

S to e 1n nuaber. aub10al and 8,,4l tn 1.neth. AI 

th. cella are thlok the lU11.n ot th18 .nlarl.4 part 

ot th. nephrS41al oenal 18 u narrov u .lants .... 
~ 

!he ortoplu. i. Inmalar. e.peoiall1 at th. pl'Oxiaal 

end ot the c.ll. clo .. to the lwaen. R.tr1Dl.nt 

bodi.. and vater yaauol.. .uch u tho.. ..en in the 

c.lll ot th. nephri41al canal are Yer, .caro. .u" •• tiDC 

that tiltration • .., not be a tunotlonal. t.atur. ot this 

.ao. Coeloal0 .pith.UUII and oonneotiv. ti •• ue ar •• 

boveY .... pre.ent .url'OUDdlnc the .nd .ao. u in the 

cu. ot th. n.phridial canal aDd the n.pbro.toae. 

In it •• 0J'pbololloal teatur •• and in th. ab •• nc. ot 

c.llular concr ... nt •• it r .... bl •• th. end-.ao ot th • 

• artbvo1'lll 11n Ponto.ool.x cor.thrurua. 'I'b-n04l'llua 

oru.u. (Bhal.l90a" b) and Pheretiaa po.tbuaa 

CBbal.191t) • !bil aaok ln the.. .utbvora. &14. in 

the r.ab.orptlon or v.ter or or w.t.r an4 oth.r 411-

lolyed lub.tanc •• th.t pa .. dcnrn the n.phridlal canal 

(Bhal.1N?). !h •• nd-.ao ot Carc1llUa _nu and 

Pot .. oblua tluvlatill1 hay. allo be.n ucribed .ial1ar 

tuDotlon (Plonn.1a3S). It 1 •• th.r.ror., probable that 

the end-lao in the pr •• ent tOI'll &14. ln reab.orptlon of 

the vat.1' and d!llolyed .olut ••• 
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(0) Blood Suppll. 'fhe nepbr14tua. .. In all 

JUDlo14 •• 1n!t. lranlll 1a IUppl1ec! with blood bJ 

a branoh ot \be Y.ntral blood Y •••• l. r .... bllnc In 

aanr r •• peot. that obtained in IunlC •• p. (Goodrlch.1900). 

'fh. aa1n branch ot th. y.ntral Y •••• 1 .upp11e. th. 

parapodia .. weU u th. branchia. But betor. lt 

proc.ed. to th. parap041& aM the branchia proper lt 

,lY •• ott a lubal41UT branch t o the nephr141ua vb1ch 

br.ata lnto oapl11arlel on the n.phr141al bod1 an4 1. 

broUCht baok to the ,.neral olroulat1on ot the blood 

troa th •• p14.N11 (rl,.a). S.nral ot the the oap11-
t 

larl •• _ bl1o4 1n the tON ot 41,at1ona v1thln the 

n.phr14ia .. 10 Marphru .anpu..a (fucM.1907). 

Such b11o4 eo41nc caplllar1e •• mow u .. puU ... are 

ot oo.aon occurr.nc. 1n olllocha.te. (St.ph.naeD.1930) 

and han al.o be.n ob •• ned 1n Aonlcola .p. (lenh •• 1891) 

aDd Lanlc. conchll.,a (M.,.er.1888). AlthoUCh Kwer (19U) 

noted thea ln 'frayeala torbe.l1. h. concluded that their 

pOI.lbl. tunctlon aust r .. a1n a aatter ot con~.otu". 

Bow ... r. cona14erlna their lntlaate I ~uxtapoa1t1onl 

with the n.pbr14lal bod, (Krllhnan.1952). the maaber 

ot nch _pulla. coul.4 b. a cOnYel1iant .... V. ot not 

only the •• tahol1e actlyltl but the nature ot actlYl', 

ot the nepbrldlua. Wlth thll ob~.ct In Ylew ••• rial 

II 
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.eetiolla obta1Ded fl'OII a mabel' of pol1obaet.. "H 

.~ .. Snad an4 tb. mabel' of blind .n41nc 0&p111ar1 •• 

noW (!abl. XIII) .1II11ar to pHY1ou. ltu41 •• , 

!ABLI XIII. 

---------------------------------------------------------laallel' of Blind ln4iDe C&p11lal'1 •• 

8. Ifo. 
in Spe01lla 

--------------------------------------------------1 I 3 4 5 e M. & D. 

-------------------------------------.-------------------
1 70 72 12 70 72 72 71.33 

2 86 74 70 ea 72 78 71.00 

3 13 70 ea 68 74 72 10.83 

4 70 10 71 75 19 12 71.17 

5 72 72 70 71 70 78 71.17 

e ea 74 75 72 72 70 71.87 

---------------------------------------------------------
M.el 
8.4. 
8 ••• 

71.13 
2.11 

t o.37 

---------------------------------------------------------
(lrlahD_oortbi, 1963a) • 'l'b. mabel' of bl1nd .nd1D1 

oap1llar1 •• 1D!!. II'&nW ranpd fl'Oll ee to 75 v1tb 

& •• e of 71.D : 0.37. 

(d) SICHton Surrag. r.iaUn to th. 81M of 
tht VO",I 

A .tu47 of tbe .t1"\1otW'e of tb. D.pbl'141a III 

!. II'&Yllll, baa 1'.naled tbat uc.pUDI tbe rwpbro.tan, 

62 

the .Dtlr. D.pbrldlua tak.. part In tb. proce.. of excHtloD. 
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the oephPosto.e, parhap., ald. in the colleatlon 

ot the nltro,enou. va.te .at ter to be extruded out 

b1 the nephr1410pore thl'oUCb the nephrldlal oanal. 

the lencth ot the canal lap171nc tbe DUlIlber ot aelll 

8&7, theretore, be taken u an lDdex ot the excreto". 

aapac1t1 ot the Mphr141ua or &ft7 anlaal. AlthOllP 

the 1.enctb, bre~tb. and the helcht ot the nephridlal 

b04r .If 'lYe a oOlllparative p1cture (lr1tbnan, 1952) , 

lt 1. DOt .'rlat11 aaourate to take lnto ac~t 

tho.e .eotioDl ot the oephr1dlua 1Ib1.ah do not psrUc1-

pate ln the d1tterent renal proce •••• ot excretion. 

In order t~ arrhe Ilt .0118 .,.alue llkel, to be constant 

and ca.parable tor 4Uterent «enen ot po11oh .. 'e., 

the ratio between the lencth ot the nephrldial canal 

to the tength ot the VOnt vu dete".lned 1n!!. ,ravalV 

aDd 1 t aan be .ean that (table XIV) !I. g!!lJl1Y1 b~ 

a .e. ratl0 ot 1 I 0 .478 ! 0.061 and panced tro. 

1 I 0 • .01 to 1 I 0.536 In the .ilI: VON •• tudlad. 

t. Bwvlca I In Karp,.a ,ra.,.e111 Southe", tlMI 

nephr141U11 la .lap1e In tON and .tJ'uature, .1a11ar to 

that obtalned 81ther 1n Onupb1J trnUa (lrl.bn_oos-thl, 

1M3a> 01' DloP'tra Iv1abll1. (Wlpubllahad data> both 

belonclnc to the !unlcld... In all the th ..... peate. 

the nephr14tUII beloncln& to the a!xonepbrlcl1a1 type 
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(Goodrlch.l94S). conslsts ot a vide tunnel, the 

n.phroltOlle ani! a 10"1. unoolle4 naJ'l'ow canal, 

the nepbrid1al canal, whlob opens out b, the 

n.phrldlopor. at the bas. ot th. neuropod1ua. Its 

topolrapb, In relatlon to oth.r ore an .yst_ •• 11 

nob the I.e 1n aU the thr •• t01'll'. WhU. the 

n.phro.toae .1tuated olosely alone the '.ptua d1vl-

4101 two oonsequetlv. '.ra.nt., op.ns Into that ..... nt 

prevlou. to the one that contains the nepbrid1al bod,. 
the nephrld1opor. gains 1t •• xlt in the ........ nt 

a. that hold. the nephl'tdlal bod,. !b. dllpoalt1on 

ot the connectlY. tl.eue and tbe co.loalc .p1tbe11ua 

around the nephrldia in!!. IUnlI1 is lIUOb I1I111ar 

to that ob'.l"Ved in,2. Unita am ~. yar1ab1111. 

Hovev.l', the nephridla In!!. Il'mlrl dUter tl"Oll tho •• 

ot th. other. 1n th. po.s ... lon ot an .nd-sao and 

r ••• bl •• 1n thll r •• peot the n.phrldla of 0l1l0ohut •• 

(Bbal.l942. '45) and Il&D7 ol'Ulteoeans (P1oken,19S6, 

Pan1kkar.lgua>. Altboqh the pr •• ence of refriAlent 

bod1 .. and vacuol .. in tbI o.Us of the n.phrid1al 

canal point fairly to 1ta funotion as the alte ot 

filtration, 1n the abaence of &n7 .uoh ooncr.enta and 

the oytoplasll r_atn1D& wdtol'lll, Iranular in the 

ceUa fOl'lliQI the .nd-sao, 1t 11 dUflcult to attribute 

pr.o1.. a funotion to the .nd-aao in the r.nal proc ••••• ~ 
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exoretion. {Bhal (1941, '-15) uaign.a a f'uno1l10n 

ot reab.orpt1on to the end-sao 1n the Oll,oohaete. 

h •• Wle4. Wh.th.r a 81B11ar f'unoUon cOIl14 be 

attributed to the .nd-.ao In!. ltaYell1, a .tud,. 
ot the n.phrldlal phy.lo1ol1 alone could reveal. 

But t&klllS lnto oonslderat1on th. .tl'Uotural .la1-
lulU .. , lt .a,. be po.a1ble to asslgn a 81a11.,. 

funotlon, aaatlJ, r eab.orpt1on to tht aDd-lao ln 

!!. «raYelli Southen. Slnoe it 11 •• en that 

!. Irav.lrl 1. a hJpor.gulator (!!!! intra> tht 
and W8ttlt.-

iaportaDo. ot reab.orptlon ot .al t./ that alpt other-
I-

vl •• be lo.t, nted. no ruther _phalli and, perhap., 

the po •••• llon ot &ll end-.ao 11 &ll lIdaptaUoftal r •• pons •• 

Bued on olr~.taDtlal eY1deno',Beadl. (1937) 

prenaed that b,J'ponotio urine va. belnc tol'!l8d ln 

I. dberl1oo1or. lo.101na the nephrldia ot I. div .... - -
.lg010r &ad t. Qui,.i! •• " lur,.ns(li3S) u.oolated 

the tonation ot b.J'poaaotlo \U'1ne vlth tht lORI, ool1ed 

nephr1dial omal obtained 1n!. dbtrt1gg1g. end vtUoh 

proYlded .. plt .pitbtliua tor rtab.orption, treu 

lt vu a .1.pl, .ao In!. slutri!.r.. With tht 

po.ltlve 4esonstratlon ot the tunotlon ot nepbrldla 

1n tbt ol8O,egulatlon ot S,b.n, uYOP'P' (Bver a Bver, 

1943), It. taportanc. ,ained addltlonal .trtncth. 
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IrlabnaD (1988) vlthout proddlnl .xperiaental 

.. 14.nc., related the .b. of' the nephrldla ln 

LIOII'i. Ipdioa, '.r.l. ghi1kttpai. and P.r'p".l. 

mmtl. to the habltat. Ir1lbn.oortbi (1962, '63a) 

prolidecl both ,xplr1aental and .tnctural ..u.Ile •• 

to aocount tor the penetratlon and d1ltrlbutlon ot 

• 

a zwaber ot po17ehaete. ln the Ad,. ..... tu...,.. In 

!. ,ral'lyl alIo ther. 1. clrcua.tantlal .Iid.no. 

that btPoIIIOtlC urin. 11 belng tON.d (Chapter IV). 

It &I.oel.tlon ot • bi".r nephridl_ vlth the pro­

duction ot bJposmotlc urine 11 acc.pted and JlJr,.na.n 

It Dala, (1957) suspect that lt slgbt vell bat lt 11 

,"n (!abl. XV) that!1. srav.lr1 Southern po ....... 

a n.phridla whlch has .. ratl0 betvean the .xcr.ter,. 

lurtaC8 am th. length or the VON, cons14trab17 

1l1!h.r than that obtained t1th8l' 1n 2. tr-lta, 

!to ''''UII am ~. ipllah (Irllhnallloortbl,l963a) or 

D. larlabiU. (unpubl.l,hecl dats). lIhU. \be ratio -
In!. ,ral.l,1 vas 1 I 0 •• 78, th. r •• pect!l. r.tlo, 

In~ •• r_ita, 1:. aedua., ~. las.cta and ~. larlabllla 

vert d •• , 1 • 0.847J 1 I O.200J 1 I 0.3481 and 

1 I 0.367. Nov, applying th. '.tud.nt'. t' t •• t 

tor th •• lan1t1canc. ot th. ditter.nc. of two •• plt 

•• ana t ttt. 't' value b.tw •• n the •• e rat10' ot 

6b 
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'l'AlL! xv. 

---------------------------------------------------------------Ratio ot thl excNtory aurtacI to tbl lencth ot tbl 
VOl'll in 8.10. ---____________________________________________________ _ 

O.lr_it'- L.aedu..- C.1DaICta· D.var1.. !.,ravIlri 
- - - Dill.# 

---------------------------------------------------------------
1 0.810 0.224 0.3515 0.3515 0.497 

2 0.236 0.218 0.335 0.368 0.418 

3 0.2M 0.911 0.!M2 0.330 0.401 

4 0.233 0.210 0.348 0.3M 0.494 

15 O.NO O.aa. 0.352 0 .311 0.531 

I 0.846 0.2M 0.342 0.359 0.1531 

---------------------------------------------------------------
MIUlI 0.'147 0 . 220 0.546 0.357 0.418 

S.d.' 0.011 0.007 0.023 0.080 0.158 

S.I. ' !O.004 ;:0.003 ;:0 .001 :to .MO 

---------------------------------------------------------------
• taken tr~ Krishnaaoorth1,l963a. #unpulll1abed data. 

M. Iravllyi am D. variabllh Vila 0.153 ant the oOPN,pond1Dc - -
pr~babil1ty, read trom Tabll III ot 'i,hlr • Tate. (10&8) 

tor 10 4eg1""' .,t frlMdora vu . t the ~ llvel. 81a11ar 

valu •• ot 't' betw.ln!. Ir,vlly! and £. lo"Ot., betwlln 

!!. ,rAvelyl and !!. u_n., and!!.. !S1"avelll ID4 !:. aeduaa 

rlsplctivllY WIre 0.765, 1.384 and 1.588 vttb tbl oorrl.­

poDdlnc prob.bllitl •• tor 10 dl,rel' or rree4a. .t ~, ~ 

and ~. 
L 

tbe conclusion 1., tblretOrt, Irrl,.1a~ll th.t 

67 
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!. lranlll South.rn ow. itl b.ttu power. of 

o •• ooonc.ntratlon and YOluae r'aulatlon to th. bll,.r 

nephridla that lt po........ in e ... Snatlon ot 

Tabl. XV abo rw.w that the ratl0' of £. lM"ta 

U¥1 ~. uriabUl. art Ilot I1cn1t1cant17 dift.rent. 

In tb. Adyar •• tI1u7, ~. lM.gta and ~. ru1&bl11. ocour 

to •• ther nth!t. gnyalrt at Station!) (XI'1.b.Maoorthl. 

19634). fb. ranae of dlltrlbutlon of th ••• two .pecl •• 

• lewd In this Ught 11, therefore, .elt .xplanatOI'J', 

•• w11 aa the obvious ad.anta,. of po ••••• lne a 

bll1.r nephridia whlch alone c ~uld account for tbe vld. 

4htrlbu1:1on of!!. /u ' ,.llll Southern ln th. A4TU 

.. warT w th. r)SIIot1c lad.peM.nce It haa ,alnt4 

thenof. 
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CHAPTIR TIl, IOIIC RlQ9LAfIOI. 

1. Igtrgduqtlqp. !ber ...... to be 11ttl. doubt 

that OlaoUO r.11&1aUon of body flu1b in lrw.rtebrat .. 

11 •• ooadar,. to ionio r.culat1~n ('an\1n,l9..11) AI d_on­

.trated by a •• rl.. of .tu41e. on oru.taoeant (Robert.on, 

1939,'49,'53,'57,'eoa, Webb,19tO, Parry,l9M, Shav,l955a ab, 

'800, Iry&o,1980a,b a 0). Althouch oouidera1»le vork 

on 0 .. otl0 reculation 1n polych .. te. exl.t., p~01ty of 

.18l1ar .tudl.. on 10nio reculatlon .taDd. out by oon­

tra.t. Sinoe lsolated .u.ole preparatiou of I.r.i. 

41 .. r.10010£ exhlbited .ustained aotlylty in .edla as 

dilute as thI least .aline vater (Wetll a Le41nch.,1MO), 

It. powers of o .. oUo reculation appear to be of doubttul 

.urdyal value as rlCbtly po1nted out by Be.tle (1957). 

Analyainc the 1oor,an10 oOnltituent. of the bod1 fluid. 

of Aren1001a .p., Aaph1trit •• p., aDd Aphrodite .p., 

Bethe a Bur,er (lMl) aDd B1alas.Mo. (19.93) ind1caW 

an aeoUllUlat10n of potass1U11 1n the VOl'll' v1thout ex­

pla1n1nc the inherent 18pl10atlou. Col. (1940) .x.1ne4 
~dl't.;Y\..l. 

a tfIV 801" tOl'lla aDd tound that the pur.ly/.. polyohMte., 

"phitEn. bElIQD" aDd GlTo." 41brMob\ata, h.t oonalder-

abl. powers of ioo1o reculation. When Ar.o1qolt .artpa 

Vbloh haa it. body flu14 lao'8Oth with the .xt.rnal 

•• dlU11 ot .trenctb ot 44$ •• a vat.r (8ohl1.per,l92~, 

I 
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vert .xpo.eel to dllutlona, .qulUbrl_ vitb th •• urround­

lnc •• n. v ... oon •• tabU.bed exo.pt in t.. 0 ... ot 

pota •• 1Ul1 and sulphate (Robert.on,itle), R. pr ••• eel 

that it lIU11' be a oona.quno. ot th. ..leotiv. aot1Yl tr 
ot the nephra.1x1a and the oontrol ot the ab.orptlon ot 

th ••• 10na b1 the bo41 vaU. A .tud1, th.retoN, ot 

10nio r'lU1atlon oou14 throw aor. 11Cbt on un4.r.tan41nc 

th. olllOtlo lnd.peDd.no. ,alne4 b1 an millal oy.r aed1& 

ot un.qual aDd ch&nllnc onotio .tN..... It 11 alao 

po .. lbl. tbat other oa.penaatorr a.chanin tor onotio 

adjusts.nt, a., OOIH lnto pl., .. daonatrate4 ln 

81al1l lutgia (Beadl. ! 8hav,19fJO), lar ..... ot WII 

.. mti (VlI11.avortb,19BS), in Phygoian' C9U1411 and 

Aaphit,it. o'p,t, (W1lber,l9fB, W1lber! MacDona1.4,19S0) 

....: . and in PutMrtia v4rlt.ra and l!.. 4lytra1191gr 

(I.WI1au J1 Al,lMi, Duchateau-Bollon! f'lorkin,lMi). 

&T14.110.. troa th. pr.ylous •• otlona and th. taot that 

ant.rlor bit. ot MarS.a cravelll aa1nta1ned a .ustalned 

actiTlt1 oy.r a viel. rane' ot dllut. aedia (Xrl.hnaaoortbl 

! J.:rUbnaavla7,l963), _phas1sed tb. DIed tor a .tud1 ot 

lonio r.lU1at1on .. ".11 as th. r'lUlatlol1 ot 0l'lanl0 

.olut •• in th. bod1 tluid. That th. chlorid •• aN 

r.plated b1!. lPaTelli bas alr.ad,. b .. n bri.tl,. re­

ported (J.:rl.bnaaoortbi,l963o). 

7 
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B. M.terial end M,»o411 !b. exp.rla.ntal pro­

oedur. vu .1II11ar to that detailed .arller. The 

bod,. fluid. V'I" draw vith th. help ot pip,tt •• 

tabrioated trom 11 ••• tubiDl (p,.r.x) at the laboratory. 

'fh. oh10ride. vel" •• ttaated b,. the .. thod ot ndro,. 

(1931) u moditied by Robertson I W.bb (1939). In 

prinoipl.. the tnloluabl •• ilv.r lodat. r.aot. vlth 

the ohlorid •• pre •• nt to fora lnaoluabl •• 1lv.r chlorid. 

and lolaabl. 104at.. 'rOIl tllil iodiD. 11 llb.rated 

am tl trat.d vi th 8od1ua !hloaulpbat.. 'rb. Volhard I • 

•• thod ot titration V81 di.oarded In favour ot thl • 

•• tIlod siDo. tbe .nd poiDt b.ina Iharp. oould be .ui11 

d.t.oted. A •• pl. ot 0.1 .1 ot bot,. t1.uid .1Id. up to 

1 III b,. the IIdditlon ot Clasl-distl11ed vat.r. vu 

transterred Into a 100 .1. .tandard fluk ard IIl1I turther 

.ad. up to &Oal. Into thl1 lolutlon 15 .1 ot Pholpborl0 

ao1d ot _ Itr.,th vu draw trt)JI a bur.tt.. 'fo the 

lolutlon .nouch .11v.r lodat. vas added auoll that aft 

.xo ... ot IUver iodate vas al'411 prea.nt ¥b.n Ihaken 

vell. In praotl .. go to 30 .. ot .Uv.. lodate Val 

found quite .ultablt t o brine about th8 d.lired r.aotion. 

Wh.n froth Val prel.nt, a drop or two ot oaprrUo alcohol 

(Oetonal) .. .ucla I ted br Robertlon I W.bb (1999), con­

trolled it. foraation. SiDe. pol1oh .. t. bod, fluidl 

conta1D Del1ilib1. quantiti.1 ot prot. in in tbeir bod,. 
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, 

tlu14. (Robertson a W.bb,l939) , the ~ea tor add1nc 

oapryllc alcohol aro •• ~n17 rar.t1. Atter .baklo, the 

.olutlon thorouchl1 tor about 10 .inat •• , 1t Val made upto 

100 1ll and tilt.red with Wbatllan FUt.r PaP8r Xo.2. 

To 10 1ll ot tllt.red .01it10n a t .. drop. ot ~ Pot ... lua 

Iodld •• olution, \0 liberate the 1odine, vas ddta and 

titrated with 0. 55 odl1111 !h10.ulphat., nth a r .. drop. 

ot ~ .tarob .ol~t1on .. the 1ndicator. 'rOIl the titre 

.,alae, th. IIIOUDt ot ohlorlde. present Val oalculated usin, 

the tonula. Cl II a It If It 29.67, vnere 'a' is the titr • 

.,alue and 'll' the DOl'IIal1ty ot the SodlUli 'rM.osutphat • 

• olution a.ed. The chlorid • .,alu •• 80 obtained are In 

8, per 1ll. Slana v r. run. Th8 SMI. 'rhl0.ulphate 

.olution Val .tlU¥lard1ae4 sa .ugge.ted by (Hawk.u .I1,l9M). 

All ,. .... nta uta vera ot Analar ,rll4 •• 

8041_ and Pot .. l1_ vel" d.tel'lline4 on a Z.lss '1 •• 

Pboto-•• ter. ~c. pr.lla~n&rJ' •• tlaatlona hll4 .hown 

that a a1n1ll_ 41lution or bod, fluid. to 200 tla.. v .. 

n.o ... ." to 1'.14 It on the .oal. ot the Fl.. Photo-_'''' 

aU d.t.rainaUons vere .a4e on •• ple. (0.05 at) diluted 

to aoo t18... Standard ,raphl pr.pared f.a. •• tlaatlons 

on .elutlons ot 8041_ and Potu.ium ot known conc.ntrations 

and .lallarl, dllute4 to 200 tla •• , tora.d the bub to 

arriT. at the concentrations ot 80eU. and Potu.ala 10 the 

.. nknown •• ple. ot bod, fluids. Blanlta vel" rUD. 

'1~ 

• • 

• 

, 
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'1ot&1 'r ...... t.nd .&eU. vere detera1W by tbe 

eolorllle"'10 .ethod of BU'41Dc A MacLean (191e) lD 

p .. terenee to the .0r;'laborate .etllod of froll A Cannan 

(1953) •• lDee 1t hid the addltional lIII"ant .. e ot be1Dc 

both qulot and le •• euab.r.aae. 8p.att.nl or tbt. •• etb04, 

Bloot A W.i •• (1956) oomment (p.29) -tb1 •• xeelllnt •• tbod 

h .. been 1 ..... 11 ror,ott.n-. Th ••• tbod la .. tollova. 

to 0.1 .1 ot bod, tlu14 .ad. upto 1 .1 br IIIld1Dc 11 ... -

dlaUlled vater, 1 .1 ot l~ qu.oua '1I'141n. and 1 al 

ot _ aqu.oua lflnbJdr1ne are added. The P1l'eJ: te.t tube 

contau1na tbl. .olution 1a plulled vl tb ootton and placed 

1n bd1llDc vat.r bath for ao a inute. , when the .01ut10n 

d.".lop. an .. b.r colour which .ta, •• tabl. tor ahout 

12 bra. 'then lt 11 cool.d Wei' runnlnc vater. 'the 

oolour lntend t1 ¥bieh h dependent upon ()le .. ount of 

t .... .. lno aold. pre •• nt, 11 read ott on a U1fICAM (8".800) 

Speetropboto •• ter at M5 p. Standard ,rapha WIt... P"'-

pared vith r..uo1ne .. lU"e.ted b7 Green A atablaann (1955) 

u4 CO"ll11 A Pard .. (1 51). Bllllllu vere run. 

3.1 RtlUlation ot Chlorid •• s a •• ultas 'lh. re.ult. 

ot a .erl •• of .xperlll.nt. to und.r. ~and th •• xtent of 

r.lUlat10n or chlorld •• vb.n!. gra".lll 1. .xpo.ed to 

.xperlll.ntal sedla of "&I'71nc oonc.ntrat1ou ar.. arued 

in fable XVI and rep •••• nted 1n '1,.11. !b ... an oblorlde 

.. 

. , 

• • 
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To lndlcat. the relatlon between the bad7 rlu14 Chlor14.. <call> 0 

and the external .elll. or vaJT1nc .al.1n1tl... 'l_p.1 a?5 Z 0.5 C. 
Rallb !)ol!lt is the .ean or 3 to 12 •• tlaatlona. Th. Un. ru!ln1Dc 
dlqonal b the 11M ot iso8lllOclt7. 
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axp.rla.ntal 
Med1a. 

Chlorid •• 
in IIMIl 

5.M 13~ 

8.58 1~ 

10.80 2M-

14.80 333-

15.30 34P 

1e.90 35P 

18.40 39P 

19.50 4M-

21.SO 493-

t 
\ 

•• 

Chlorid. Valu •• ot Bo4T Fluid 

1 3 

0.80 0.65 0.80 

0.70 0.70 0.75 

4 

Titre Yalu •• 1n CC. 

6 7 8 

0.85 0.85 0.80 0.90 0.85 0.90 0.85 0.90 

O.M 0.90 1.00 1.00 0.95 0.95 1.00 1.00 

9 10 

0.75 0.75 0.75 0.80 0.80 0.80 0.75 0.85 0.80 0.85 

0.70 0.70 0.70 0.0 0.75 0.75 0.80 0.80 

O.M 0.95 0.95 0.95 0.95 

1.10 1.05 1.15 1.10 0.90 0.90 0.90 0.90 

1.10 1.05 1.05 1.05 1.05 1.00 1.05 1.05 1.05 1.00 

0.95 1.00 1.00 O.M 0.95 0.90 0.95 0.90 

1.15 1.10 1.15 1.15 1.15 1.15 1.90 1.15 :.~5 1.00 

, " 
• 

1'able XVI. BoctT tlulct chlorid.. in pll and IIIMIl, atter .xpoaur. QY4."! 

·Calculated tra Barne., B J •• xp. B101. 311 582-588, 

. y 

12 

.80 

ot .xpo.ur. to Bzperlll.ntal Med1a 

Chlorid. Yalu.. 1n 
80. ot 

a.t1 •• Uou. 

M.an IIMIl pll •• ct. •••• 
0.65 272 9.64 0.011 :0.005 

0.72 301 10.68 0.029 ;to.01e 

0.86 

0.97 

358 18.7e 0.011 ~.004 

406 14.39 0.014 +0.005 -
0.80 335 11.87 0.014 !O.OO4 

0.73 80S 10.83 0.017 !O.OOS 

0.95 397 14.09 -
1.00 418 14.84 0.035 !O.012 

1.04 435 15.48 0.009 !O.OO3 

0.95 397 14.09 0.012 to.OOB 

1.11 464 16.46 0.021 to.OO6 

o 

3 

3 

• 
8 

12 

8 

5 

8 

18 

8 

12 

104 ot 94 hour. to h.t.roaaotl0 .ed1a. T .. p.:27.5 + 0.5 C. CENTRAL  
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Value. ranced tl'oa m IIMIl (9.M pll) to 4M .till 

(1S.46 pll) in aniuta expo .. d to Mdla ot .treqthl 

ran,1nc tro. S.~ to 2a.~ who.e obloride value. 

vere re.peotiYe17 137 1IIV1 and 5M raM/1. 'fhe bod, 

• 

tluid ohloride. are .ainta1~ at hicher level. ot 272 

mM/l, 301 IIMIl and 358 raMll in the r .. peotive external 

concentrationa ot 137 l1li/11 197 IIMIl and 2M "'1 (ric.?). 

llthoUCh it 11 .till at a M&h level ot 40S raMll, in a 

aed1 ot 333 1IM11, 1t r.pr ... nts rather a ]a r,e devia-

tion tl'oa expected value U oould be •• en clearly trca 

the 'i,.17. In the re.t ot the d11utiona tl'Oll 15.3~. 

(MS !IlVl> to 25... (5&& IIM/l), the bod, fluid chloride 

value. ranced tZ'Ola 335 5«11 to 464 1IM11 re.peotiYe17. 

'fhe vel'1 toy bod, fluid obtoJ'id. value ot S05 1IMI1 in a 

lIIed1UII 01' 1S.2QC. (S58 Sf/l) .11II11ar1y 1 •• lal',e departure. 

'rhes. tvo lieputUl'.1 aay han been due to the p"71101011cal 

CDDdltion of the vo .... , althoUSh th.y ".,.. aparently vell 

100kinc vben eho.en tor exper11llentat10n, tor Ch1-lqQar. 

test. 1ad1cate a probab1l1ty <1$ and, theretoN, coul4 

not bs .latak.. due to eXl\eria.ntal lIroce4ur.. Ixc,pUne 

tor th ••• two d.partuJ'e., that the chloride. are be1ne 

maintained at a steady level irrelpective ot the external 
p 

concentration 1s allO clearly apar.nt trom the , •• ultl 
~ 

'. 

pres nted. I n ~ther verd., in b.yposaot1c med1& tile 01110J'1d •• 

of the bo4y tluid are held hi'h, vbil. 1n ~ro .. ot1c ae41a 

the,. .... lOVe 

'7' • • • 

... 
• 

, 

• 

, 

• 
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J 

I, 
• , ~ . 

3.9 R.eatlon ot 8041., a •• llltll !h. So41ua 

content ot bocl,. fluids ot ¥Ol'U .xpo.ed to 5 41ft.r.nt 

.xPlrta.ntal aed1a Yll • • 9 ••• • u.od • • 16.1~ •• as."'o 

aD4 97.3_, • ranced t!'Oll SIO IIMIl C1tS.1~. ) to 285 IIMIl 

(97. _ . ), u 11 .ddent troa 'labl •• mI and XX. and 

'1,.18. Sodlua oontent ot tbe .xt.rnal ae41a ranced 

troIS 142.15 !!IM/l to .15 .MIl (table. XVIII' XX. rl, . 18). 

• 

The two low value. ot 90 mM/l aM 135 !IIMIl obtained tro. 

bod,. t1u14. or V01'U aubj.oted to tbe .t ....... ot external 

.edla ot 16.10.', ard u.odo, aa;y be attrlbuted to the 

phy.l010Cloal condit1on ot th. aniaal prior to it •• xpo.ure 

to experlMntal .cUa (probabil1ty <1$). BOQy.r. that 

th.re 1. an 1ftcreu. in the .odiua oontent vi th th. in­

cruse in tba cono.ntration or the ext.rnal lIedi. 11 

.v14.nt. Also, .xcept 1n the love.t dilut10n ¥ben the 

.041 oont.nt of b?th the body ttu14. and the .xternal 

a8t11ua are mllre or 1 •••• tallar, th •• odl1111 content ot the 

bod1 1'1u14. 1'1 the rest Ilt the expertaental .edla are le .. 

than that ot the external medl1111. 'fhi. further aupporb 

the vlew th"t thGl'e 11 a r8cu18t10n or N. lona. 

3.3 a.culatioD ~t Potusiua' a.aulta. '!'h. potudua 

CI) otent 1ft the bocl1 fluid. or ¥Ol'lLl aubjeoted to l1a11ar 

41luUoDl a. 1n the pHyloUi elq)eriaent raDIed fl'Oll 18 IIMIl 

(16.1~.) to 36 11M11 (27.3&C. ). The low value ot 18 11M11 

• 
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~ • 

". ,\ 
.~ 

F~ / . . ' I~ .' .. • • :.. '. , 
\ , 

~ 
~ 
• 

" J, r 

BOor Pt.UlD - Pl ... Photo Meter ae.slDl B~~::~~ ____________________________ ~~~ ____ ~~~ ________________________________________________________ __ 94 boura .xpoaure to Bsperl •• ntal Me41ua 

R a Oontent ot 8.ple 

•• 
5 8.eo eo 55 4a 49 41 49 44 

30 U.04 48 41 44 

eo 18.10 31 30 38 33 33 aa 31 35 34 

10 U.18 41 a 50 sa 81 

80 11.38 11 81 ae 14 • 84 

, ... 

Me~ a~4. S.e ~ 

48.go 4~ 0 !1 •• 

45.:00 1.00 ~.58 
;;. 

33.33 ~. !G." 
51;80 8 38 ~.S!O , , 
a.a eo -ta." -

'fable XYII. • 
'fo ln4laate tbe Ra aad K aonten' (.MI~ ot~ b04F tlu14 , 

.j , 
· 

K Content ot 8.ple 

1 3 4 1 1 8 9 MeaD 8.4. S ••• aMll 

100 140 118 84 81 915.01 H.83 +10.18 a8 -
90 80 85.00 1.01 % 5.00 14 

81 8a eo 4Sl 88 88 81 88 88 84.33 3.48 .,. 1.18 - 1.-

81 102 101 130 lA9 11a.40 22.13 !10.oo 33 

83 145 133 98 193 144 190.83 a5.34 tll.31 38 

aubJeate4 to .edl& ot 41tterlac o.sotle atre •• over a perlod ot 24 houra. 

esp.ated value.. But tile probabl1tF (Obi-square te.ts) 

1 aoadltlon ot th. aniaals prlor to .xperl.entatlon. Dllutlont 1/900 
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~ .' . . . 

~ 
,. 

t t 
i , 

• 
~ .. 

I 
<-

• zper1ll.ntal Mediua -
Strenctb. 

Init1al Ifa Cont.nt ot S .. pl • 

•• 1 8 3 4 8 6 7 8 9 10 M.an •• 4 ••••• 

25 9.80 35 41 41 38 398a 44 88 58 88 47.40 10.n ;ta.44 

30 11.04 188 68 88 87 eo 80 8e 70.14 86.03 '.U 

50 16.10 58 ea 6888 89 7t! 7070 70.64 8.73 ,.09 

70 28.78 146 110 108 Be 110 " 108 108.6 17.47 +7.10 -
80 97.3. 1D 100 as 88 100 90 ""N ".33 , 

'labl. XVIII. 'lo indicate the Ifa content (aMll) ot the ezper1llental •• "1Il'1III 

'la,.i 28.0 !O.8° C. Dllutloni 1/200. 

r 
I 

~ 

.. I 

• 
, 

1 

'DIn 

•• t.r a.841n, I.M/l • 

"iDal Ifa Cont.nt ot alUlpie 

1 2 3 4 8 6 7 8 9 M.an •• d. •••• WIll 

- - - - - - - - - -
76 89 66 158 69 81 87 81 71 65.22 6.06 +2.02 218.0 -
78 86 78 46 58 74 72 70.14 12.80 !5.10 237.8 

95 92 100 128 92 100.18 13.90 ,.22 380.0 

100 98 98 105 111 100.67 6.31 +2.88 362.8 -
d1tteriD, .al1nit1 •• both betor. and att.r the exp.rla.nt. 
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It·~rt~ " .. ' 
~ • 

• ., " 4_ to .... 081 ottUM to. tb. loy yalu.. or 
.041_ 1n th. pNY10u .xpe.ia.nt, .1111. th. • .. 

bOIl, .t'1u14 tol'lHd tb. b .. l1 to. U ••• tlaation. Aa • 

1n tbe pNYlou .xpe.la." inOH". In th. potull. 

oont.t ot til. bo4, tlu14. vi tb inon .. 1D1 oonca. 

, •• Uona ot tIM .xternal. ae41a, 1 •• 1Iillu to tbat . 
ob •• ned to •• 041. (tabl •• mI, ux a xx, 'l,.lt)' 

BOWY •• , un11b .041_, tbe pot .. d. oontent ot tbe 

h04, tlu14. y.. alY.,. bltbe. than tbo.. ot th. IX­

per1aental ae41a (tol. n, fl,.lt). • 

S.4 "pl!Uon ot total t .... Aalno .. 14.. "alta • 

1M total me _tDO &014 oontent ot till Wr 

tlu14 ot 110'" .xpo.M to .xpe.laental aMla ot •• UnU, 

yarrllll tro- •• .,.. to It •• , raDlM tro- iO,4ll!al 

\0 st.All/al OM.inM ill the H.P"tlY. 4Uutlona ot 

I."'. aid 11.... . A p.o,HlIl .. inon ... 'in till .lno 

a.14 a_t.nt ooul4 ." ... n (tol. XXI, ,~,.'IO), aU 1 

a 4Uution ot 21._. 11 H"'Id. In 411uUona ",0114 
11.tIf., • tall Yal noUoM _, pe.bapl, the ... ban' .. . 
o ••• ohanlau H.ponalbl. to. til. lnOHU. in tbe 

love. 411utloaa, brean 4cnm aDd b.oe, a 4OWD-Y ..... 

, •• DIt. In oth •• wort.. til. lnOH... ln tile .1110 &014 
, 

oont.t ot th. 1»04, tlui4. upto &Il .xpe.laental •• n_ 
ot ~l."o , 1. a tuDetlon ot tbe o-.otlo ........ ot 

til •• Mla la,o". 

• 
I • 
I ... : ... , '\ • . . , • 

• 

( 
;' 

• 

f·' , 
• • 

-I • • 

.... 
• 

.. 

t . 
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. ~ 
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• 
! 

Str.n tho 
Init1al It Oont.nt ot s.-,l. 

1 3 4 5 e 7 8 9 10 

25 9.60 29 37 36 2tS 39 30 29 91 25 

30 11.04 48 31 39 SS 36 34 45 36 38 

SO 16.10 48 43 53 44 47 47 5 

70 25.76 43 44 54 80 50 

80 97.36 98 76 M 52 51 54 55 53 59 

.d. • ••• 

t 

~.83 15 •46 !l:' 
37 .. e8 15.24 +1l58 

4;.20 3.07 ;.08 
56 00 i5.00 +8.70 -

'labl. XIX. To 1ndioat. th«l It Content (lIMIl) of the .xpert,mtlntl 

TempI 28.0 !O.S<C. Dilutionl 1/200 

h01~o-.e1t.r R • .sin, /.xIl. 

123 456 7 8 

- - - - - - - -
~8 37 40 36 31 34 34 

36 49 39 39 47 48 36 38 

E7 60 50 38 63 SO 51 

41J 157 158 43 42 80 66 

M.an •• d. 8... aMl1 

-
36.71 5.70 +~.90 9.26 -
41.38 5.98 ! .11 10.75 

59.43 9.90 t3.78 14.98 

51.57 0.04 t3.42 13.75 

a ot ditt.rln, salinltl •• both b.tor. and att.r th •• xp.ri •• nt. 
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I 

~ 
BlCPlRIMU'fAL 

St.eneth. Initial lIa Oontent Pinal lIa 

• .0 Mean aMll Mean 

25 9.60 47.40 149.5 -
30 11.0-1 70.14 240.0 86.m! 

60 18.10 70.64 242.5 70.14 

70 15.78 10B.ao 390.0 100.18 

80. 27.38 98.33 342.15 100.67 

Table XX. Conaolldated atat .. ent to ahov 

.xperl.ental .edla of cUffel'1nc .al 

• 

tlal X 

18. 

oaption to Table XVII. and alao the n:1.n. Dl .......... ... 

IIIM/l. 

BOD! PLUID. 

J[ Content Pinal If a Oontent Pinal J[ Content 

"'1 M.an aMl1 M.an JIII/1 

- 48.00 180.0 95.07 8.0 

g.a5 415.00 135.0 85.00 114.0 

.38 10.75 33.33 90.<>- 64.33 lB.o-

.43 1".25 151 .80 183.0 119.40 33.0 

13.?! 82.33 985.0 120.8.1 6.0 

lt ll and It Content. (1IMI1) of the bod,. tlu14. and 

-"or explanation of th. low valu •• , a.e CENTRAL  
MARIN

E FIS
HERIE
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OCHIN
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.xp.riMntal 
Me41_ 

_0 

ao 6.7 

30 10.1 

50 15.9 

eo 19.4 

70 81.8 

80 85.7 

10 ag.a 

'fabl. XXI. 

r 

Optical D.ndty 

1 2 3 4 7 8 9 

0.068 0.050 0.118 O.ON 0.~1 0.()80 

0.117 0.174 0.170 0.a18 0.818 

0.845 0.400 0.a70 0.800 0.335 0.297 0.H5 0.1150 O. 

0.388 0.997 0.310 O. 70 0.9$7 0.,10 

0.810 0.355 0.30a 0.~15 O. $5 0.885 o.sea 0.400 O. 

0.310 0.818 0.299 o.aea 0.380 

0.115 0.187 0.810 O. o 0.127 0.195 

'fo ahOY the total tree 

o • .otlc .tr •••••• 'f_p. t o a~14. leYel. (~cc) 

2 .5 + ' 0.5"0 Dl1utlon.1I -

, 

'fo'a1 Fr •• 
_lno a.14. 

M.an •• d. •••• ln foc/e •• 

o.oa 0.073 !O.030 10 

0.808 0.183 !O.OM 18 

0.a5a 0.938 !O.O70 aa 

O.S08 0.081 !O.084 

0.383 0.181 !O.057 aa 

O. 88 0.178 :0.077 87 

0.177 0.148 !O.O58 15 

1»04,. tlu14. ot yo .... ezpoao4 to .041& ot d1tt.r1D.c 
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• 

". "Vlgn !b. onl1 pol1ohute 10 wbiob 

ohlol'14. ,eplatt n hu been extenslnl1 ltu4iec! U 

1.1'.1. 41!!Elloolol' 0011.ote4 tro. Mil lport, fy.,.tnnj, 
• 

Ia.t~o1'4 lad tIM Uppe, '''I' S.tu.., Chlth,l9550). 
" 

tl'''.1nI polot ot !. 41yt,aigglg, tl'Gll n.l, bu 

tallec! to Ih. the oblol'14. o()ntent ot itl bo4r tlu14 

OY.I' ltl I'IDI. ot tol.1' ot th •• ~rDal ae41ua. 

Bown.I', lt oould be oaloulated. 'fb. oblor14e 00. 

latorr pbu., tl'Oll 4.10 call to 10.15 call at Mlllport, 

3.35 to 0.150 call a' fy.,.lMe, 8.5 to 8.06 call at 

h.t~o1'41 8.38 to 9.40 pll at th. Upper ! .... '.tuarr 
and tl'Oll 7.10 to 18.80 call at net. In oth.1' V01'41 

tb. oy.,aU rMl. ot oblor14e oontent tn th. bo4r nu14 

ot I. 41Yel'.lo0101' Y&I'l •• fro. 3.88 to 10.15 call or., -
It •• ntlre I.olrapbloal 41.tl'lbGtloB. Werel. ltanloola 

a 'lother Mrei4 pol1obute, alao hu a oblol'14e oonten, 

I'anllne tl'o. 4.0 to 10.80 call C8altb,lMO, troa '11.12). 

100. !. 41"g'9919' 11 a hJperr.platol', a 00.P&l'1Io 

ot ohlorUe nWI obtalned ill!. 41urti901or vlth 

that obtallled ill! •• raulti, Mini a bJporeplatol' 

and an l unlo14, 11 Itl'1otl1 DOt teaab1e. BOVeY", th. 

oblol'14. Yalu •• obtained ill!. IraY.lr! Y1I., 9.et to 

le.48 call, are rath .. bleb and .... 0101. to oblor14 • 

• 

• 

11 

• 

• 

, 
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Yalu.' obtained tor !. 41y.r .1Golor fro. Il.1 ( ebl1.per, 

1919). 'lnce 1o!. 4i •• r.lo010r, reculatloa i. r •• triGted 

OftI' the lowr ranee of 411utlona, the lov.r ohlor14. 

yalu ...... e .. tbe1 Ibould be and UD4.r.taJdabl.. P.rba. 

tbe hleb ohlort4. nlue. obtained In M. ,r.Y.l11 11 a -
hO ••• ..., oou.quenoe ot it beiDI a bJpor.culator. 

1 th (l95Sc) vlthout UJdJ11 parallel 4.t.ninationa 

ot the 4.pr ••• i on 1ft the tr ••• lna polnt and the corr •• p n41n1 
ohlor14. oat.nt ot the bod, fluld 4villl it. (J. 41v.rl1--
oolor) "platorr h.... .up.ote that the ohlor14. OOU­

oentratlon • ., not parall.l the o_oU pr ••• ure ot the 

ooeloaio fluJ4 ••• ,eoiall1 at tow .aliniti... COQarlDl 

tbe o .. oUG pr •• sur. ot the bod, tlu14.' obtaiued 1ft!. ,rayel71 

(Chapter IV) vith • ohlor14. nlu •• , the conoluslon that 

th.r parallel • 
, 

oth.r 1. lrr •• i.tabl •• 

'lb. Med tor .tu4te. on iouio rep1aUon ill aulaal. 

att_pUnc to Innde r.,loDa other than th.,. are nonall1 

cu.to.e4 to, 1ar,.11 r.&ined in the baoqrowd, althoUlh 

it. laptrtan.oe v .. rnUled. An att.pt in th1l direotion 

Val .114 ... rr .ar~ b, ahU.per (1919) 1ft k.Q1qgla aVlp. 

aD4 later bf Deb • B.r,.r (19C31) am Bial ... ev1o. (1 ) 

In .\r.Dio01a .p •• Azaphitrlt •• p .. and Aphrodite .p., and 

VII 1210 •• 11 folled br Col. (1940) 1n .a.. .01'. ,.n.ra of 
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po11obute.. Bowev .... th., hardly f orced noh. apart 

fro. prOYi41DC a oatalorue of th. iDOrsan1c oonatituent. 

ot the bod1 fluid. of tb. arWIal.. It 11 to iI.bb (lMO) 

Wbo in a thoqht proyoktna paper on QuglM' "'n". 10" -the oredit of givlnc an lap.tua to thl. upeot. In a 

.erl.1 of paperl Robert.on (196 ,'53.' 87. 'eoa> "OUCh' 
to l1Jht not on~ the .d.teno. of ionio relUlatlon 0lll 

lov.r inY.rt.brat'l but allo lnt,r.p.ctrlc dltt,r.nc.l . 

!b. r.lulu prel.nted h.r ••• trlctl:1 are not co.parabl. 

with thole obtained b, Robertlon (1961.' 5.1). for the ... 

thodl followed Uft.r with .ach other. WhU. Rober Ion 

(19011. '53) •• t1aated the lnor,anl0 oonatl tutentl of the 

bod1 f luid. both before and after 41&11111. in the pre •• nt 

inY •• ttcation ~loal anal7.e. of the bo4J fluidl obtained 

u luoh atter ,xpolure to experlaental aMia. vere alii. 

without 41a1111,. . Bovenr, it vu ... n that all the 10111 

.tudied dl., Chlor14e •• SodlUli and PotaulUli. iJUtreued 

with iDor.ulne oono.nbatl n ot the external .edi_. 

t h. aoouaulatlon ot potu.iua oeed. nol further .xplaiDlnc, 

alno. it 11 ot o~on oocurrence (Robe.t.on,lMt, '531 

P arl'1, 1953, ' 54) • Whether th. 11l0.eu. ot a041_ ard 

ohlor14e 11 allo a cue ot aocuaalaUoll, perhap., 41al:1alnc 

experlaenb a •• u" .. te4 by Robert.on (1M9) .q provide 

the anaver. BCMtver, that iD!. cunlrl, .elUlatloll 11 

extended to all 10na abou14 be ... 1 tted, lt the ratlo, are 

7 
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• 

oou1dued (!able XXII). Altboup the Cl value. 

!ABLI mI • 

----------------------------------------------------------------r1nal OoooutJ'&Uon <-MIl) in 
Ixpt. 104, r1u14. 

Me4lua.'--------------------------------------------------------, a 1 u • •• R a , 1 0 •• _0 _______________________________________________________ _ 

Cl. la. E. la.Cl. 1.01. I.lla. (latCl). (I+Ol) 

-------.---------------------------------.- .-------.-----------
'.eo 301 150 all" 1.U 1'5 

(197) (142.5) (7. eo) 

----------------------------------------------------------------
11.~ S5I 135 M 1.S 1115 115 111.3 

(ee) (15) (.75) 

----------------------------------------------------------------
18.10 305 to 11 113 

(358) (137.5) (11.5) 
1.17 115 1I1.a 

----------------------------------------------------------------
15.7' 461 183 

(556) (eo) 83 
(lIS) 

1.3 lIW 115 111.1 

----------------------------------------------------------------
(f1cVe' in bruket. are ya1u.. of ""r.0tb. 10Jll 

pr ... ot 1n th. .X])erlautal M41a • 

r&Dled froa 301 1IIIV1 t o 461 1IIIV1 aDd tb. la yalu •• ranced 

boa 90 ... /1 to 113 ... /1 in tbe four np.pla.tal .ed1a 

cho.en, 7.t vIlen the ratio. of C1.la 11 oOJll14ered, 1t wiU 

b ••• eft that 1t 1. alnta1ned at 113. 8lallar17 the pat10' 

betw •• n I.C1 1 • • alntalDe4 at 1'11 to 1'17 and the ratl0 
e 

between I'''a 11 .... arkab17 conal.t.t at 115. IYen wilen 

th.7 are oond4.ped to,.ther, 1 t 11 •• eft that th. patio 
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between CfaiCl) I (It.cl) 11 auntdned at a taUlY oonatant 

tl",". It II, theretoH, p .. obable that suoh a altuation 

11 a OOI1Iequenoe ot tteplaUon ao4, p.rhapl, 411e to aow­

nla1:10n ot ba. 10111 1n the body tlu148. In the 11.ht 

at the •• r • .alta, the ob .... vatlon at Robertson (l96g,'53) 

that onlY ill deoapod 01'l1ltaoeana an aocuaalat1on ot aoUla 

an4 potaaliUll cwul4 be poulble, oannot be allpported. An 

aocuu1at1on ot aod1ula 11, perhap., net po.dble ill 

Ar.nloQla .uiDa C.tur.:ll • .t b, Robertaon,l96g), which 11 a 

puel1 .... 1Ile .pede. and Whlch ahow. tole .. attol1 at redl1oe4 

.&lint tie. onr a relativ.lY narrower rUle. VeDiqgl. 

.Vlpi la. thereto". oert&1nl, not a 1004 0110108 to 

leneraU.e that .. eplatlon ot 1041_, potu81_ m4 chlor14e 

11 re.trlcted to onl1 .. ber. belolllinC to Orustacea and 

Cephalopoda, aId that polJchute. lack the ablUty to. 

replat10n 01' the.e lona, tor ill!. Iravlm rel'11ation 

ext8114. to all the three lona .tudled. 'lbe .. o!uan1 •• 

or •• chan1a.. relponalble tor thb replaUon 11 ob.ol1l"'. 

Perbap., the exo"tol'1 ol'lana pl&7 &'''1 iaportant role. 

Until aor. retined technlquel tor the coll.otlon ot urtne 

in polJohute. are 4eYeloped, the que.tion at the put 

plaTed by nepbr141a In the oona.rvation ot the ••• alta 

autt r_&1n a .. tter at .peculation. 1'l1I"tber, It "­

poadbl. that .odlua!ohlor14. 1n !!. UIV1m 11 beinl taken 

up b, vell deYeloped branoh!.. d tu.ted alone tbe vbole 

leneth at tbe vo .... 

• 
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81Aoe chloride. are the aaJor lana 1n the bo4J 

fluid. at an1aal. (Rob8l't.Oft.19S3), it a., be ... U1114 

that it contribute. to a aaJor Pal't at the oao1:10 

prellUH. It y .... n earUer, that the chloride .UM. 

parallel. talrl1 ".U. the 4.pr •• l1on in the tree'lIla 

point or the bo4J t'lu14 1n!!. paYell1. Bovn •••• Yen 

thl. Ion 4oe. not sat. up all the o-.otl0 pr.l.ur. need84 

to keep It on a par yUh th. o_otio pNuur. ot taw 

external s.d1_, e.peel.lll when .xpo .. d to a841a ot 

hleb ... aOllOentraUona. Perbap', 1t doe., in the lover 

411ut101l1 ('lC.17). aeoent work lndleate. that, the 

orlanlo oOllltltu.ntl Uke the _ino acid. (Br1eteu" 

01'.101 ... !! ~,196ll Duohat.&I1-Bo .. on.!! .Il.19811 

Duahat •• ~Bo •• on. rlorkin.1961) &ad th.,l1oo,.n 

(Wilber, 1MB, W1lber. MaoDonald .l9S0) al.o h.lp 143uat­

sent ot th. oaaotio pr ••• ure. the rea1l1. ta pre •• nt84 h .... 

On the r.culation ot the total tr.. ..lno aoid. 1n 

1. crg.lyS, 'IlPPOl't .uch a view .ino. a ProCNllb. in­

cre ... ot .. lna 014 oont.nt with inor ... 1ns oon ent.atlon 

upto a point, 1s a ol.ar proot I)f . uah a po .. 1b111tT. 

J eun1auz .t1.!l (1961) &.'1d Duellahau-Bolson. a "larkin (11tl) 

ha.e Ibown that .uch l!'1 adjult!lent althouSh pre •• nt in 

.r.o1001a aarlo& and Perin.r.ll o~lt.ra, 1. not .0 

well denloped .. in the 80re euryhal1n. 11 .... 18 41Y.nlo0101' 

¥blob oDoreplat.. better thm the tvo prft'ioul1 anti e4 

82 
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pol,ohaete.. In other word., 1n!. 'l'a.e1r1 Southel'll, 

the.e 11 not 0Ill1 o_o,ef\llaUon of the 1»04, f lu14 W, 

alIo 1fttraoeUular 143u nt, naH.eel at leut partl1 

br 1I(1'D4 obaqe of oOllOutraUon of 1fttr.oellular fr .. 

.. ino .old.. PreU"1Ilarr re.ult., b1 ohroaato,rapbl0 

.ep'l'attm ot It _1fto aold. ot the bod, tlu14. 

(unpubUshed 4ata) bave thoVll tb"!. "anlYl .., ". 

regulat1q ,l101lle, 11.11ar to that .eported 1ft 

Aren1001a aar1lla (Duohatuu-Bo •• on et al,1Ml) aD4 --
Per1De"l. cult.lfera aDd lerel. 41.e,.100101' (leunlaux et al, --
1N1). 

• 

" I 

• 
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CRAPDR nlI. qQl!CLUsIOl!S. 

Mars .. ,rax-ltl Southern, an lunloid Polycba.te, 

.. r.y.a1e4 in th. pr ••• nt lny.,tllatlona, pr ••• nt. 

t.atv •• ¥blob are both co.on and uniqu. 1n polychute 

pbJl101011. Lib the oth.r polycbute. Jmovn fl'Oll tb. 

Adyar •• tuary Yia., Glro.ra IIbrepabi"., Opupbi ..... is., 

Loili.lII4uII, alDep' 1allOt. (Erbbn_oorthi,19l2) and 

Diopat,a TlP1Jbili. (lritbn_oortbi,l9S3b), I. ""'lyl 

&1.0 tol.rat., aedta ot tow. red .al1nltl... But unlik. 

th. other. ! . .,aYelll vith.tood a .aUnlty raDI' u vid. .. .0 to Is,(, , ¥blob i. .xaotly th. rans. oyer whlob It 

11 d1ltrllNted in tb. Adyu tltulUT (Ir1lhn -oorthl,19S3d). 

Matoblnc vith It. capaclti •• tor tol.ranc. of reduced 

.alint aedla, &J't It, abl11tl., tor voluae r.l11lat10n. 

fbl. f.atur., 1t ,bar •• vith ao.t n.r.1d, Y1a., W.l'Il. 

dlY'J'.loolor, ,.r.n.r.l. oultr1t.ra, •••• 1. Yll'1n1, 

I.£.i. p,l.,t •• and "ptl. It801g011 (Sobl1.p8.,l029a A b, 

Bead 1. , 1931,'37, Sayl •• ,l935, J~r.l.na.n A Dal •• ,l 57, 

Sa1tb,1959), and with all th. oth.r polyob .. tt •• exc.pt 

!!. abranohlata, .tu41td tl'Oll th. Ad,.&!' tatuary 

(Irllbn_oorthl, 1ge2, '63b). Purth'l'Ilor., lib!.. db,,­

'100br,..!!. lEaYelll .xblbU, th. ao.t 4tveloptd abUlty 

tor r'lU1atlon ot yolua.. It r'1111atloo ot yolua. 11 

an 1D41cat1on of p'l'Iltabll1tr, ! .• unlIl .how th. 

8' 

• 
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, .. ate.t reduotlon 11k. !. 41y.,.lgo1p, (P .. tt.,,19551 

J;".n •• n a Dal •• ,115?). K. 'PlIJl 11 pOI •••••• both 

yolua. control and '.lUlatlon of boAy tlu14 oono.nt,atlon 

aDd .har •• 1n the •• t.atur •• vtth tho •• r.ported in 

!. 41Jtpll'p1gr, and .. in 1,. 41n'dQplg', th.y are 

not int.rd.pendent (B.adl.,19S?). BOVeY.r, I. '''yelP 

dUrer. f"roII both!. dbu.leolor (SchU.per,1929a a bl 

Be.l.,l ?, Seith,l 550) md Ar.n1e01a .arlna ID4 

!. P.llltol (Sohll.pe.,l929a a b), in the .anne. of lta 

r.culatlon ot tbe boAy tlu14 oonc.ntration. Whll. !.dly.r­

.10010r 18 a hJperr.culator, both! •• arlna and !. .,.l&lloa 

are oontol'llers, !I. lEaYelrt 11 Uniqu. in po ••••• in, a 

•• obanin to. bfporelUlatlon o~oDly .. t with In the 

oru.tao.ana and ~.l.o.t.ans. Tho pr ••• nt iny •• tllatloDi 

han, thus, broucht t o lipt a thlrd tne ot 0 •• o •• p1ation 

_ 0111 po11ohaet.l. Thl .lohan1aa or Mohanl ... r •• ponalbl. , 
tor hfpor.aulation I n 11. ennlYi 11 y.t ob.cure. U in 

!. 4iytratgNgr (1'18411,1 ?), tiler. 1. oirouaatantial 

8a 

erid.no. that hypo •• otio urb_ 11 bill'll produced in !.u!lytlI1. 

It bll1'" naphr141a could b. uloolated v1th th. nature 

an4 qu tity ot ur1ne produoed as IUII • • ted by Jurllna (1S1S5) 

tor !. 41yara1qglgr and iapl1e4 in I.yoyt1t 'pUO' (Erllhnan, 

1952), but _ply 4eaoDitrated in PIl1l!!l9Uttl TyieM 

(PL'l1kkar,19l1a, Parry,l95S) and In 0 ... .,141 (B.adle a 
CPI.,,19tO, W.rnt.,l9C53). th.n produotlon ot hypo .. otie 

ur1na 11 c.rta1nly a pOlllbility in!. grIY'lr1 tor the 
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nephridia are not onlf bl,c.r i n .1ze thaD tho.e ot oth.r 

po17.aete. that GO-.d.t v1th!I. 1£I.e17i in the Alifal' 

•• tuarr. bitt alao better vucul.arlled. hrthu. hllto-

10,loal .tu41e. ot the nephridia 1D4ioate that reab.orp-

tlon ot .alt. and vater i. provided tor. As In I. dive,... -
1l0010l (J.uniaux Uti.1961) the 11 not onlJ 0 .. 0-

r.lUlaUon. but lntraoellular _.1u •• nt in vtl10h a1no 

acld. are iDYolved. !b.re 1. uculation .xt.rded to 

chlorid... potud,. and '041_ u well. !h ••• ohant •• 

tor tt() 10uo replation. jut u the .. chan1n tor 0 .. 0-

oonoentration. i. f.t ob.cure. !. Ilavell1 1. un1qae 

In fet another t.atur.. Althollih 1t 11 not v1Y1paroua 

Ub l.r.lI l1&htl (.!. lbm1oola) (hith.l9S0). !. luvelrt 

1.,. e... ln vell proteoted .1_117-00at. vb1 oh aot 11b 

barrier.. both tor th. .U. and tb. larvae that develop 

101148 th • .1.117-00at. ..alMt a !luotuaURI environnnt. 

The eCl' and th. larvae denuded tl'Oll the .1.11f-ooat. moved 
oj ~ ..... v; v .,..{. 

11a1ted abilitl •• L .. a1nat .tr ••••• ot bJPO .. otio .edia 

(Eri.bn .. oortbi.l951b). !bu •• MVMX" IPlJlM Soutb ... n 

vlth a v1481' .. ane. ot .aUnttT tol.laDOel bette .. vol .. 

r.lUlat1oDI po ..... 1DI bill.r nephridia, a .eeban1.. tor 

bfpo".lUlatiool ... plat10n exteod.d Dot only to the th .. ee 

10M via., Cl. E, la but to tbe r.lUlat1on ot tr .... ino 

acid., aid provi4inc proteotloD tor th. d.y.lopin, e.,. 
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aa4 larr... i. tar better oonditlonod tor a c,..ter 

pea.tratioD into and auooe •• tul •• tabli.bBent 1n tbe 

braokbb vater ,.Sions ot the J4Tu e.tuary t Mat ... t 

thaD ~tber po\Tobute octOUl'iDI tb.,.. 
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CIAP'lER IX. 8 U M M A. a Y. 

" 

.. ., :> 
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Clung IXI S q " " 4 R I. 

1. I. ..aultl Southern expo.ed to hfpo •• otlo aedia 

. hOVl4 oODiiderable toleratlon of reduoed .al1n1tle. 

rlllllinc fro. _0 to _ • WbUe tbe rate of aortaU tr 
Val on11 3.S~ In a .al1n1tr of ga(" lt U aI hip .. 

ea. In fI,. at the eD4 or 96 hr.. OOlllpued v1th the 

rate. of ortaUt1 or other po11cbaet., 91 •• , GIroe,a 

nbngg';l1ata, Om»' "nlta, Wlah udUla, Cla!1!t 

1o.eota an4 DioR"ra JIliablll. all taken t,o. tht '41&1' 

e.tuUT, mI I1l11lu11 .ubj.oted to .t,esae. at b7ponotlo 

lIe4ia, the rat" of aOl'tal1ty In M!l'J!VIt ttmlr1 w .. 

00ftl14el'ably low .. pb .. i.lns the vide ranee of toleration 

of reduced .al1nttie. in tbi. wora. 

9. Lite all oth.r polychaete., !. I,ayell! also .veil, 

Vben upoatd to b7Polllotic IItdia. ltut the extent of 1'1-

cre .. e "u cona14erablr loy. In tIli. "ora, u In other 

polrobute., tbe 1111$1&1 lncrt .. e and the tlnal to1 .. 

attained, are a tlmotlon or the ntel'D&1 e41.. Botll 

the tlnal y01.e aDd the lnt ti&1 lnOl'.... be11l1 "l'7 low 

in !. II' h171, reduotion in penublUty 11, perbaps, 
"'-

th. aax1ll1* 1n tb1a Yora. 

3. ro11ovlnl yol.e resulat10n, there 11 allo refU­

latton of tile boc!y ttu14. 1n !. ,raYelr1. SoqYIr, .. In 

8 
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• • • 

191'.1. dl .... r810010r. both th. taotor. an I10t lnt.r­

d.pend.nt. Unlike !. 41 •• r81oo10r. a bJp.r.l\ll&to,. 

an4 l.re1l ,.lyloa ml P"1I.re1l Qltr1tJ". both 

oontoner., !.. ,ra •• 1V 11 a bnonl\llator. !b • 

•• oblnt .. or •• chard ... are .tll1 ob.OW'.. But th .... 

11 o1.oqutantlal .. 14.110. that b"o .. oUo urin. 1. 

b.t.na tone4. jut .. ln !. 41 ..... 8100101'. Tb.r=-a. ot 

tb. o .. oUo pr ... v. ot th. bo4,. tlu14. ln !I. .£tU1.t1 

11 .... 17 low (0.86 to 0~59 naCl) ald. pubap •• thls 1. 

th. ohl.t •• 1U18 ot eal1'1C th •• train on o.llor.l\llatorr 

•• 0ban1na. 

,. !I. .r'J1lx1 po....... nephr14ia ot the .lso­

nephrldial tfPe aI obtained in o.t luntold.. BoweY.r. 

t .tructur. ooaparab1. to the ea4 .ac ot tb. nephrld1a 
'V 

1 •• artbvoru and on.tao.an •• 18 .et with 1n the uphr1-

418 ot!l. 1£ ..... 10. B18tolopoa1 pr.pU'aUona npport 

the .1." that 1t .q be tuinc part ln reab.orpUon. vbll. 

tno nephr141al oanal tlk •• part in the tntraUon. lot 

onl,. the ratio betwe.n the .xcr.tor,. .urtao. and th. 

len,th ot tho VOl'll. lNt a1.-o the ll&IDitud. ot Taloularl­

.. Uon ot tlw nephr141a ar. U,bel" than that obtained 

1n other polychaete, that oo-exi.t wi til!. ,r •• bi in 

the M,.ar •• tuuy. 
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5. B.platioll in!. ' .... lli 11 exteft4e4 to all 

lou TU.. Chlol'Ue., 8041_ &114 Potuat.. The ratio. 

between laaCl, 'aCl, Ella mt (I..c~~l) are reaarlrablJ 

held oOMtant. In .t4it1on to osaooonoentration ot tbe 

bod, tlu14., !. ,raTeltl al.o I'e.ol't. to lntl'u.llutar 

resulatlon in *la _11ll) adb, partl1 at leu'. aN 

IllTol .... 4. 
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calrtIR Xt R I , I R I • CIS. 

Al,ar. 8.G. 1933 On th. ADt.tcII1 of MIOm, 
cr",lyl South.rn. 

Beo. Indian Mu •• 35t 981-383. 

4nn.DLtal •• I. 1922 !b •• ariDe .lea.nt in th. 'aDDa 
of the Gap •• 

B1i4r. Dl.rt. ...t.rd ... 
( o •• t-DUa.M.V.b.r). 143-1&1. 

Bbal, 1.1. 1919 Iw type of n.pb1'141. foUD4 ill 
the I.nu. Ph.r.tt ••• 

Quart. J. alor. 801., 84t67-

lMI. Struotur •• 4,..10.-_t tDLt 
gbT.1010" of th. n.phr141a of 
11,oobatt., Part.I. l.pbr141, 

of th. Oqtoqbuttg". 

Ibid., 831423-

1941b 1!Pih.Part II. Multlpl. tuMeli ° nephridl •• 

Ib14., 83.450-

1MSb 14_ •• Part n. lb. pbJl101ol1 of 
"iiCr.t1on and th. I1,Dlt1oano. 
of th. .nt.ronepbrla typ. of 
ll.pIu>idl.1 .,.u.. 

Ibid., 851343-

1M7 Ixar.tlon in Oll,oab,.ta. 

Bl01. a ••• , 81109-147. 

Baral'Ott. I. 1934 -,.,tur •• 111 th. Arcb1t.atur. 
of Pb'a1010~al runotloll-. 
C .. bride" DIll •• r.lt, 
Pr •••• pp.1x + 318. 
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I.ldle, L.C. 1931 

1 1 

!he .tt.at ot .aliD! tr abue" 
on til. vater aontent lid ,...­
piration ot .ariDe iDT.rt.brate •• 

I •• xp. li01., 8'211-817. 
(n.-

sa=ia r •• ul.t. ot the a.brS4I' 
I ition to the lut Afrloan 
Lab., 1990-1lt-4. !h. water. 
ot .oa. lut rloan Lab. iD 
r.lation to tb.1r tll1lD& and nora. 

J. LinD. 8oa.(Z001.)., 38.151-111. 

1934 Onot1o r'lulation iD GlI?,a ul.yy. 

I •• xp. Bl01., 111381-3 • 

1931 Adaptation to oIlue.. ot .aliDl tr 
1n the polJabut ••• I. Control ot 
b04, "01-. and ot \04, ttu14 
ooncentratlon ln '~l' 41y.rliqg1pr. 

IbS4., lAl5S-1O. 

1943 a Oaaotla r'lulatlon and tb. t.unu 
ot inland vat.r •• 

liol. !ley., 18.111-183. 

1063b An .001011oal '1II'Yt1 ot to.. Inland 
SaliDe Wat.r. ot Alltria. 

J. LinD. 800. (ZOOl.)., 41.I18-Ml. 

1951 Coaparatl". Ph,.lolol" Oaaotlo 
and Ionl0 R.culation in Aquatio 
An1aalt. 

Anna. Rw. Phrdol., 1913~358. 

1Q58 !be ClaI.ltloation ot Braaki.h 
aDd Inland SaliDe Vaten. 

tatun, London, 181'2'7-18. 
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a.1I41., L.C. 

-:r---' eras., J.B. 

" eras., 1.B. 

~~-... ' , 
ShaY, J. 

~---, " • 1',.1', B. 

1959 0 .. otl0 Ionio r.calat1 a 
in relaUo to the 01 IIltl-
0&\100 ot braatl.h ald IDlald 
sal1n ....... . 

l.traUo 1).11' Arohlyl0 Dl Oo.ano-

Intta I L1aftolO'~ Vol.XI, 
llPpl •• ato. pp, -151. 

110&0. Studl •• 011 l14.pt.tion to.al1nltJ 
111 O"'a5"t .pp.I. ReIUl.UOIl of 
blood U.n.. and the probl. 
of ad.pt.tloll to t •• ab •• ter. 

J •• xP. 101., 111153-183. 

19tOb 0 .. otl0 equ111brlua in 're.b 
..t.r anlaala • 

• • tv., LoDdoa, 14el588. 

1950 !b. retentioll of .alt aM the 
ulUl.Uoll of the non-protein 
nitro,.11 t.actlon In th. bl 
ot the .qQatle lana, 81.11. lutv1 •• 

I. .xP. Bl01., 17106-109. 

1891 I.phrldlua ot aDd It. 
blood IUPplr on th. 
'.pbr141. of Cha.topodl. 

Quvt. J •• 10 •• Scl., LoDdOD, 39.193-

1934 Dl. Sal ... un4 V .... r-P.n ... blU tat 
del' EorP4tl' rtl.obea YUlch1.n­
d.n.. S •• th.l... in 1brea •••• n­
•• 1tl •• n V.rbaltnl •• 

Prlu,.r. Arch. , ••• Pbral01., 
234lea9-Mt. 

1991 VvtationeD Sa H1neralbe.taod 
y.r.chle4.ner Blutvt.n • 

Ibid., 9271571-584. 
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11alulev1el. I. 

Blou. B.l • .t 
V.l ... I.W. 

IlTan. W.O. 

1897 

19f501 

19f5Oe 

1"1 

19831 

ContrlbuUon I l' .tad. 4. 
1a ooapolltlon a1Deral. 4.1 
llqg14.. nourrltl'.1 abel 1.. anlaau .ulna. 

Arab. iDt. Ph)oalol.. SI'G-IS. 

• AaiDo Aold aDdboo~t M.th04. 
aDd B •• lllt. of Prot. ill A.nal7.U· 

Cbarle. C.'rhOliU. pl'iDltb14, 
IlliDo., U.S.A., pp.z111+381. 

AdlptloJa.!!KW 41tU"901p~ 
(O.r.NulliiJllO roloi.naonei 
voclr .ol'.ldtj 1 voclr 1104kltj. 

Pot.lt. bcb. 8111I'Obl01., 
a(XV)'837-251. 

La '1' ••• lon o .. otlqa. 4u lane d.. anlaaux .ulna. 

Apcb. ltal. bl01., 88'81-71. 

8041_ rtlUlIUon In tb. oral­
tl.b~ ""Sf! flp!iatl1i •• I. 
fb • • oraal ~_' •• l. 

1 •• xp. Bl01 •• 31.83-99. 

l4a., II. Ixptl'iatD.'. vl th 
---.odl11a d.pltted aataat.. 

Ib14., 37IlOO-112. 

14a., III. IXP'l'iatDt. vlth 
1IiO'1 10&414 ID1aw. 
Iblc1., 87.113-111. 

!ht aeou.u1atloD of' rt410aotly. 
C, •• l ill Cr,b •• 

J. Mar. bl01. AI •• , U.I •• G'651-
575. 

!he Icauaal,tlon of' 1't410aotly. 
C .. d1lll ", aarlDt inYerttbl'atu. 

!b14., 43'51e-53g. 
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Brran, W.O. 1963b fIl. aCClBalatioD ot 1370. bl 
braotl.h ater lDYertebrat •• 
aDd ttl "laUoD to th. r.pla­
\lon ot potu It aDd .041_. 

Ib14., 43.M1-5SS. 

Potuat uta 11 .. and the 
acauaalatloD ot~137C. bl D.eapod 
Crubo.!. 

Ib14., Ull99-hl. 

Brlot.ux-Qr.lolre,S. 
1 ewl1&ux, Cli., a 1911 

rlorJd.D, M. 

Rol. 4. la yarlatl D 4. la 00.­
pOlante "'Doao14e iDtra .. l1u­
la1re 4me I' eurrhallDl te 4. 
HeM" "aetR' r., .t 4 • 

Col., B.W. lMO 

ConoYl0., L.C. 1880 

• w;:oiDiI=:.;::e;:.r .guilla L. 

Arch. iDt. Phfl101., 881144-7065. 

a.uonal .O'Y .. litl aDd tile o.o.otlo 
behll'llour ot th. Ihr1llp, Cr'p'op 
,,'P'OP L. 

Arch. DHrl. Zool., 611-100. 

On de'YelopileDt, ,rovth &D4 411trl­
butlon ot CvoiDV "M" (L). 

Ibid., al 51-3 • 
• fIl. OOIIpo.*,lon ot tluidl aDd .era 

ot 108 •• &riM an1.ala aDd ot the 
•• a vat.r iD vbiob tbef 1IY •• 

1. len. Phral01., 83. 515-581. 

Olaode."tD1tal ••• t or,an •• 
"peD1:alrel 4.. Annel14e. 
PolTchaet I. 

Arch. Zool. exp. IC. 81 239-379. 

Quoted bl Bl'&rorott, 1. iD 
".aturel 1ft the Aroblt.otul'e 
ot Phy.lolo,loal Junctl0D'. 
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Cov,l11, R.W., a 1 7 ·'xp.rt..nt. In Blo~loal 
PU'4H, A.I. Re •• uoh t.ohnlqu •• -

Jolm Wil., a SOIdt! ." tortl 
Chaplan a Ball L • , 
London, pp.u.l89. 

Cropan, P.C. 1 1 Ooap.t.tlon ID4 a.ohanl ... 
ot O .. otl0 adaptatlon. 

ap. 800 •• xp. 1101., 151155-11' 

~nn'nl., J.!. 1887 Soa. point. 011 til. autoa, 
ot Pol,oha.ta. 

Quut. J. aior. Sol. Is 
asl 1-171. 

Dakin, V.I. 1988 lb. aqudl0 ant.al aDd lta 
.mirollHnt. 

Proo. Linn. Soo. I.S.W.! 
1018- 2. 

, a 1931 Re1111a'10n ot .alt ·oont.nt. 
B4a0nd., I. ot blood ot aquatio an1aal. 

aDd til. probl_ ot perae-
ab1Ut, ot til. bouD41ft1 
... bran.. ot aquatl0 lnY.r-
t.brat ••• 

Auat. J •• xp. Bl01. aed. 801., 
81170-181. 

0 

Debol'u, A. 1925 Ob.'rTatlold lUI' la bloll,I., 
4. I.r.l. 41J.rI19919', 

C.B. A.oed. 801., Pu':h 
18011 -1443. 

DuonateaG-Bo'lon, (lb. a 1961 Chua. ill intrao.llulu con-
'10rk1n, K. oentratlon ot tr.. _tao 

ac141 u a tactor ot '1117-
balin1 t, 1n til. 01'&1 tl!b, 
Altaeu. utacua. 

COlip. Blooh_. Ph1alol. ~ 
31245- SO. 

'. , 
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Duabat •• u-Boaaon, Gh., IMl Role d. !t. nr1at1on 4. la 
lewl1awt, C., " 008,oa. _lDod04e tntra· 
Plorkin, M. o.Udal ... dana I' .1ll')'hal1D1te 

4'Ar.nloola ... lna L. 

Arab. lnt. PbJalol., e8.30-35. 

Dual, II. 1935 Rech.rchea pbJa1co-ab1ll1qu •• 
.t pbJ.lo10.lque. .u. 1 • 
• 111ea lDt.rleur 4.. aIl1IIawt 
aquatlqu •• M041tlcatlou IOU IV 

1'iDt1eno. da. .111ea .xt.rl~. 

ADD. Iut. ooeaDO.r., P .. l., 
sltaa-t07. 

IU1., w.O. 1133 Calolua aa4 tbe r •• l.tano. of 
ltEt1' to brukiah vater. 

hture, London, 131' 748. 

1937 !h. vater aa4 .1.otrolJt. 
.xoh .. e ot I.r.la dlytr.19plpr 
(Muller) • 

I •• xp. Blo1., 1"340-350. 

1939 Coap .. atlye •• aaureaent. of 
vat.r aa4 .1.otro1Jte ex-ohaD,. In • Itenohalln. aDd 
1n • lIlI'Jbal1De polTaba.te. 

& 
Ib1cl., lei 483-,... 

lIv.r, D.W. 1941 !b. blood .,.tea of Sab.lla 
aa4 Splrocrapbia. 

Quart. I. alor. Sci., 8211581-

IV.r, ' " a .... 1943 Oaaot10 r.ral_t1oD lD 
pponlDa. 

1111111 

I.tv., London, 15115 •• 

lIhlr •• , I. 18M- MDi. Bor.t.avura.r aaab .,1-
88. tematiaob..D uD4 anatoaiacben 

Untlr.bDcbUnl.n 4", •• t.ll~, 
Leipal" WUhllIl Incl .. ann, 
pp.x:a: + 748. 
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'ac., L. 

'.rronn1er., O. 

'ilb.r, 1.1 •• a 
ta'." ,. 

'lor.lltlD. I. 

'r .. an, Il.r .H., a 
1l1,ler, r.B. 

'r.tter, v. 

hCM, I. 

Oarr.,., V.I. 

Goodrlch. I.S. 

1901 

1948 

1899 

1957 

1904S 

1905 

1900 

R.cb.rcbe. .ur le. or,ane • 
.... elltalr.. 4.. Ann.lid •• 
Pol1cbute •• 

8ci. lat. Zool. Parl., 31261-410. 

Stud.. bl01011que .ur le. ZOIl •• 
,upraltttoral.. d. 1& Lolre-
1nt.r1eur •• 

Bull. Soe. Scl. nat. Ou •• t, 
111 1-45. 

"Stati.tleal !abl.. tor liolo­
,ieal aDd Medical R ••• arcb", 
3l'd Iclltioll, OllYer" 101«, 
IcllDburp. 

Btud.. .ur 1. faun. d ••• ar •• 
.al... d. Lorrain •• 

AnIl. d •••• 8el. l.tur.(S), 101209-346 
h 

R90I1I.. ot 8qroblcmtarla pltp, 
(Da Co.ta) to oROt C preuur. 
cbaD, ••• 

1. Mar. blo1. 11 •• , D.l., 361553-56'7 

DpUb or rl410actlY •• octl_ (Hsa) 

~ t!it&.:tf:r;!!Itrf,::-ller 
(Oru • 

" lour. Mar. '101. 11 •• D.l., 
341151-180. 

Dl. topo,rapM. d.. Blut,.ru .,._tea. d.r Cbutopodoll. 

Jalla. Z. '.tur •. , 491374-484. 

'lb. OROtiC Pre.lur. or S.a W.tar 
aD4 the Blooct of Marille Anlaall. 

Bl01. Bull., Vooct_ Bol., SI957-270 
On the lIepbrld1a of PolJcba.t ••• 

Quart. 1 •• lcr. 8cl., 431699-
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• 

Gooctriob, I.S. 

GI'MO, M., , 
Stabaann, M.R. 

GI'''O, 1.V., 
Bu.ab, I., BUI', 
Pro •• el', C.L. 

llro •• , V.l. 

19&5 !be.t1a47 ot lepbl'141a 
_ ,eo1 tal duot .ince 1_. 

Ib14., SlI113-3". 

1955 '1',,.l'at10o _ e~at1o 
h7drol1.1. ot pol1-r-etbF-
11ut..,-1 boYlM p1 .. a al1nmlo. 

1959 L., a 

1. blo1. Cb_., 2131159-HI. 

!he l'elll1at100 ot vat.r _ 
.a1t b.r the t1441er crab~ 
!!II J!UIAH -!!b RMll~r. 

lio1. Bull., Wood. Bole, WI 
34-41. 

1881 Di. AnteDDladrua. 4er Crua­
tacean. 

Arb. Zool. Inat. Uni •• Wien., 3' 

195& 0 .. otl0 I'e.ponae. 10 the .ip~ 
cul14 D'ndrg't~ 'g,t.rl­
oqla. 

1. exp. 1101., 31.402-423. 

1955 &apeot. ot oaaot10 retu1atloo 
10 crab. .bovtnc the terre.­
trial habit • 

• '1'. lat., 8111OS-1ft. 

1957 An anal,.l. ot re.pons. to 
o. oUo .tr... 10 .. l.oW 
4.oapod Crustao.a. 

Bl01. Bull., Vood. Bol., 111' 
43-4t. 

1951 A beba.ioural .. oben1 _ tor 
0_otl0 relUlation 10 a ... i­
t.rr •• trial arab. 

Ib14., 1131H8-174. 
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(11'0". V. I. 

4 .. I'iiiail. L. A.. 

0a.rDe,. R. 

B&I'41D1. V.I •• 4 
lI.oLean. R.II. 

BU'taan. O. 

1958 Potaaa1a and. 8odl_ l'eCUl.UoD 
iD an iDtertidal crab. 

Ibid •• U4'834-347. 

195t '1'Iw etrect of oSllOtiC .tre •• 
OD the 10nic excblllie of • 
abo ... or.b. 

1981 

Ib14 •• U8.148-1S7. 

0 .. ot10 toleranoe~aa4 relUl.t1oD 
in orab. fro. • ,ner •• UDe 
lqOOD. 

1.,14 •• 1111810-301. 

1* V.ter aa4 Ionie replatioD iD • 
terre.trtal bend t orab. 

Pbp101. 1001 •• 33'11- • 

1* !he 1DtlGeDee of •• ltDtty OD the 
II, and vater fluxes of a crab. 

Bl01. Bull.. Voo4. ole. uta 
.4.0-453. 

lt13 !he orl,iD and OOD41t1oD of 
ext.tence of the fauna of f .... h 
vater. 

!rlll •• 10rtoUt 101'V. lat. 800 •• 
t.481-485. 

1915 A. oolortaetrle •• thod tor tbe 
e.ttaatloD of ..tno-.e14 a­
nitro en. II. AppUO.t10D to 
tbe hrdrol11i. of proteiDa b1 
paDO .... tic .DS18e •• 

I. 1»101. Cha.. 84.1503-517. 

1938 Braoktah and tre.h-v.ter 1 .... 14 .. 
fro. tile aortli ... t Paoitl0. vlth 
the 4e.erlptlOh of • QeV .peol .. 
fro. Central Callforni •• 

l1niy. Callt. Publ. Zool., 43.79-81. 
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Butaan, O. 

Bat, P.B., 
0 •• 1', B.L., a 
a_.r.on, W.H. 

BulN4a, IC. 

H71M" B.B.R. 

1MO An uooua.' ot the MI'.14 VOl'. 
"IQ~ 4btrt1qolgr, £SIIJl. a. 
1D th. uplan S.a aDd it. 1101" 
ext.ftllye dlstrlbutlon. 

Zool. Zhumal., 3 .. 35-3 • 

1 

lQ&& ·Practlcal Ph1.lo1o,loal Cheal.t"., 
1. a i. Churchlll ~ Co., London, 
pp.m + 1431. 

19C5a Chana. at w.lcht ot .&riM &Jl1aall 
1D 41luted 11141&. 

1. 'xP. Bl01., glel-e8. 

'fbe .001011 "r G 4u.btnl 
Llll.bor, and t. OOGlll'HDc.1D 
tHab vater 1D v.stun Drlta1D. 

1. Anla. Eool., 23138-84. 

llUJl1auz, Oh., 1961 
Duolat.au-loSlon, Oh. a 
'lorJd.n, M. 

V&r1&tiOJl d. 1a OOIlpo.ante _1M­
ac14. 4,_ tt.au.. .t eQrJbal1n1te 
ob •• PeltD.~ll ga1t11t,p,A 01' •• t 
.'Ell'~ i'Pjlig1gr to: :iuller). 

1. Bloob ., tolqo, .11517-531. 

1961 
DUebatek-Bo •• on, Ob. a 
'lOI't1D, M. 

'1''' .. 1M ao148 1D the lnua­
cellular oaol.,alatlon ot 1QI'f­
baUn •• uw vo ..... 

lobnlon, B.P. 

.TOft •• , L.L. 

.TOMI, M.L. 

BloGb_. 1., 1 114-28. 

1103 'r •• h-vat" ur.14. trOll th. Pultio 
oout and H3IIa.!.1 vltb r.aru on 
tresh-vater P017011&.te. In IlDllal. 

Kart Nm'tarl&U Tgl." Art. 101 
205-113 • 

1N1 O .. otio r.plaUon In .1T.ral or. 
ot th. Pl'lc1tl0 Cout of Wortb Aallloa. 

1. 0111. oaap. P1'lral01., 18.7D-91 • 

1951 On th. IIOrpholol7 ot tb. upbrldl_ 
ot •• r.ls vaxi110'. Grub •• 

Bl01. Bull., Wood. Hole, 1131~7-4l3. 
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1 

1IlI',.Gaen. C.I .... 1957 !h. NplaUOIl ot YOl,.. and 
Dal.l. R.P. o .. otio NplatlOD 111 10M 

Der.14 polloh ... I. 

Phr1101. GOap •• ~1357-37~. 

lv,.Ga. O. 19CJ5 D1. V.ohI.1bea1ebaDc.1l YOIl 
11utkN1I1aut. ~i:!: \lid 
Oaaor.~atioll ti~ll-
ohMten ~ "golgr o.r. Kul1.1' • 

1001. lb. al1,_. ZOOl.
1 

1551 
- 4S. 

I:lDDe. o. 1853 Iv B1010,l. UD4 PhJa1010,ie 
YOIl G ... 1l'UI 4uebeD1 L11lJ. 
V. Ullte .. luotmn,. ubes> Btu\-
koDs.ntrat1OD. R.l'atl'.quena 
UD4 AtImDc. 

1:1.1 ... M •• reltorloh •• 8.181-15 

19M I: ...... n.u. Unt ... lchunleJl 
u er 4en SWlal 4.1 lala.-
,ehalt.. aQt 41. B1tarel11ten 
yon B.ackv .. lertl.Nn. 

Zo01. Ana.. 15111 10-16. 

1M3a Zv B1010,1. UD4 Pb1a1010,l. 
yon G HV Au".l L1l1~. 

Z. viii. Zool •• 157141'7~tl.. 

18153b Zup 11010,1. UD4 'bra1010,1. 
YOIl G se: 4Vbenl L1l1~. I 
tJbel' d1. _tunalf •• quellS. 
lhl' • .lbh:nl1,blt yon 'ape-
ratur UD4 ala,ebalt, ~e , 
llbel' lhN V.nalten • 10-
llert ,ehalteDell 1Ud _pu-
t1.l'ten Vel'luohlt1el'.n. 

Zool. lb. alll-. Zool. &0:'1 
183- • 
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liMe, O. 

I!'labnan, I). 

1951a Ulte .. '.peJ'atv UD4 8ala,.lt 
lhr. ~101o,bob-blo1o­

,bob. Bed_tal. 

Blol. Ib1., 151314-387. 

1951b OM .. 4en Itanu. 4e. Sw-
,ebat tea UD4 4er ,.p .... tv 
aut Vaobatla, ro,. WIll ..... ... 
hnDI be! 4. 1p;t .. o14JC)~ 
COi'd1tpb8fa.uo1a (Pa11u>, 
&Oa, ay~ 

ZC)C)l. lb. .111 •• ZQc,l!L eel 
eeo-838. 

1951 1 pn,r.at1c .tIIIS, of oa.p.,. ... 
tt.. bl01011 of a.,.lae and 
bJ'aok1ah v.ter lD.1aala. 

lan •• Bl01., 83181-91. 

19t58a Adaptatl0D to yul.t1oul 
8a.. faoton aD4 '.1 _ ill 
~',1pll0t1 54. 
•• n ••• r, pp. 

D.C.I ~.1010,loal ..... loan 
1001.,,) • 

Ube.. 41. '.lktloD ... "l.lob.n 
coelent..... , .... be. &Q1' nr-
.obled_ w,ebalb 1lD4 '.P­
.... tvbed1nltmlen. 

1001. lb. all, •• Zool., 8114O"1-t1S. 

OIl th. upbrt41a of - .... 14M ill 
...l.tlon to habit.t. 

Proo. nat. Inat. 801. Indl.! 111 
Ml-z55. 

Erl'bDaaoorthi, B. 1051a "Studl •• on the l.pbr141a of 
Po17cbMte.-. th.li •• ldIIIltted 
for the M. 0., D., ••• of the 
UnlYel'litJ of Kalru. 

1951b Studl.. on the 0l8Otl0 prope.tl •• 
of 1"., &ad LarYM of a bl'aoklah 
vater po17ohute, Mvpb'" '''flUl 
South.rn. 

Proo. Ind. 10114. Sol., Mtlgg..ao9 • 

• 
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Krl.~oorth1, I. 1988 

lM3a 

1 

Sallntt.r !ol.raDo. and 'olu.e 
R.gulatlon in tour .peo1.. ot 
Pol1cbute •• 

IbI4., eeI3&1-31l. 

Gro •• IIOl'pholOl1 ID4 h1Itolol1 
ot nephridia 1ft fOUl' .peol .. 
ot pot1 ute •• 

Ibid., 5111N-109. 

1953b 'oluae r.lU1atlon In "1', 
larn. aid l4ulb of • bracttah 
vatu pol1ehute, e!fP1trl 
rarl.bl11. (South. • 

Ibid., 511175-189. 

19530 Chlor14. r.gul.tlon in Marphr.1 
crmlll Southern. 

Curr. 801., 391483-484. 

19834 On tb. 418tr1b1lUon of I1z ap.ot.. ot JIOl1obaet.. In the 
141ar '.tuarr, MI4 .. &I. 

1951 

1953 

19138 

J. Mar. 1101. AaIOO. Iadla, Sl 
97-101. 

A PIN o .. e of 00. .... &1 1ft a 
po lyobute , maUt .. , 
n. Ip. 

J. Ml4r&l UnlY., 881S .. to. 

Aotlv1t1 flf II_a 'r:ll!1 
Soutb.1'D (Po utaJ .r 
h.t.roa.otlo ooadltlona. 

Pl'Oo. lad. Acl4. Sol., 51183-87. 

fb. .ottv. ab.orpt1fln flf 10Dl 
1n .~. tresh vater uia.la. 

z. v.rll. Pbr.101., 151335-350. 
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I1'0p, A. lSlI3' .. Oao"o R.r.!:"on 111 Aquatio 
ADlllal" , _br14,. Unb.l'alV 
Prnl, C_r14,., pp.l-IO. 

1r000001It, G.A. lMS A oaaparl10n ot the pl'Otoupbr141a 
ot t •• lb vat •• , braok1ab v.tel' 
aDd aariD. Ilr1aeU ot Gu!ltru 
b ... Qpbrodlt cu. 

1. Morph., 19118'7-177. 

Lootv004, A.P.M. 198. '!b. O.oreplat1OD iD Cput." ••• 

Bl01. Bey., 371851-308. 

Lownd •• , A. G. lM8 !b. dlsplac8Ient •• tbod ot v.1,b'ae 
aquatio anlaala. 

J. Mar. bl01. Ass. U.I., 181&5&-571. 

Mar,arla, R. 1191 !b. oUlotto cbaac.. iD .oa. IlUl_ 
aniaala. 

Proo. ro,. Sao. (B), 1071608-

Martens, p. YOIl, 1888 OIl tb. OOO1ll'renoe of MariM Antaat 
fo .. s 1n tresh v.ter. 

Ann. lat. Bl.t. LoDllon, 1, 3ftl Sel'.,' 

-Xular.Jd, 8. 1905 81ll' 1& Itructur. , •• Mpbr1411 tel 
y.n 4. terr •• 

C. R. Soo. Bl01., Parll, SSt 

M.,.r, B. 1888 Stud1.. abel' ,.. Iorpel'baue del' 
Annel14en. 

Zool. Stat. 1 •• ,.1, Mltt., '.442-111. 

Ia,el, B. 1114 Ole A1lt,aben de .. lxkJ'et1on.ol',au 
WIll de .. n __ Nl der o.onpl,a.-
tlQQ yon Caro1ma1 ... n ... 

z. "1'181. Pb,.. 01., I1t tea .. tn. 

!flcol, J .A.O. lMO "!b. JllOl:cJ ot Mar1Jle AD.iIlaU", 
811" haao 1taa a 80u Ltd., 
Lolldon, pp.1z+'701. 
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'.n'lEtar, 1.1. 

'mtlD, C., .A. 

'UIT, Q. 

1960 

1 

IDtl.1lllloe of t_pe1"atve 011 
o.otto beaYlov of .011. 
orubo.a aa4 lta HarlDa upon 
pl'Obi .. of an'.l 41aulb1lUoD. 

'atv., Lond_, WI3H-317. 

lM1a Onor.l1llaUOIl lD .OM 'al .. oll14 
pr&Vlll. 

I. Mar. blo1. AI •• U.I., 111317-351. 

lM1b aaott 0 bebaYlov of \he fatrr 
Ihrt.p, 41apb'PP •• 

I. .xp. 1101., 111 Uo-l14. 

lM1 OaaoUo HplaUOIl lD alaal.a aa4 
am - Sir D,._a Arlar Leo­
ture" UIl1 .. "lt7 ot M.s,u, 
lMS-4ot, ,lnn 111 lID., 1164. 

I. MlI4ru UUY., 1711-19. 

1950 'b1Ilolo,loal upeota of .saptatloll 
to •• tu&r1lle oondlUolll. 

1 7 

lDl 

'1"00. Indo-Paoltlo 'l.b. Couno. 
AuavaUa, S.ot. 31188-175. 

'l'b. bl'aoJd.ab vater f&Wl& of M.sru. 

Pl'Oo. Ind. Ao.s. 01., IIUl-357. 

!b. orl,lD of th. OOllpol1Uoll of 
th. bo4, t1u14. of 8Dt.al.a. 

Bl01. an., 11451-481. 

O.oUo ad Ioll1o r.lUlaUoD ln 
\be 1Iop04 ol'Utao.an, Llda 
OuP'S·· 

I. .xp. Bl01., SOI5e1-574. 

IoD1o HRlaUOA In the pal_oll14 
prawn, 'IlSMa (-LtID4,,) "ruSUS. 

I • • xp. Bl01., 311801-113. 
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Poar.o, .... 8. 

Plotoa, L.I.R. 

.POl"a, I ..... 
f 

a Ro.o., D •• 

1_ U.1De proclUOtiOD b1 _UDIl&IT 
,la. ot Pal.t!OII!'" YVhp. 
Loaob. 

1"14., 311401- II. 

, 

1957 OlllOnlUl.UoD 1Jl .OM t.oall •• UI" 
pr&Vlll. 

1"14., 841411-418. 

1187 !he .1,r.UoD ot m1aall tl'Oll the 
O"&Jl to tnlb waur &D4 1&D4 
babitat •• 

Aaer. I.t., 111461 ,?e. 
1_ OIl the .blU tJ ot oert&1Jl .ariDe 

tnrortebr.to. to 11.0 1Jl dl1uted 
••••• ter. 

Bl01. lull., Wood. Bole, 561405-401. 

191M ,",.lac po1Jlta ot Uoo4 ot o .. ta1Jl 
Uttor&t mI o.ta&I'lM &Jl1aala. 

CUM,l"Iut. of VUh1qtOD, Paper. 
trca 'l~tuaU Labor.to." a8183-101. 

1 1 fho .oobw .. ot vbo tora.tioD 
1Jl tnrorto"r.to •• I. fbo aoroto., 
•• oban'" 1Jl oerta1Jl Arthropod •• 

1. oxp. 1101., 131301-318. 

1.e Ubor 41. Bos101l1JJl,.a avlaobOJl "'taua.c, O .. onplatlcm 1IDl 8Jdra­
tloft 40r O ... bo bol OQr1b.llD.a 
M •• n .... ubr.teft. 

Zool. lb. all_. Zool.. MI199-1eo. 

1Nt Iteotual aupl"ualvl1 LUW'l1ol" 
D.la Itorl. .t.aupr. R •• latoatol 
La lal1ll1tatl .arlablo • apoolea 
'.all db.r!loolor. 

Studl1 .1 C •• o.tarl 8tl11l1tltl00, 
3UDI-BlS. 
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Pott., V. f. W. 

Pottl, W.T.w •• 
ParI')', Q. ' 

11tbop, iT.-.J Brown r.A obn 
!.L. ~ Wuilt, v.,. 

llaOOYUs .. I.Q. 

la,", I.A. 

I 

INt Meuv-.nt ot OI1lOUO P""un 
ill .iDale "111. 

latun, London, IGI834. 

19M 'rhe euretto. ot 0 oUo rep.-
lat10n braokiab - aDd t ... b 
wat .. an18al •• 

J. exp. 1101., 311118-eaO. 

1 Ma Tbe 1aor,aftiO GOatoalUon or tbe 
b1004 0 Mxtlly t4uU. ID4 ~ 
40nta mptl. 

Ib14., 811811-385. 

19Mb fbe rate ot viM pl'OduoUon ot 
MP"gpb OJ'P'I. 

Ib14., 311114-811. 

1950 fbe '041. nun. ill tbe auole 
tlb.e. ot a aariu aDd tn.b water 
1 .. 111,anoh. 

li~ "Olllotlc Get I 
in Anlllala" 01110 RelUl.t ion 
Oxford LOndo!.rg~ Pre •• 
P ' ."Yl'k' ' 1"1., PP.atll'. 428 0 , 

Ph11adelPIUI, Wu •• : - _ 

1895 Sv 11 role 4.. _lboqte. obe. 
1 .. Armel14 •• po17obut ... 

c. R. Ao.s. Sol., Paria, 1101484 "1 

IMOa fbe OI1lOU. relaUone ot the earth 
won. 

J. exp. 1101., ........ 

IMGb !he sl t. ot tonaHoD ot tanoton1c 
viM in the Mptuo141. ot 
L_brlOWI. 

Ib14., H.65-15 • 

• 
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Baa.,. 1.A. 

~----, 'aloon, S.V.B.V .. .t 
Nubtn. 1.1. 

Irown, i.B.l •• .t 
'alOOIl, I.V .B.V. 

.t 
Brown, tB.l. 

II'OVIl. i.R.l., .t 
CI'OP_. , .C. 

B&o, I.Y. 

a.aD., A., a 
SchU.p.I', C. 

1 

19M Noy.ent. ot vatv eleo-

lt51 

1851 

trolrte. 1ft 1nYert.brate •• 
III Aot1.e !1'aD8port aIl4 
SeoNt1on. 

a,.p. 800. exp. 1101., 111-15. 

"PbJ11010110a1 Appro ob to th. 
Lower h1aw", !b. C.bl'14l. 
UIllYerait7 'HBI, C.br14I., 
".nl .. 148. 

An 1llUIratlni n.. pbotoMter 
tor all qg&lltlt1 ••• 

1. '01. IllIt .... , 211 

S1ll1lltaneou 4.tera1uUoll ot 
.041 ID4 J)Otull_ 1Il .. all 
yo1.e. ot tlll14 b1 tl •• 
pbotOll.tlT. 

1 •• xp. 1101., 3011-

l'M alllJ)llt1*, a parabaa aD4 prooe-
4ur. tor t ..... 1D& rtnt 4.t .... 
81utloll upon .. al yol_.. ot 
fluid. 

1. '01. IllItrua., 311311-375. 

l'M 11.etroaetr10 tltrat10n ot 
oblor14e ill ..all yolu.e •• 

1 •• xp. 1101., 381111-819. 

1951 Ob.ernUOIlI on the probule 
.tteeta ot .al1n1 " Oil the 
'P&Wll1lll. 4"elopa_t ID4 
•• ttlDf ot th. I~ back­
vater o,.t... O.t •• a .851' .. -
eIlIta P.e.toll. 

P.oo. 1114 • .lo85. Sol •• 331181-IM. 

1958 "Dl. B1010118 4e. Braokvaa ...... . 
Die 11DDelllev ..... , 981 pp.348. 
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RobertaoD, J.D. 

1 

1139 The 11101'1aft1e CIOIIpol1t1on ot 
tha bod1 nu14. ot thrM au1De 
lmertebnta •• 

3. exp. Biol., lSI387-3sr7. 

1941 !be taDo'lon &ad .. 'aboll .. ot 
calo1_ in the 1nYe"teb"ata. 

B10l. Rn., lellot-133. 

1949 Ionto reculatloD in soaa •• rine 
lnYarta".ata •• 

1. exp. Bl01., 1183-200. 

1953 ?urthar a_Uas on bnto rep. 
latlon in aar1ne 1nYertab"ate •• 

Ib14.. 301 m-29IS. 

0..0tl0 &ad lonlo aaralat10n in 
Aquatio Ima.tabrate.. II aacent 
Myllftcl. in Iuartabrate Php1o-
1011. 14. B:r. 8obe .. , UnlYeralt, 
otOresoD Publ1cat1olLl. IM1. 

Oaaot10 lad Ionio aaCUlatlon. 
Chaptar 9.. in Tha Ph,.l1olol1 
ot a~taoaa, '01.1'1 C!4.) 
'1' .H. Vatal'll&lUl. ,p.3 1-339., 
Aoadea1o ,",,{lev York a 
t.on4G1l, pp.zyl .. 810. 

1939 tha a10ro-axtlllat1oD at .oeS1_. 
,otual_, oalcl_. aqnel1_. 
cblor14e and .ulphata in •• a 
vater and the bod,. tluid. ot 
aarlna an1IIala. 

J. exp. Bl01 •• 181155-177. 

Boe..&. J .R. J .p.taln. IM9 
T.ll., • liolAateln, I.P. 

Ii. botOllletl'1o .ethoeS tor the 4.­
tera1aatlon ot 1mllln in p1 .... 
and vlne. 

J. bl01. Ch_., 1181839-&18. 
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Iqb., L.P. 

Saballu, W. 

labU.per, C. 

lobu14er. G. 

1935 

1N9 

!h. etf.cts of salinl ty 
abanr.. on bocIy vel,bt and 
.urYiYal of if.nil ylrtpt. 

Bl01. Ball., Woo4. Bol., 
e'l -144. 

!h. rlyoos.n coateDt of .o.e 
lDY •• tebrat. nerr ••• 

Ibld., 9'71151-153. 

1929a Uber 41. Itnvtrkanc nled.r.r 
.alskmuentratlon .r viDe 
orlanl .. en. /... 

, •• '1'11. PbJ.l01., '1478-514. 

al9b 1ft! YlPlUoh •• btr 41. 0180-
r.,ulatlon v ..... l.bead.r 
fl.n. 

1930 

81tSUDl.bt .. lob 4. 0 ••• ,. 
hford. 4. I ... t. I aturw1. •• 
Marbarc, M ... 

Dl. Oaaor.lUlatlon v .... r-
1.bto4... flIP •• 

Blol. 81Y., 51309-358. 

1938 leatrt Ir,.bD1a.. UD4 'robl ... 
au. 4_ I.bl.t 41 .. O .. OrtlU­
latlon v .... rl.btD4 ... Tl.rt. 

1101. illY., 101aN-SeD. 

1955 Dbe.. 41. pbJ.l01011.ob.D 
Wlrlnulcen 4 •• B ... oItv ....... 
Clam '.rn 1ft lID 411" 
Ml.RUeb.l IInU,. 14ull.). 

11.1.1' M'I' •• f., 11121-13. 

tJbtl' Phacoqto •• JD4 BzkrtttOJl 
b.l 41ft Aan114tn. 

Z. wi ••• Zool •• 6411407-820. 
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8chY., I. 

8041'01. I. 

Shaw, J. 

1 ., 

t 

abel' 41. o .. or.lQ1atlon y.ra-
oh1 ..... Ir.ba. (Malaooatraoew. 

Z. Yel'11. Pb,a101.. 191183-135. 

M10J104.t .... inatloD ot ohlor14. in 
bl010,loa1 tlu14a vlth a0114 
aUy •• lodat •• 

I. bl01. C~., 1101305-409. 

IoDlo .. platlOIl IDl vater balalloe 
in th. aquatio 1uYa of 81alia 
1utgl •• 

1 •• xp. 1101., 391358-388. 

1955a A aSap1. pl'00e41lH tor the atad, 
ot IoDlo r.lQ1atlon ill .. all 
an1aa1.a. 

Ib14., 3113 1-389. 

1955b !he pe .... abUn' aD4 atl'lotUl'. of 
th. cnaUole ot tbe aquaUo lana 
ot 81a11a 1uttrla. 

Ib14., 31U330-351. 

1955 a IoDle r.l'latlon in th • .uao1. 
fI. br.a ot em'" 'up". I. 
!b •• 1.ctro • ooapoaltlon ot 
a1nlle t1b .. a. 

Ib14., 3 a383-396. 

u... II. '!h. .tt.et ot r .. u0e4 
~004 oonoentratlon. 

Ibl4 •• 3816et-680. 

1958& Onoreplatlon In tile llla01. tlbrea 
ot OvetOP' 'HAM. 

Ib14.. 351901-919. 
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• 
Sbav, 1. 19Ub rurth.. .tu41e. on 10Dlo reCQlatlon 

1n th. lIUIo1e tI'... ot 9m'" 
''''''. 

Ib14., aslMO- • 
l_ or.. 

8odl_ uptake '" the o.~1Ib. 

latun, Lond01l, laluos-uoe. 

1959 !he &II.orptlon ot .041_ lou 1»7 
the orqtllh, ~¥.. 
LeY.rbo1lllet. • • 
external am 1Dte1"D&l .041_ 
ooncteDtratlou. 

1. exp. Blol., 3fSllH-l4ot. 

1 59a lolute and vate. 'alano. 1n the 
lUIol. l1br.. ot the Jut Atrlclll 
t .... h vate. or&ll, Pot_09 nllotl9!l! 
(N. I4v.). 

1'14., 3fSlltS-1M. 

195ft lalt and vater balae. 111 the Jut 
Afrloan f ••• h vate. OI"ab, Pot_on 
Dl1ot1e <M. v.) • 

1'14., 3fSI157-171. 

lDIO. !he &II.orptlOI\ ot .041_ lOBI 1»7 
the or., tbh, 
LeYerl»ouU.t. • 
the exteJonal anlon. 

J. exp. Blol., 371 SM-M7. 

lDIOb ~ •• III. th •• ttect ot other 
ca 10na 1D th. external .olutlona. 

1'14., 37.&18-558. 

19100 !h. abaol'p)J0n ot chlorid. 1nou 
b7 tb. 0. lab, Att'99' palll". 
Lever~ulIet • 

Ib14 •• 37.557-571. 
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baw, I. 

A 
\ltcur~, D.V. 

S1!!P'OI1, G.G., 
R~, ,., A 
Lov.nUn, R.C. 

lth, R.I. 

19800 

1.1 

1980 

!b. I. al.. ot O.aor.platton. 
U CoaparatlY. Blochea1.tlT, 
Vol.a, 14. M. rlorklD A B.a.Maeon, 
Ao..-.l0 '''''' lev tork. 

8\\1dl.a on .. 1.~~~ bala" 10 
o HllI ~ ao4 0 pulex. 

I. exp. Bl01., 38'1-1t. 

• tltatlYe ZoolOI"~ Harcourt, 
ra" A COIIPaDT, lev lork, 

pp.yl1 + 440. 

hbl'1ol11e 4n.lopunt 10 th. ylY1-
paroDI ur.14 po17chaete, '"g""a 
Usb" Bartaa. 

I. Morph., 81'411-486. 

1953 !be d1atr1buUon ot the pol,chaete 

1955a 

I llchtl 1n the Salinas 
Yer atu.." CaUtomia 10 

relatlon to aa11n1t,r, 1;&6.1 • 

Bl01. hU. ~ood. Hol •• , 105.335-341. 

On til. diatl'l tion ot !.HHI. 
iiy".lg0lpE 1n "latl~.allnltr 

11 the Y101n1tr of fyU'lltnn., 
r1nla04, aid the Iaet~ord, ark. 

Ib14., 1oa.3~. 

1955b COlI arlaoll ot tIM lw.1 ot cblor14. 
,eplatton 'p::['l.4t'".1!glq, 
In 41ft.,ent a t ta ,eo" .. 
phloal, •• 

Ib14., 10;1453-414. 

1 550 al1ol', Tarl.HOD 10 1nt,,.'1t1al 
water ot .Ind at x... I." Ml11-
port, v1th I'.t. I to th. 411-
trlbutloD ot ',!!la 41TI,aleplq'. 

I. Mar. bl01. Ala. 11.1., 34.33-.... 
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" . .. 
INTRODUCTION 

• 

• 

WHILE the osmotic ~haviour of fuarine polychztes has been studied by 
several autho~ (Schlieper. 1929; Ellis. 1933. 1937; Beadle. 1934. 1937. 
1943; Bethe. 1934; and Adolph. 1936). t e osmotic properties of their eggs 
and larva: hav~ received no attention. McClendon (1910 a. b). R. S. Lillie 
(1916. 18). Runnstrom (1925). Luke and McCutcheon (1925-26). Bialaszewicz 

• 

(1927). Needham ( 930). Euphrussi and Rapkine {1928). Needham and • , 
Needb,am (1930 a. b). Ranzi (1930) und Northrop (1926-27) have performed 
experiments on tbe osmotic properties of the eggs of sea urchins and of Sepia 
among the invertebrates. but have not investigated the behaviour of the 
larva: and adults of these./ orms. An investigation of the osmotic properties 
of the eg • of larva: and of the adult of the same species may throw light 
on the adaptations of species to different habitats during their whole life 
cycle. In the present paper an account of the behaviour of eggs and larva: 
of the brackish water polycha:te. Marphysa gravelyi Southern is given and 
will be followed later by a study of the osmotic regulations of the adult. . ~ ~. 

MA l'ERIAL AND METHODS 

North of the Zoology Laboratory (Madras University) where the 
present investigations were carried on is the River Cooum. Except in the 
monsoons the river does not flow into the sea because of the formation of 
a sand bar at its mouth. By virtue of the formation of 'tbe ~d bar at the 
mouth. about 00 yards up the river. the bed of the river is ~dy and beyond 
it. it becomes gradually soft and clayey. The salinity of the waters at the 
mouth is almost that of seawater and decreases as one travels up the river 
into the mterior. In the vicinity of the clayey region the salinity of the water 
ranges between 20 0/00 and 34 0/ o...in the different months of the year. it being 
the minimum during the rainy season and highest in the hotter months. 
Thus there are fluctuations in the degrees of salinity all the year round. Here 
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200 B. Krishnamoorthi 

may be seen during February to September, and in lesser numbers in the 
months of December to February (Aiyar, 1931), numerous pear-shaped 
masses of jelly which are the egg-cases of Marpilysa graveiyi. Embedded 
in this jelly are large numbers of eggs, distributed evenly throughout the 
spawn. These egg-cases are firmly rooted in the soft mud by long stalks. 
Since the soil is soft, they can, however, be dug out easily. Such egg-cases 
were collected carefully and brought to the Laboratory along with the water. 
They were left in glass tanks and samples of eggs were removed from the 
cocoon from time to time for study. An account of the development has 
already been given by Aiyar (1931). As an adaptation to its habitat, the 
trochophore stage in the development of Marphysa is eliminated and even 
the earlier stages of development are undergone within the jelly. It is only 
when a stage which corresponds to the initial metatrochophore stage is reached, 
after a period of 3t days, that the larva: come out of the jelly and swim about 
in the medium. Such larva: were collected for experimentation. 

The object of the present investigation being the determination of the 
effects of different concentrations on the volume changes in the eggs and 
larva:, it was necessary to measure their volumes. The method suggested 
by Weil and Pantin (1931 a, b) was followed in determiillng the diameter 
and area of the eggs and larva: respectively. The diameter was measured 
direct by making use of an ordinary. ocular-micrometer. Instead of a ghost­
micrometer a net-micrometer was used in the eye-piece and the areas of 
the larva: were directly read off. For every such determinatio'n eye-piece 
x 5 and objective x 40 were used and the magnification kept constant. Since 

the eggs are spherical, the volumes of the eggs were calculated by making 
use of the formula 1(6 22(7 d' as suggested by Krogh (1939). The volume 
of each egg and larva recorded in this paper represents the mean volume 
of six readings. For experimentation the eggs and larva: from a single 
spawn were used. 

A. Experiments Oil Eggs 

EXPERIMENT I.-Hypotonic Media and its Effect on Volume Changes ill the 
Eggs 

(a) Increase ill Volume ill Differelll Hypotollic Media.- Six eggs of a 
single spawn were isolated from the jelly and the diameter was first measured 
and the volume calculated. They were transferred to petri dishes containing 
sea water of a particular strength for 30 minutes. At the end of which the 
diameter of each egg was read and the volume calculated. 

In a similar way the experiment was repeated with different concentra­
tions of the medium. Graph I indicates that the increase in volume is 
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GRAPH I. Incre.1s in volume in different Hypotonic~Medi3 

proportional to the dilution of the medium used. This observation agrees 
witb the results of Lillie (1916) and Runnstrom (1925) on the eggs of Arbacia 
and Paracelltrotlls lividus respectively. 

(b) Volume Changes in Hypotonic Media during Different lntervals.-
400 Eggs taken from a single spawn were left in a petri-dish containing hypo­
tonic medium of a known concentration. The volumes of six eggs were 
determined for a period of 31 hours at intervals of every 15 minutes. The 
fi gures recorded indicate that the volume increases in about 30 to 45 minutes 
and decreases subsequently (Curve 3, Graph 2). The eggs reach their 
original volumes irrespective of the strength of the medium within 31 hours . 

(c) Volume Changes in Hypotonic Media during Different Intervals.­
Five to six hundred eggs were immersed in a medium of a particular con­
centration (16· 65"/00) and the volumes of six eggs were determined after an 
interval of every IS minutes for a period of 3 hours and later after intervals 
of 4 hours for a period of 40 hOilrs . Curve 2 in Graph (2) shows the results 
of such an experiment. They indicate that the eggs increase in volume 
within the first half hour and t.hen begin to decrease in volume. The volume 
shrinks to the original level in 31 hours but the decrease continues for about 
24 hours till the egg is 92 ·6% of the origina l size. There is no shrinkage 
beyond this upto a period of 40 hours. 

During this decrease in volume obviously due to loss of salts. nearly 
41· 2% of the eggs died within 24 hour~ and abo ut 50% died in 40 hours. 
It is quite probable that the initial increase in volume wes due to the higher 
concentration of the egg and later due to loss of salts as well as water there 
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GR.\ PH 2. Vo!ume Ch:mges in Hypotonic and H ypertonic Media during different intervals 

was shrinkage of volume. The differences in the rate and amounts in loss 
o.f saits essential for normal well being, probably account for the mortality 
of 50% of the eggs-for by 96 hours all the eggs died (vide infra). 

(d) Volume Changes in Hypertonic Media during Different interl'a/s.-
200 Eggs were immersed in a hypertonic medium of 29· 73 0/ 00 and the 
volumes of six eggs were determined after an interval of every 15 minutes 
for a period of 3 hours and latl!r after intervals of 4 hours for a period of 
32 hours. Curve I , Graph (2) shows the results of such an experiment. 
The readings recorded indicate that the volumes decrease at first and reach 
the maximum in 45 minutes and subsequently the volumes increase. The 
volume increases to the original level in 3 hours and the increase continues 
for about 12 hours till the egg is 106· 2% of the original size. There is no 
increase in volume beyond this upto a period of 32 hours. 

During this increase in volume, obviously due to uptake of salts and 
water, nearly 41 ·6% of the eggs died within 12 hours and about 75% died 
in 32 hours. It is quite probable that due to the higher concentration of 
the external medium, tbere is an initial decrease in volume and later due 
to uptake of water as well as saIts from the medium there is an increase in 
volume. The differences in the rates of diffusion of salts and water into 
the egg probably account for the different percentages of mortality and also 
tbe final volume being greater than the original. 
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A comparison of the Cur.ves I and 2 in Graph (2) suggests that as at 
A and B the eggs may be isotonic with the two different media used, it is 
probable that C gives the osmotic concentration of the egg. 

EXPERIMENT D.-Effect of Hypotonic Media on the Development: Eggs 

(a) On Eggs without Jel/y.-Numerous eggs removed from the jelly were 
exposed to different salinities. After every 24 hours of such exposure, 100 
eggs from each lot were taken and the number of eggs that were dead * were 
counted. Column A in Table J gives the results of such a series of experi­
ments. The figures indicate a rise in mortality correlated with a prolongation 

TABLE I 

Effect of Hypotonic Media on Development-On Eggs without jelly, 
with jelly and larva 

A I B I c 

Concentration Egg- Without J . Ily I Egg- With Jelly I Larva 
of the medi urn 

;'" 
24 48 72 j 6 24 48 72 24 48 72 

brs. brs. brs. brs. h". hrs. h". brs. hn;. hIS. 

Distilled water' . .. .. .. ' .. 5% 7% nil . . I .. .. 
11·40 .. .. .. .. . . 3% 6% nil 
14·45 .. .. .. . . .. 100 % 100% lOO ~~ 
15·39 .. .. .. .. .. 2% 5% nil 
15 · 66 .. .. . . .. .. .. " . . 53 % 51 % 53 % 
16·82 .. .. .. .. .. .. . . . . 24 % 22 ~" 22 ~{ 
17· 50 .. .. .. .. . . 2 '-' 

" 
nil nil 

17· 78 .. 33 ·3 % 86·6% 88·3 % 100 r. .. .. .. 
17· 86 .. .. .. .. 6% 7 ' I nit .. . . .. 

" 18·42 .. 10·0 % 83·3% 84·3 % 100% .. .. .. .. .. 
20 ·63 " .. .. .. .. 3% 3% nil .. .. 
20·66 .. .. .. .. .. .. .. . . 2% nil nil 
21· 88 .. .. .. . . .. .. . . . . 2" " nil nil 
22 · 18 .. .. .. .. . . .. 1% nil nil 
24 · 33 .. .. .. .. 4% 3% nil .. . . .. 
30·12 .. 6.6 % 66·6% lOO'O~ 100 % .. .. .. .. 
31· 05 .. .. .. . . .. .. .. . . 1% nil nil 
31·ll . . .. .. .. .. nil nil nil .. .. 
31 · 30 .. .. .. .. .. .. . . .. nil nil nil 
33 · 42 .. .. .. . . " .. .. . . nil nil nil 

96 
brs. 

. . 
100% 

53 % 
23% 

nil . . 
. . . . 
. . 
nil 
nil 
nil . . . . 
nil 
. . 
nil 
nil 

of exposure, till all the eggs died after 96 hours. The table also indicates 
that the mortality increases in media of lower salinity. 

(b) On Eggs with Jel/y.-A single, complete and uninjured egg case was . 
allowed to develop in each of the different media of known salinities. After" 

• Complete cessation of 'the setting movement of the yolk indicated the outset of death. 

CENTRAL  
MARIN

E FIS
HERIE

S R
ESEARCH IN

STITUTE, C
OCHIN

.



204 B. Krishnamoorthi 

a duration of every 24 hours the number of eggs that were dead were counted. 
It is evident from Column B in Table (I) that the rate of mortality is compa­
ratively low and at the end of 72 hours all the eggs hatched out into larva: 
irrespective of the salinity of the outside media in which they were left. 

B. Experiments on Larva (Initial Metatrochophore) 

EXPERIMENT I.-Hypotonic Media and Its Effect on Volume Changes 

(a) Increase in Volume in Different Hypotonic Media.-The volumes of 
the larva: hatched in the laboratory were first determined. Six of them 
were left in each of the seven petri dishes containing different concentrations 
of brackish water of the natural habitat of the worm. The volumes of these 
larva: were measured after 30 minutes in each case so as to determine the 
effect of the different media on the volumes of the larva:. Table II shows 
that in and beyond a salinity of 14 ·43 %0 the larva: swell and disintegrate. 

Concentration of Lai .... ae 
the medium Initial meaD volume 

%. V 72C" % 

Distilled water I I 
DISINTEGRATES 

7·43 .. I 
9·4:1 DiS1NTEG RATES 

10·83 I 13 ·31 
14 ·43 DiSI NTEG ~ATIis 
16·72 
17 ·76 91·33 24·0 
19·20 .. .. 
21·10 88·33 22·7 
26'01 .. 
26·10 84·50 17 ·4 
34·14 81·56 13·4 

(b) Volume Changes in Hypotonic MediO during Different Intervals.-A 
number of larva: were exposed to hypotonic media of different concentra­
tions graded from 33 ' 52 °/00 to 22 °/00 in order to determine their behaviour 
at different intervals. They were exposed for 31 hours and the volume 
measured at an interval of every 15 minutes. Graph (3) shows that in all 
cases the original volume was regained afier a duration of 31 hours and 
that the larva: are capable of reaching osmotic equilibrium in the different 
concentrations of the media. 

ExPERIMENT n .-Hypotonic Media and Their Effects on Development,' Larva 

A number of larva: of same age were allowed to continlle their develop­
ment in nine different grades of hypotonic media of known salinities in order 
to test their effect on the development of the larva:. Controls were also 
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GRAPJ-( 3. Volume Changes in Hypotonic Media during different in'tervals 

maintained. After every 24 hours the rate of mortality was calculated and 
Column C in Table I shows the readings of such a series of experiments. 
The experiments were continued for a period of 96 hours at the end of which 
period al1 the larva:: developed into the next stage . . The low rate of mortality 
bears testimony to the fact that the larva:: continued their development irres­
pective of the low salinity of the media in which they were allowed to develop. 
It is further evident that larva:: are not able to tolerate a medium which faUs 
below a salinity of 14 ·45 "100' 

DISCUSSION 

The investigations.of Loeb and Westeneys (1915) on the eggs of FWldulus 
heteroclitus are of interest since they found that the eggs of this marine fish 
can develop and hatch in distilled water. They conclude that the proto­
plasmic membrane of these eggs is impermeable t<? salts and almost imper­
meable to water. Ramult (1925) who studied the influence of salt solutions 
upon the development of Daphnia eggs, Gray (1920, 1932) and Krogh and 
Ussing (1937) who studied the eggs of Salmo, a fresh water trout, have come 
to a similar conclusion since they found a normal and healthy development 
in al1 of them due to the impermeable membrane, . conserving and protecting 
the internal concentration . . The envelopes of the eggs of the present form 
show that they are permeable both to water and salts and exposure for about 
24 hours to a hypotonic medium of 17'78 0

/
00 

proves harmful for the normal 
development of about 33·3% of the eggs. If the exposure is for 48 hours 
the percentage of mortality of the eggs rises to 86·6%, until at the end of 
96 hours all are dead. In a state of nature, however, the eggs are covered 
with jelly and changes in salinity through long periods of exposure do not 
affect the development of eggs. Therefore it can be concluded that the 

• 
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206 B. ·Krishnamoorthi 

envelop of jelly protects the eggs and serves the same purposes as the non­
permeable egg coats of animals without jelly. 

, In the light of the observations made by August Krogh, Agnes Krogh 
and Wemstedt (1938) on the osmotic behaviour of the eggs of Pleuronectes 
jfesus and Crenilabrus exoletus, teleosteon fish , the conclusion that the eggs 
of the present form are permeable both to salts and water seems to be justi­
fiable. The behaviour of the eggs, which these authors studied, show that 
they decrease in diameter in water of 25-34 0

/
00 

at first, but increased to the 
original later. The eggs of the Polychrete, Marphysa gravelyi, also decreased 
in diameter in water of 29.73 0

/
0 0 

in the first 45 minutes but increased to the 
original in 3 hours, suggesting that they are permeable both to salts and 
water. Needham (1930), Ephrussi and Rapkine (1928) who studied the 
osmotic behaviour of the eggs of Strongylocentrotus Iividus during their deve­
lopment siress ~he fact that they absorb large amounts of salts from the 
surrounding water. Ranzi (1930) observes that the eggs of Sepia officinalis 
increase in weight, ash content and water content during development. But 
in the present form shrinkage in volume due to loss of water and salts is seen. 
It is quite probable that due to the loss of salts and water which are quite 
essential for a normal and healthy development the eggs die and the rise in 
the percentage of mortality is directly proportional to the length of exposure . 
But the initial increase in volume in the eggs of the present form is probably 
due to the fact that the' rate of inflow of water is greater than .the rate of loss 
of salts, which indicates that the eggs must have had a greater concentration 
at the beginning. Similar conclusions were arrived at by Lillie (1916, 1918), 
Northrop (1926- 27) and Runnstrom (1925) who observed an increase in 
the volumes of the eggs of echinoderms· when they were subjected to the 
effect of different hypotonic media. 

The . experiments regarding the effect of different hypotonic media on 
the volume .changes of the larvre suggest that when they are exposed to 
different diluted media there is an inflow of water through the skin. But 
when they are exposed for a long time, they show a recovery of 
the original volume, indicating loss of water probably through the excretory 
organs. Since nephredia of the protonephridial type are already developed 
at this stage of the larvre, it can be supposed that the excretory organs are 
responsible for osmo-regulation. Westblad (1922) who came to a similar 
conclusion, emphasises the fact that the flame cell system in the turbellaria 
is mainly concerned with osmo-regulation. Herfs (1922) by observing the 
rate of pulsation of flame cell system in rotifers and trematodes in solutions of 
different osmotic pressure, has obtained more direct evidence cf their osmo­
regulatory action. In the light of the above observations it is justifiable to 
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conclude that the recovery of the original volume, through the excretion of 
the water taken up during swelling, and the maintanance of a constant 
internal concentration, must be due to the activity of the protonephridial 
organs in the larvre. 

Krogh and Ussing (1937) further obserVe that the production of im­
permeable plasma membranes is probably a general mechanism for the 
protection of eggs in fresh water against osmotic swelling, a protection which 
can be dispensed with when mechanisms for the excretion of water become 
functional in the embryo. The observations of Ikeda (1937 a) on the eggs of 
Oryzias [ali pes, a fish living in fresh water and brackish waters of Japan, 
furnish another example of this kind. Since in the present form there is 
already a larval kidney (of the type of protonephredia) functioning, the 
larvre seem to ,have dispensed with the ,Jrotection afforded by the jelly. The 
almost insignificant low rate of mortality of the larvre ·when they are exposed 
to different hypotonic media further strengthens the conclusion that the larvre 
at this stage are able to maintain a steady internal concentration due to the 
presence of the functional kidneys which begin to actively excrete water. 

The different modes of behaviour as exhibited by the eggs and larvre . 
when they are exposed to the effects of similar hypotonic media, further 
suggest that the eggs can scarcely be supposed to possess mechanisms specially 
adapted for invasion of water with fluctuating salinities, whereas the larvre 
are endowed with well-developed excretory organs which serve as the osmo­
regulatory mechanism, as evidenced by the present investigations. 

SUMMARY 

I . Experiments regarding the effects of the hypotonic and hypertonic 
media on the volume changes are described and the conclusion th~t the eggs 
are passive as far as the transport of the salts and water are concerned is 
arrived at. 

2. The rate of mortality observed when eggs with jelly and without 
jelly were subjected to hypotonic media is recorded and the conclusion 
that the envelop of jelly acts in the same way as an impermeable membrane 
in the case cf eggs of other animals is drawn. 

3. The effects of hypotonic media on the volume of larvre is described 
and the role played by the excretory organs and their importance in osmo­
regulation is indicated . 
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INTRODUCTION 

THE present investigation was undertaken to understand the role of osmotic 
regulation in the distribution of four species of polychaetes, viz., Glycera 
embranchiata, Onuphis emnita, Loimia medusa and Clymene insecta in the 
brackish-water zones of Adyar, Madras. O. erimita .lIong with G. embran­
chiala are restricted to the shore and do not occur in the brackish-water 
zones: L. medusa occurs in the brackish-water zone but confined only to 
regions of higher salinity equal to the salinity of sea-water. The latter species 
also occurs in the Madras Harbour predominantly marine in habitat. C. in­
secta, on the contrary, occurs only in the upper purely brackish-water reaches. 
Volume regulation and their capa<;ities for survival have been used as the 
criteria for understanding their distribution and their abilities for osmotic 
regulation. 

MATERIAL AND METHODS 

All the worms for investigation were collected from the Madras sea­
shore and the brackish-water regions of the Adyar Estuary. Only those 
worms which were vigorously active were used for experimentation. All 
worms either mutilated or otherwise showed' signs of injury and/or inactivity 
were discarded. Excepting for change of fresh media given daily, no special 
care was taken in rearing them in glass troughs in the laboratory. All worms 
continued to thrive well for weeks together under these conditions. All 
experiments were made at a room temperature of 28· 5 + 0.5° C. Animals 
marked for experimentation or under experimentation were Bot fed, All 
dilutions were of sea-water made up to the desired concentration 
by the addition of distilled water. The volumes were determined by the 
method of Lowndes (1942). All values given are the averages of six sets 
of determinations. 
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REsULTS 

Experiment I. Capacity for Survival in Hypotonic Media .-A hundred 
worms belonging to each of the four species, viz., G. embranchiata, O. erimita 
L. medusa and C. insecta; were exposed to the following three dilutions: 
18 . 62%." 16· 32%. and 10· 54%.,. In order to judge their capacities for tolerance 
of hypotonic media, their rates of mortality were followed at intervals of 
24 hours (Table 1). The general trend of mortality, which increased with 
increasing dilutions, was the same irrespective of the species studied. The 
higher the dilution the greater was the rate of mortality. Further the rate 
of mortality also increased with the time of exposure. In 24 hours in a medium 
of 18 ·62%." G. embranchiata suffered the maximum rate of mortality of 26%. 
C. insecta with only 12% showed the minimum; L. medusa and O. erlmita 
with respective rates of 24% and 22% ranked in between the two previously 
mentioned species. At the end of 48 hours all the four species exhibited 
an incre~sed rate of mortality until 96 hours when 98% of G. embranchiata, 
O. erlmita and L. medusa were dead. C. insecta alone reached only 26% of 
mortality. The rates and trend of mortality were similar in other dilutions 
of salinities of 16 ·32%., and 1O·34%.,. C. insecta alone showed better capa­
cities of survival. They .reached as high a per cent. as 98, only in a dilution 
of salinity of 10 · 34%., and that at the end of 96 hours. 

TABLE r 

% Rate of mortality at intervals of 24 hours in 
dilutions of salinity 

Name of , 
species 18·62%., I 16· 32%., 10· 34%., 

24 48 72 96
1

24 48 72 96 1 24 48 72 96 
I I 

G. embranchiata 26 45 82 98 42 56 86 98
1 

98 100 .. 

O. erlmita 22 41 85 98 36 57 88 98 I 100 . . 

L. medusa 24 44 82 98 98 100 .. 100 . . 

C. insecta 12 16 18 26 24 32 48 69 , 55 68 74 98 

The variations in the rates of survival exhibited by the different poly­
chaetes could only be due to their capacities for osmotic regulation as 
reflected by their abilities for volume regulation. In order to test this possi­
bility the following experiments on the effect of hypotonic media on the 
lQlume changes were performed on each of the above four species . 
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Salinity Tolerance & Volume RegulatiOit in Polyc"4d~ ~5 

Experiment 1I. Volume Regulation in Hypotonic Mtdia ill G. embral1-
chiata.-Out of a lot of worms collected from the natural habitat and accli­
matised to laboratory conditions, six vigorous worms of similar sizes were 
selected and exposed to three dilutions of salinities of 8· 62J'oo, 13· 70%. and 
20·72%.. They were exposed for a period of 8 hours and their volumes 
measured at intervals of 1 hour (Fig. 1). All the worms increased in volume, 
in the respective salinities, by 55%, 40% and 28% at the end of the 1st hour 
and continued to increase thereafter. By the end of 4 hours they reached 
in the respective salinities , the maximum per cent. increase in volume registered 
at 60%, 45·6% and 32·7%. These final volumes reached at the end of 4 hour5 
were maintained even at the end of 24 hours when further observations were 
discontinued. It may be seen that the per cent. increase in volume increased 
with increasing dilutions and that the final volumes reached were ,also pro­
portionate to the dilutions to which the worms were exposed (Table m. 
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FlO. I. Volume changes in G. embranchlQla In three different hYPOlonic media durin a: difftr­
ent intervals. (0 _ '_0_' 8'62',co; / ... 13 0 70°/,0; 0 _ 0 20 ·12r..) /....- -- -

Experiment Ill. Volume Regulation ill Hypotonif Media in O. erfmitA.- A 
batch of six worms of equal sizes were exposed to hypotonic media of similar 
salinities as used in the previous experimellt. The changes in volumes at 
intervals of 1 hour over a period of 8 hours wer~ foUowc;d , In a\l the exper\' 
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mental media the wotmS in l .hour ·reached tbe maximum volumes of 60% , 
44% and 29,40% in ,the respective dilutions 'of 8 . 62%." 13 · 70%. and 20· 727'00' 
At the end of I hour the volumes decreased reaching in the respective dilutions, 
thtdinal .vo!UJIies urIs· I %, 17·4% and 12·6% at the end of 3 hours (fable 11). , . ' 

TABLE 11 

% Increase of volume % Final volume after 
Name of after I hour in dilutions 4 hours in dilutions 
species of salinities of salinities' 

8·62%. 13·701' .. 20·72%. g·62%. 13·70%. 20·72%. 

O. erimita .. 60·0 44·7 29·4 18 ·1 17·4 12 ·6 

L.medusa 58·6 42·2 26·8 17 ·6 15·6 10·3 
-~- -

C .. Insecta .. 50·8 35-8 21·1 10·4 8'2 5·2 

G. embranchiata 55·0 40·0 28·0 60·0 45·5 32'5 

These final volumes were maintained during the rest of the period and even 
at the end of 24 hoUrs (Fig. 2). The initial increase in volume during the 
first hour must be due to the inrush of water against an osmotic gradient 
and the subsequent decrease must be due to loss of salts as has been observed 
in a number of polychaetes by Schlieper (1930), Beadle (1937) and Krishna­
moorthi and Krishnaswamy (1962). 

Experiment IV. Volume Regulation in Hypotonic Media in L. medusa.­
An experiment similar in features and procedure was repeated with L. medusa 
as the experimental material. Figure 3 represents diagrammatically the 
results of the experiment. This species also increased in volume reaching 
the maximum volumes of 5S ·6%, 42·2% and 26·S% in hypotonic media 
of 8' 62%." 13· 70%., and 20·72%. at the end of one hour and later decreased 
in the respective media to the final volumes of 17· 6%, 15·6% and \0. 3% 
at the end of 3 hours (Table II). The final volumes reached at the end of 
3 hours were maintained till the end of 8 hours and even at the end of 24 hours 
(Fig. 3), The initial increase and subsequent decrease in volume must be 
due to similar factors reported for O. ertmUa. 

Experiment V. Volume Regulation in Hypotonic Media in C. insecta.­
A similar experiment as described earlier was repeated to understand the 
QSJIH;>tiC . bebavio\lr of C. insecta when exposed to hypotonic media. Tbe .. . ..' "' 
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FIG. 2. Volume changes in O. t,imila in three different hypotonic media during different 
intervals, (.-.-.-. 8'62', .. ;/.. 11800, .. ; .-. 20'72%,),(- - --
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368 B. K1usHNAMOOllnn 

initial increase in volume at the end of 1 hour in the respective dilutions of 
8'62%.,13·70%. and 20·nr .. , however, were 50·8%, 35 ·8% and 21 ' 1% and 
the final volumes 10·4%, 8'2% and 5·2% (Table II, Fig. 4). 
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Flo. 4. Volume changes in C. iruecta in three different hypotonic media dwing differenl 
intervals. (.-._.-. 8.62'/,,; /., 13 ' 70'/ .. ; .-. 20' 72'/N') J., - -_ . 

It may thus be seen that except G. embranchiata the rest of the worms, 
viz., O. ertmita, L. medusa and C. insecta, showed similar behaviour when 
subjected to stresses of hypotonic media. AU of them increased in volume 
at the end of the first bOUT and subsequently decreased reaching a final and 
steady volume at tbe end of 3 hours which was maintained even at the end 
of 24 hours. The initial increase and Ihe subsequent decrease in volume 
must •. be due to inrush of water against an osmotic gradient to begin with 
and 'subsequent loss of salts. G. embranchiala alone did not exhibit this 
behaviour. Indeed it also increased in volume at the end of I hour. Bu t . 
it continued to increase reaching the maximum at the end of 3 hours. Thi ~ 

was maintained even at the end of 24 hours. Among the former three species 
in an apparently similar behaviour a difference yet could be noticed. The 
initial increase in volume at the end of the 1st hour and subsequent decrease 
to a final volume at the end of 3 hours were different in the different species. 
While, no matter what the dilution was, both the initial increa,se in voll!ll1~ 
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and the final volume attained were the highest in O. erbnita; in C. insecta 
it was the lowest; and L. medusa ranked in between the two. The initial 
increase in volume at the end of 1 hour in G. embranchiata was as high as 
that of O. erbnita. 

REMARxs 

All the worms used in the present study without exception exhibited 
increase in volume reaching a maximum during the first hour of their introduc­
tion to experimental dilute media and, excepting G. embranchiata, decreased 
subsequently reaching a final steady volume at the end of 3 hours. This 
agrees with the observations of Schlieper (1930); Beadle (1937); and Topping 
and Fuller (1942) made on a number of polychaetes. However, both the 
maximum volume reached at the end of the first hour and the final volume 
attained at the end of 3 hours, irrespective of the media used, varied in the 
different species. This variation can probably be correlated with the habitats 
these worms have been taken from. Whereas G. embranchiata and O. erbnita 
were taken from the shore and L. medusa from shoreward regions of the 
Adyar brackish-water zones; C. insecta was taken from the upper reaches 
purely brackish-water in character. O. erbnita showed the highest initial 
increase and the lowest subsequent decrease. L. medusa ranked in between 
O. erimita and C. insecta. In this latter species, namely C. insecta, both the 
initial increase and the final volume attained were the lowest. It is known 
that"increase in volume is pronounced in poikilosmotic than in homoiosmotic 
animals (Prosser et al., 1950 ; J~rgensen and Dales, 1957). Therefore the 
occurrence of C. insecta in the upper reaches of the brackish-water zones 
couId· only be due to greater powers of volume regulation being an euryhaIine 
form. The stenohaline forms O. erlmita and L. medusa with lesser abilities 
for volume regulation have, therefore, very limited distribution restricted 
only to the marine dominant regions. G. embranchiata alone among the 
forms studied exhibited a behaviour quite different from the others. It 
also increased in volume initially. But it continued to increase reaching the 
maximum volume by the end of 4 hours which was maintained even at the 
end of 24 hours. Although taken from the shore along with O. ertmita, 
the responses of this worm to osmotic stresses were thus different from those 
exhibited by either O. erimila or L. medusa both taken from marine-dominated 
regions. This may perhaps be attributed to the structure of the nephridia 
which, in this worm, is different from those of either O. erimita or L. medusa 
or C. insecta (the anatomy and histology of nephridia of these polychaetes 
are being published elsewhere). G. embranchiata possesses nephridia of the 
protonephromixial type with simple solenocytes performing the excretory 
functions. The others possess excretory organs of the mixonephridiaI type. 
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Perhaps the type of excretory organs present in G. emhranchiata are inefficient 
to meet the demands of baling out copious water that is absorbed against 
an osmotic gradient. Among the other polychaetes studied in C. insecta 
the proportion of the size of the nephridia to the size of the segment was 
greater as also the degree of blood supply (Krishnamoorthi, 1951 , unpublished). 
The importance of the role played by the nephridia in osmotic regulation 
has been stressed in Sabella pavonina by Ewer and Ewer (1943) and in some 
Nereidae by Krishnan (1952). 

If rates of mortality could be taken a measure of their capacities for 
survival in different anisotonic media, a comparison of mortality rates with 
volume regulation would be of interest. It was evident that of all the worms 
studied only C. insecta showed better capacities for acclimation to dilute 
media by suitable volume regulation. While the per cent. mortality of this 
polychaete in a salinity of 18· 62%., was only 26% at the end of 96 hours, 98% 
of G. embranchiata, O. ertmita and L. medusa died in that dilution at the end 
of that period. In lesser dilutions the rates of mortality even at the end of 
24 hours were higher in the latter three species than in C. insecta. The rates 
of survival among other factors, responsible for the distribution of a species 
in space, could only be explained in the light of their capacities for volume 
regulation, the greater the regulation the lesser the rates of mortality and 
farther the extent of penetration into a brackish-water region. It was small 
wonder, therefore, that G. embranchiata, L. medusa and O. ertmita which 
exhibited less regulation showed the highest mortality and lesser penetration; 
and C. insecta the lowest rate of mortality, better powers of regulation and 
greater penetration in the brackish-water zones of Adyar, Madras. Similar 
observations on Nereis virens have been made by Sayles (1935). 

SUMMARY 

1. Salinity tolerance and volume regulation in four species of polychaetes, 
viz., G. embranchiata, O. erfmita, L. medusa and C. insecta have been studied. 
C. insecta showed lower mortality rates and greater powers of osmoregula­
tion than those of the other three species of polychaetes. 

2. The distribution of these polychaetes in the brackish-water zones 
of Adyar, Madras, have been explained in the light of their capacities for 
tolerance and volume regulation. The probable role of nephridia in the 
unusual behaviour of G. embranchiata has been shown. 
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R.ecei\fd Septcmter 20, 1962 

I NTRODUCTION 

Marphysa gravely; Southern is a common polychaete which 0CQIn in die 
muddy substratum of the brackish-water regions of Madras, wIleR I&IiBities 
fluctuate ove!' a wide range (panikkar and Aiyar, 1937). 1ft ~ Ja» 
ratory under experimental conditions the worm is able to tolerate 4i1utions 
of sea-water ranging from 20-70% without any ilI-drects (KJUl>m'oDl'ttli, 
1951). An attempt was made to see the extent to wtrich tile tiesues of tile 
animal would tolerate sea-water dilutions. Similar studies haw been 
reported by Wells and Ledingham (1940). A knowledge of tile toleratioa 
of the tissues to hypo- as well as hypertonic media, williaeip iia ndarstaadiog 
tile importance _of the constancy of an internal fluid ud i" ......,0. 

MATERIAL AND METHoDS 

Marphysa gral'eiyi was collected in the brackish-water regiQe1s of the 

Ad~ti' The wo~s were washed in the medium and kept in water 
coli the. estu.a~l ' Survival rate was good ~nd the WGJIDS. ~ed 
in a condluon)liir over a week. Tbe estuarine wa .. 'at the time of 
collectioll was of the same strength as 30";' sea-water (salinity of sea-wate!': 

32·0roo)· 
The preparation for recording the activity consisted of a small Itrip of 

the animal 3' 2 cm. long. The head was removed and the .. ,.., anterior 
segments were utilised. One end of the worm was pinned .... a piece of 
cork and the other end was connected to an isotonic lever. The preparation 
was exposed to dilutions of sea-water in a glass tube of 30 JIll. capeclty" M<The 
movements were recorded in a kymograph drum, rotating at a very s1OOfttU6"1 
of I ' 5 em. per minute for 5-6 hours. The preparation was tIpCIIIed to a 
constant volume of the experimental medium for a period 01., JJ lIDloutes 
so that the shock effects of the change in mediul1l fMIer ' ftIaII Slow 
~cclimatisation were studied. 

r.' 
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84 B. KRISHNAMOORTHI AND S. KRISHNASWAMY 

REsULTS 

I. . ~ Effect ·oJ .1IJIpo- and Hypertonic Media • 
Whole wom1s ' (Fig. 1) as well as bits of worm (Fig. 6) exhibited spon-

taneous activity which was maintained for long periods of time. No rhyth­
micity could be recognised in the activity. In normal medium there is a 
continuous peristalsis going on, there being rapid contractions and relaxa­
tions of the body. muscles which is clear from the traces. 

When the medium (30% sea-water) is replaced with 25% and 20% sea­
water, there is an increase in activity which is maintained for several hours 
(Figs. 4 and 5). The preparation exhibits very rapid contractions of the 
body. Th~re is a definite drop in the height attained indicating that the 
prep,nation is in a slightly relaxed condition. In 15% sea-water it is very 
vigorolpl to begin with but trails off at the .end of a few minutes (Fig. 3). 
Wh"n the medium is changed and replaced with 10"1. sea-water, there is very 
ll~t1e· .. activity at first, but becomes more active at the end of a few minutes 
o.nly to remain quiescent again (Fig. 2). If replaced with distilled water there 
is practically no activity. In all the hypotonic media below 20% the markings 
do .not touch the base line indicating of the preparation being always in a 
sIig!1t~y ~ontracted condition. 

The', preparation, when transferred to hypertonic media of sea-water 
diluted to 40-45~"; and 50%, continued to be active (Figs. 7. 8. 9). In 60% • 

• • 

l 1. 
.I. • • 

2st ... 
' ~~,~ """ 

~,~ I 
FIG1. 

.~ ~ .. ~ 
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~A 

., 
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Marphysa gravelyi Southern (Polychaera) 85 

70"/. and higher concentrations the worm contracts and remains so (Fig- 10)_ 
When sucrose or urea is added to the preparation in 30% sea-water, there is 
a sudden decrease in activity suggestive of the worms responding to osmotic 
stress which seems to be the main factor affecting the hehaviour of the worm 
(Fig- 11)_ 

2_ Effect of lOlls 

_ Preliminary experiments conducted in the laboratory show that there 
is a loss of salts from the worm in hypotonic medium as indicated by change 
in conductivity (Table I)- It was therefore felt desirable-to study the effec 
of various ions so as to see how they affect the activity of the animal. 

TABLE I 

Reading at I hr. intervals in dilutions of sea-water* 

TIme 

I 
, 

I I I I 10% 20% 30% 40% 50% 00"10 70% 

Initial __ l o-60 x lo' 1-23xI0' 1.jO x 104 2-20 x lO' 2-60 x 10' 3-IO x IO' 3-90X 10' 

I hr_ •• 0-65X 10' 1-25 XIO' 1-70xlO' 2-20xI0' 2-60 x 10' 3- IO x IO' 3-90x 10' 

2 brs. -- o-es x JO' 1-25x III' 1-70x 10' 2-14x I0' 2·55 X 10' 3-IOxI0' --
3 Ius_ -- 0-S7 x 10' 1-27XI0' 1· ';1 X 10'4 2-19 x 1O' 2-58 x 10' 2-90xI0' --
-4 brs . .. 0-63 x I0 ' 1-25x 1O' 1·68 xlO' 2-2IxlO' 2-59x 10' 3-lO x I0' --

• All values are in I' mhos taken with a MlIllard Conducti vi ty Bridge and a dip-type of 
electrode. 

Artificial sea-water prepared according to the formula given by Pantin 
(1948) and diluted to 30% also elicited responses comparable to normal 
medium_ The preparation remained active and healthy for several hours 
(Fig_ 12)_ The activity in artificial sea-water without the particular ion is 
shown in Table II. When worms first treated with Ca+ free sea-water, 
were subjected to Na+ free water, they showed reduced activity (Fig_ 17)_ 

Jon 

Na+ free 
K+ free 
Ca+ free 

Mg+ free 

T ABLE II 

Remark s 

Activity presen t (Fig_ J:1) 
Activity as in Na+ free (Fig_ 14) 
Completely contracted but activity present 

(Fig_ 16) 
Complete relaxation _ Considerable activity 

present (Fig_ 15) 
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86 B. KRISHNAMOORTHI AND S. KRISHNASWAMY 

From Table It it would be clear that in K+, Na+ and Ca+ free ions the 
activity is maintained. [11 Mgt free sea-water the animal shows greater acti­
vity as evident from the traces (Fig. 15). 

, 
I I. 
I 

I~ 

FIGs. 12-17. 

REMARKS 

The results reported in the present paper clearly show that Marphysa 
gravely; Southern tolerates sea-water dilutions ranging from 20 to 70%, while 
the muscles are active only in ranges from 20 to 50%. Thirty per cent. seems 
to be the optimal salinity where the animals exhibit considerable activity. 
Wells and Ledingham (1940) observed a simi lar behaviour in four species 
of polychaetes. The results presented, however, can not be compared ,vith 
the results obtained by Wells and Ledingham (/oc. cit.) as only the shock 
effects and not the prolonged gradual acclimation have been studied here. 
The body volume changes very rapidly on transferring to hypotonic media, 
Therefore, there is very little "damping effeci " due to body integument. 
That the animal becomes very active is very interesting. In hypotonic media 
the spontaneous activity is quite evident and shows that the muscles are capable 
of working under conditions of reduced salinity up to a point. The effects of 
ions clearly show that Na+, K+ are essential . Absence of Ca+ produces very 
little contraction. In the absence of magnesium ions the preparation remains 
ycr; active. WeUs an~ Ledingham (Ioc, cit.) found that the high Mgt cOQ-
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Marphysa gravelyi Southern (Polychaeta) &7 

centration depresses the activity whereas low Mg+ content increases the acti_ 
vity. The present experiments have shown clearly that there is likely to be 
a regulation of the essential ions by the worm as indicated by the retention 
of activity in very low concentrations of sea-water and also from the results 
obtained with ions. Presence of Na+, K+ and Cat appears to be essential for 
a proper functioning. It will be interesting to study the ionic regulation 
in this animal to see if any particular ion is regulated. 

SUMMARY 

I. Whole worms as well as body wall preparations of Marphysa gravely; 
exhibit spontaneous activity in full strength as well as diluted sea-water. 

2. The preparation is very active in sea-water dilutions from 20 to 50"/.,. 
3. In Na+, K+, Ca+ free sea-water activity is present. In Mg+ free sea­

water, the preparation appears to be completely relaxed. 

4. While the whole worms tolerate sea-water dilutions ranging from 
20 10 70"1. the muscle preparation appears to tolerate only from 20 to 
50"1. sea-water. 
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(~oJoficaJ Reseurch LaOOraforJ. Unillersj/Y of Madras. MadrQs- 5) 

Roceived November 2, 1962 

(Communicated by Dr. S. Krjshn3~wamy. F.A St.) 

I. INTRODUCTION 

iN a recent paper (Krishnamoorthi, 1962) it was shown that the four 
polychaetes studied, viz., Glycera embranchiata Ranganathan, Onuplzis ertmita 
_ , Loimia medusa Savigny and Clymene insecta Ehlers, exhibited differ­
ences in their capacities for volume regulation when subjected to stresses 
of anisotonic media. Jurgens (1935). Beadle (1937) and Ewer and Ewer 
(1943) have brought evidence of the relative importance of excretory organs 
in the volume regulation of the polychaetes they had studied. It is known 
that the excretory organs exhibit differences in size and structure in nearly 
related species occurring in marine and brackish-water habitats as has been 
shown in fishes (Marshall and Smith, 1930 ; Nash , 1931) ; in Turbellaria 
(Westblad, 1922); in Crustacea (Marchal, 1892 ; Schlieper and Herrmann, 
1930; Schwabe, 1933; Peters, 1935) and in Polychaetes (KriShnan, 1952). 
It appeared, therefore, that a knowledge of the anatomy and histology of 
the Nephridia of the above four species would throw some light to account 
for the differences in their abilities for volume regulation and their distribu­
tion in a brackish-water environment. 

II. MATERIAL AND M ETHODS 

The polychaetes studied were obtained from the brackish-water regions 
or Adyar, Madras, as well as the shores of Madras. While C. insecta and 
L. medusa were taken from the brackish-waters. G. embranchiara and O. er&nita 
were taken from the intertidal zones of the Madras coast. The worms were 
collected and brought to the laboratory in earthen pots inmlediately. They 
were narcotised to ensure an extended condition with Chloral Hydrate and 
Menthol before fixing them. Gradual addition of 30% alcohol was also 
found suitable for narcotisation. Bouin's fluid , Duboscq Bouin, Zenker's 
fluid and Susa were found most suitable for fixation. Sections were cut 

19S 
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196 B. KJusHNAMOORTHI 

on a Spencer's Rotary Microtome to 4 to 7 p. thickness and were stained with 
Haemotoxylin or Borax Carmine which gave excellent results. All diagrams 
were made with the aid of a Camera Lucida. An ordinary micrometer was 
used for measurements recorded, keeping the magnification 5 x8 constant. 

Ill. (A) NEPHRIDIA IN O. erfmita ••• 

(i) Previous work 

Ehlers (1864) was the first to study the nephridia in Eunicidae. But 
it was Goodrich (1900, 1945) who gave a detailed account of the nephridia of 
Eunicidae. F age (1906) added to this knowledge describing the nephridia 
in some more genera. Aiyar (1933) confirmed the mixed nature of the nephri­
dium in Marphysa gravely; Southern, a common Eunicid of Madras. 

(ii) Structure 

The nephridia in o. ertmita, as in all Eunicidae, occur a pair per segment 
except in the few anterior and posterior segments where there are none at all. 
It is trumpet shaped with a wide nephrostome and a tapering nephridial 
canal which becomes the narrowest before opening out by the nephridiopore 
(Fig. I). Each nephridium occupies a position lateral to the longitudinal 
muscle and ventral to the pigment gland. It starts from the outer edge of 
the ventral longitudinal muscle and following its contour, runs outwards. 
At the level of the circular layer of muscles, it pierces through it as well as 
the epidermis to open by the nephridiopore at the base of the neuropodium 

The broad lIephrostome, with the anterior lip very close to the inter­
segmental septum and the posterior lip freely hanging into the segment, is 
cup-shaped (Fig. 2). The concavity of the cup is turned towards the coelomic 
space. It gradually narrows down till it becomes continuous with the 
nephridial canal. The walls of the nephrostome are made up of a single 
layer of similar cells 10 p. in length, with uniformly granulated and transparent 
cytoplasm. But the cell limits are not clear. Each cell bears a number of 
cilia packed together and overhanging the lumen of the nephrostome. Nuclei 
are excentric being towards the proximal end (Fig. 3). The nephrostome, 
except where it opens into the coelomic cavity, is surrounded immediately 
by the coelomic epithelium and an outer much vacuolated connective tissue. 

The commencement of the lIephridial callal from the narrower end of the 
nephrostome is not well demarkated. Cross-sections and longitudinal 
sections (Figs. 4 and 5) reveal that the walls of the nephridial canal are made 
up of a single layer of cubical cells 2 p. in length with not very distinct cell 
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Gross Morphology and Histology of Nephridia ill Species 0/ Polychaetes 197 

limits. In addition to small granules, bright refringent bodies and vacuoles 
are present in the cells. The lumen of the canal is of unifimn size all through 
its entire length except at the region of the nehpridiopore where it becomes 
constricted before opening to the outside. The nephridial canal, as the 
nephrostome, is surrounded immediately by the coelomic epithelium and 
an outer much vacuolated connective tissue . 

. At the time of maturity the nephridia take on the function of the genital 
ducts. In a gravid worm the nephrostome becomes much enlarged (Fig. 6) 
so also the nephridial canal to facilitate the passage of the genital products. 
Such a condition could be noticed only in the nephridia of the posterior seg­
ments and perhaps only the posterior segments are concerned in this process, 
while the nephridia of the anterior segments continue their excretory function. 
Similar observations in Eunice sp. have been made by Goodrich (1900). 

ill. (B) NEPIIRIDIA IN Loimia medusa SA VIGNY 

(i) Previous work 

We owe our knowledge of nephridia in Terebellids to Milne Edwards 
(1838), Keferstein (1862), Cunningham (1887 a and h). Schneider (1899), 
Cosmovice (1880) and Hessle (1917). 

(ii) Structure 

In L. medusa there are three pairs of nephridia- one in the cehpalic region 
consisting of the first three segments and the other two in the trunk region 
made up of the rest of the segments. The first pair is located in the III seg­
ment while the second and the third pairs are disposed inter segmentally 
between the VI-VII segments and VII- VIII segments respectively . A 
diaphragm demarkates, at their region of the /V- V segments, the cephalic 
and the trunk regions (Fig. 7). This division of the body and the arrange­
ment of the nephridia in L. medusa recalls the description of nephridia in 
Pectinaria belgica (Cunningham, 1887) which. however. has one more pair 
in the trunk region. 

(a) Nephridia of the Cephalic Region.- Commencing from the nephro­
stome which is situated near the gut, the first part of the nephridial canal is 
very narrow and runs 'dorsalwards to open into a wider part which is longer 
and runs straight outwards, after an initial twist. to the parapodia of the 
segment II, to open out by the nephridiopore on an elevated papilla (Figs. 8 
and 9). 

The nephrostome is spherical and globular in shape with a wide slit in 
the middle by which it opens into the coelomic cavity near tbe gut (Fig. I OJ'. 
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198 B. KRtSHNAMOORTHt 

The wall of the nephrostome is formed of a single layer of cells, 6 to 7 I-' long 
with indistinct cell boundaries. All the cells of the inner wall of the nephro­
stome carry a number of cilia measuring 151-' long directed towards the 
nephridial canal. The lumen of the nephrostome is broad and does not 
decrease in size. Further there is no trace of either coelomic epithelium or 
connective tissue surrounding the nephrostome. Unlike in Lal/ice cOl/chi/ega 
and Arenico/a (Cunningham. 1887) the nephrostome is not provided with 
digitate processe,. 

In a nephridium of 1140 I-' long, the first and the narrower part of the 
nephridia/ callal. 20 I-' long, commences its course a little cxcentrically from 
the nephrostome (Fig. 10). Its wall is one cell thick (Fig. II ). The cells 
have indistinct boundaries but have prominent deeply staining nuclei . The 

. cells bear cilia S- IO I-' long. The cytoplasm is uniformly granular. 
Vacuoles occur but rarely . Cellular inclusions like the refringent bodies 
are absent. It opens into the wider part of the nephridia l canal. 

The wider part measuring 1120 I-' in length is also one cell thick (Fig. 12). 
The cells are 8 I-' long and have better differentiated boundaries and centrally 
placed prominent nucleus. They bear longer cilia measuring about 20 I-' 
long. 

The cytoplasm is more granular towards the periphery of the cells and 
contains large refringent bodies. Hence this part of the nephridial canal 
is darker in colour than the rest. As Schneider (1899) describing such a 
condition in the nephridial canal in Peclinaria hyperborae, Terebellides 
stromii, Polymnia nebulosa and Polymllia nidensis considers the cells engaged 
in active removal of. excretory products, this dark-coloured pan of the 
nephridial canal in L. medusa may also be capable of a similar function. 

(b) Nephridia of the mmk region.- These nephridia (Fig. 13) differ 
from the_cephalic nephridia in the absence of the narrow region of the nephri­
dial canal so that the lumen is wide throughout- fit for the passage of the 
gonadial cells. Nevertheless, there is considerable similarity in the nephro­
stome being spherical and globular; the nephridial canal opening out on 
an elevated papilla; the cells of the wall of the canal having refringent bodies. 
It is probable that they discharge excretory function with equal efficiency. 
There is no common chamber or tube connecting all the nephr idia as in 
Peclinaria be/gica (Cunningham, 1887). 
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Gross Morphology alld Histology of Nephridia ill Species of Polychaetes 199 

III. (C) NEPHRIDIA IN Glycera embranchiata RANGANATHAN 

(i) Previous work 

Nephridia in G. unicornis, G. siphonostoma and G. convolullIs have been 
described (Goodrich, 1898). Fage (1906) has described the nephridia in 
G. alba and G. tessel/ata. Ranganathan (1942) created the species and gave 
a brief description of the nephridium. 

(ii) Structure 

The nephridia in this form, as in all other Glycerids, are of the proto­
nephromixial type (Fig. 14) and occur in all segments excepting a few anterior 
and posterior ones. Each nephridium consists of two parts, the proto­
nephridium and the coelomoduct. The protonephridium is a large sac-like 
swelling provided with characteristic solenocytes; and leads into a narrow 
duct opening to the exterior. The coelomoduct is modified to form a funnel­
shaped ciliated organ leading into a phagocytal sac (Goodrich, 1898). 
Composed of these parts each nephridium is intersegmental in position, the 
major portion being in front of the septum and the post-septal part being 
only of the duct, opening at the base of the parapodium. 

The protonephridium is without an opening into the coelomic cavity 
and consists of a sac-like nephridial swelling and the nephridial duct. The 
wall of the nephridial swelling is of a single layer of syncytial cells of granular 
character, enclosing a large cavity into wl\ich the solenocytes open. Each 
solenocyte is a spherical mass of protoplasm which narrows into the proximal 
transparent part attached to the nephridial swelling (Fig. 15). This narrow 
stalk-like portion is hollowed into a tube which dilates into a large intercellular 
cavity within the lumen of the cell (Fig. 16). The nucleus is situated at the 
spherical end. 

The nephridial duct is the narrow outward extension of this sac extending 
from the level of the septum to the ventral region of the para podia where 
it opens to the exterior by a narrow circular nephridiopore. The walls of 
the duct, as in the nephridial swelling, are syncytial with scattered nuclei and 
uniformly granular cytoplasm (Fig. 17). The lumen of the duct is continuous 
with the cavity of the nephridial swelling and contain excretory products. 

The presence of the excretory products in the lumen of the nephridial 
duct suggests their passage into it by the action of the solenocytes which 
probably absorb them from the coelomic fluid. Similar observations have 
been made by Goodrich (1898) in Glycera siphonostama and by Fage (1906) 
in Glycera tessellata. 
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The coe/omoduct part of the nephridium is an extremely short funnel­
shaped ciliated organ dilating into the phagocyta/ sac. The opening at the 
free end of the funnel-like ciliated organ, is a wide transverse slit bounded 
by thick upper and lower lips. The upper lip has a transverse groove on its 
dorsal surface running parallel to the edge. The cavity within the ciliated 
organ is lined by numerous cilia which by their movements drive the excretory 
products along with the coelomic fluid into the phagocytal sac. The lips 
consists of cuboid cells 8 JL long. 

The phagocyta/ sac is longer and wider than the ciliated organ. It is 
a thick-walled sac. Communicating in front with the ciliated organ, it is 
continued behind into a short blind tube which ends posteriorly to the 
septum. The cells forming the wall are cuboid and 12 JL long. whereas those 
of the blind tube are much smaller. In G/ycera siphonostoma and . G/ycera 
ullicomis (Goodrich, 1898) there are two blind caecae which increase the 
surface of this phagocytal sac. The large cuboid cells of this sac are phago­
cytal in character. The excretory bodies wafted into the sac along with the 
coelomic fluid are ingested by the cells of the sac. As there is no external 
outlet, it is not clear how these bodies are disposed of. Goodrich's (1945) 
suggestion that these bodies may be later digested by the cells and the waste 
matter may be passed through the walls of the protonephridial duct and thus 
reach the outside, seems likely. 

lll. (0) NEPHRID~ IN Clymene insecta EHLERS 

0) Structure 

There are four pairs of nephridia occurring in segments VI, VII, VIII 
and IX and each nephridium is of the mixonephridial type and extends the 
whole length of the segment. It is looped and consists of a nephrostome 
and two limbs of the nephridial canal, an outer limb running close to the body 
wall and an inner limb away from it. . The inner limb opens out by the nephri­
diopore at a distance approximatel!, 1/3 the length of the segment from the 
septum (Fig. 18). Invariably the third pair of nephridia is the largest in 
SIze. 

The Ilephrostome, which is funnel-shaped, has a transverse and elliptical 
opening, the axis being 96 JL long and consists of two lips. The upper lip 
of the opening is closely attached to the septum while the lower lip hangs 
freely in the coelomic cavity. Its walls are made up of a single layer of uni­
form cubical cells. Each cell, 8,.. long, has a spherical centrally placed nucleus. 
The surrounding cytoplasm is granular, granulation being more at the proxi­
mal end, CeJJular incl\(sipn lik~ ~e r~fringent bodies are absent (Fig. 19), 
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Arising from each cell and hanging into the lumen are a number of long 
cilia measuring about 15 p.. The lumen is of uniform size throughout the 
length of the nephrostome and is full of waste matter probably of a nitro- ' 
genous nature. The outer side of the nephrostome is covered by an extension 
of the coelomic epithelium which, however, stops short of the lips. The 
nuclei are uniformly distributed in this layer. Surrounding it is the loose 
and much vacuolated connective tissue which serves to fix the nephrostome 
to the wall of the coelomic cavity where the nuclei are not distributed 
uniformly. 

Though the opening is larger and elliptical in form the two lips appear 
always apart. The inflow of the coelomic fluid is thus uninterrupted. 

The nephridiaL canaL is a narrow tube commencing from the narrow 
end of the funnel-shaped nephrostome. It is I . 2 mm. long with a cnstriction 
beyond I· I mm., and it bends about it. The walls of both the limbs are 
made up of a single layer of uniform cubical cells each having a size of 10 p. 

(Fig. 20). The outer longer limb is darker in colour, has granular cytoplasm 
and contains refringent bodies (Fig. 21). The cells of the nephridial cahal 
contain vacuoles, also indicating water elimination. Arising from each cell 
of both the limbs are number of hair-like cilia which in a living worm can 
be seen actively beating away from the nephrostome. They hang freely 
into the lumen. Surrounding the limbs and very close to them lies the 
coelomic epithelium with its uniformly distributed nuclei. Outside the 
coelomic epithaliunr and surrounding the limbs is the connective tissue with 
its scattered nuclei. 

IV. BLOOD SUPPLY TO NSPHRiD1A 

The blood supply, the nephridia of Polychaetes receive, deserves atten­
tion because the amount of blood supply is not only a measure of the degree 
of metabolic activity but also throws light on the nature of their activity. 
In the Eunicid, O. erl7nita, the nephridia receive blood by a branch of the 
ventral blood vessel as in EWlice sp. (Goodrich, 1900). The main branch 
of the ventral vessel supplies the parapodia as well as the branchia and before 
it proceeds to the parapodia and the branchiae proper, it gives a subsidiary 
branch to the nephridium which breaks into capillaries on the nephridial 
body and is brought back by the general circulation of the blood to the epi­
dermis. Several of the capillaries end blind within the nephridia as in 
Marphysa sanguinea, also an Eunicid (Fuchs, 1906). The n~phridia of 
L. medusa are supplied by a vessel directly from the ventral blood vessel as 
in Terebella conchi/e1a (9.lnnin~, 1887), and CQQtail) blind-cnllin, 
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202 B. KRISHNAMOORTHI 

capillaries. As far as can be studied from sections the blood supply in 
C. insecta and G. embranchiata also is similar to the other forms studied . 

TABLE A 

Blood supply ill thefollr species of Polychaetes studied 

Genera 

Glycera 

Onuphis 
• -I 

Loimia 

Clymene 

Number of blind-ending capillaries in the worms 

151 2nd 3rd 4th 5th 6th Average 

12 12 II 12 12 12 11·83 

16 16 16 15 16 15 15· 66 

16 17 16 16 17 17 16·50 

23 23 23 22 22 23 22·66 

-~~~--

However, it IS evident (Table A) that the number of blind-ending 
capillaries vary in the different forms. If the number of such capillaries 
(which are obviously of importance because the blood they bring is un­
doubtedly irrigating the nephridial tissue) be counted and used as an index 
of the degree of vascularisation, we will have a basis for the comparison of 
different types of nephridia, and their grade of renal activity, as has been 
suggested by Jaquet (1885), Meyer (1888), Cosmovice (1880) and Ewer (1941) 
for the polychaetes studied. 

V. EXTENT OF THE EXCRETORY SURfACE OF THE NEPHRIDIUM 

RELATfVE TO THE SIZE OF THE WORM 

Evidence from the study of the structure of the nephridia of different 
polychaetes go to show that since the nephrostome does not take part in 
the actual process of excretion, except to aid in the collection of nitrogenous 
waste matter, the nephridial canal, lying between the nephrostome and the 
external opening, must be responsible for the different renal processes. The 
length of the canal, implying the greater number of cells, may therefore be 
an index of the excretory capacity of the nephridium of any animal. In order 
to arrive at some value likely to be constant for different genera of polychaetes, 
the ratio between the length of the nephridial canal to the length of the worm 
was determined in the different forms studied and tabulated (Tables 1, II, 
and III). Such a ratio was not deriva\;>le for Glycera embranchiata because 

CENTRAL  
MARIN

E FIS
HERIE

S R
ESEARCH IN

STITUTE, C
OCHIN

.



6ros,' Morphology ami Histology of Nephridia in Spu ies of Polyehaeles 203 

the cells of the wall of the nephridial canal are of syncytial nature and measure­
ments are not likely to be accurate. It is evident from the tables that in 
C. insecta the ratio is higher than in either O. erlmita or L. medusa. Such 
a grading on the basis of the excretory capacity tallies with their powers of 
tolerating dilution of the media and migration up the river (Krishnamoorthi, 
1962). Whereas C. Insecta is a pronounccdly euryhaline form, both 
O. erimita and L. medusa arc stenohaline. Such a correlation between kidney 
structure and the habitat · has been studied in Crustacea (Grabben, 1881 ; 
Schwabe, 1933; Parulekar, 1941); in fishes (Marshall and Smith, 1930) and 
in Polychactes (Krishnan, 1952). 

TABLE I 

Onuphis erfmita- Extelll of the excretory ,rurface relative 10 Ihe 

length of the worm 
... _--.. - -- .. ~ --. -'--'-. - -

Length of Length Length 
Length No. of each cell No, of of the of the 

No. ortbe ~g- ofth. such nephridial excretory 
worm ments nepbridial cells canal surface 
mm', canal I'- I'-

~ 

252 250 2 68 136 68000 

1 248 232 1 64 128 59392 

3 264 258 2 65 130 67080 

4 238 220 2 63 126 55440 

5 210 200 2 63 126 50400 

6 272 265 2 66 132 67960 

Ave-
rage 247 6121 2 

The ratio between the leDlth of the e,;crtltory ~urface and the lenlth c f 'the worm : 6121 2: 
247000 :: 0 '247 : I. 

VI. REMARKS 

Among the polychaetes studied, three, viz., O. erlmita, L. medusa and 
C. insecta, possess ncpluidia of the rnixonephridial type, while in G. embran­
chiDta it is of the pratonephromixial type with solenocyleS performihg the 

CENTRAL  
MARIN

E FIS
HERIE

S R
ESEARCH IN

STITUTE, C
OCHIN

.



204 

function of excretion. Even among the former three forms, in O. erltnita 
and in L. medusa the nephridia are simple in structure and small in size coni­
pared to that of C. insecta which has a nephridium"witl:i the nephridial canal 
long and bent on itself. While in O. ertmita and in G. embranchiata there 
are a pair to each of the segment except in the anterior and posterior few 
segments where they are absent, in L . ''medusa there are only three pairs and 
in C. insecta four-pairs. Further in the blood supply'tbey receive and in the 
ratio of the excretory surface to the length' of tIle worni they differ. While 
in C. insecta the nephridIa receive the maximum blodd supply (22, 60 units) 
with the maximum excretory surface (l: 0'310) in 0 : ertmifa the blood supply 
is 15·66 units and the excretory surface (ratio) is I: 0,247 and in L. medusa , .. 
theyare respectively 6·50 units and I: 0·225. In G. embranchiata the blood 
supply is 11· 83 units. These differen~ conla perhaps be attributed to 
their capacities for osmotic regnlation as reflected by volume regulation and 
related to their habitats. 

TABLE II 

Loimia medusa-Extent of the excretory surface relative 10 the 
length of Ihe worm 

Length of Length Length 
Length No. of each cell No. of of the ofthe 

No. of the seg- oftbe sucb nephridial excretory 
worm ments nephridial cells canal surface 
mm. canal I' I' 

I' 

30 3 8 140 1120 6720 

2 32 3 8 142 1136 6816 

3 30 3 8 142 1136 681t 

4 32 3 8 140 1120 6720 · 

5 30 3 8 140 1120 6720 

6 30 3 8 140 1120 6720 

Ave- " 
rage 31 6752 

. h . . 
The ratio b~tw:en the (eDltb of tbo cxclCItory surface and the (eDith or the worm : 

6752 : 31000 : : 0·225: 1. . ." ,1 .. ,t" .' . . . 

• 
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TABLE III 

Clymene insecta-Extent of the ExcrelOry IlUTfacf! relative to the 
length of the worm 

Length of Length Length 
Length No. of each cell No. of of the of the 

No. of the seg- of the such nephridial excretory 
worm nients nephridial cells canal surface 
mm. canal 

" 
Il 

I" 

25 4 \0 III 1110 8880 

2 26 4 · 10 109 1090 8720 

3 24 4 10 11 0 1100 8800 

4 25 4 10 109 1090 8720 

5 25 4 10 11 0 1100 8800 

6 24 4 10 110 1100 8800 
--'----

Average 25 8780 

The ratio betwJen th.e length of the excretory surface and Ihc lenath of the worm : 
8780 :25000: : 0 ' 31: I. 

It was argued in an earlier paper (Krishnamoorthi, 1962) that C. insecta 
showed better powers of volume regulation and consequently greater penetra­
tion into the brackish-water zones of Adyar, Madras. From the present 
investigations have emerged out further evidences to justify the role and 
importance o( nephridia which may have enabled these polychaetes for better 
adjustments to a changing environment and to account for their distribution. 
The excretory surface is the maximum in C. insecta compared with those 
of either O. erlmita or L. medusa, implying that the nephridia are bigger in 
the former species than in the latter two species. A bigger kidney is certainly 
an advantage to meet the demands of baling out of water that enters in against 
an osmotic gradient. It further helps in keeping down the swelling of the 
animal to the minimum required for the maintenance of a constant internal 
environment for the smooth functioning of the body tissues and other organ 
systems. L. medusa and O. erlmita, possessing as they do smaller nephridia, 
have limited powers of regulation . G. embranchiata none at all. Grobben 
(1881), Schwabe (\933) and Krishnan (1952), e~rnining a number of crusta-
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ceans or polychaete; belonging to same families and genera. have shown that 
in the stenohaline forms the kidney is the smallest while in freshwater forms 
it is the biggest, the brackish-water forms ranking in between the two. In 
the light of the above observations, it appears reasonable to conclude that 
the relatively large size of the nephridia in C. insecta is a definite advantage 
which has enabled this polychaete a greater pe'netration into the brackish­
water zones and better adaptation for volume regulation calculated to meet 
the demands of a fiuctuatin'g environment. O. erfmita, L. medusa and 
G. embranchiata with smaller nephridia are confined to the mouth of the 
brackish-water regions characterised by stable conditions. From the above 
it also appears reasonable to suppose that the expenditure of energy would 
be greater, the higher the grade of adaptation and the greater the excretory 
effort. The importance of vascularisation of the nephridia viewed in this 
light needs no emphasis. Of the polychaetes studied the blood supply the 
nephridia receive in C. insecta is the maximum, with L. medusa, O. erhnira 
and G. embranchiata following in the order mentioned. This is only to be 
expected since C. insecta alone is found in the upper reaches of the brackish­
water regions while the other polychaetes have hard ly passed beyond the 
limits of the mouth of the brackish-water regions . Krishnan (1952) has made 
similar observations in the three Nereids he has studied. 

VIT. SUMMARY 

I. The anatomy and histology of four species of polychaetes, viz., 
O. e;fmita, L. medusa, G. embranchiala and C. insecta are given . 

2. The nephridia in O. ertmita, L. medusa and in C. insecta are of the 
mixonephridial type while in G. embranchiata it is of protonephromixial 
type with simple solenocytes performing the function of excretion. There 
is a pair to each segment in ·the former two species excepting in the few anterior 
and posterior segments. But in L. medusa there are only three pairs and in 
C. insecta four pairs. 

3. The blood supply to the nephridia and the extent of the excretory 
surface "10 the length of, the worm are ·given. Both in blood supply and in 
the excretory surface C. insecta showed the maximum development. 
L . medusa, O. er/mita and G. embrallchiata showed lesser grades of develop­
ment in the order mentioned. 

4. The differences in the blood supply the nephridia receive and in the 
extent of the excretory surface to the length of the worm have been argued 
as due to the different capacities for osmotic regulation as reflected by volume 
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regulation. Taking this a measure their distribution in a brackish-water 
environment has been explained. 
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FIG. 
PIO. 
FlO. 
Flo. 
Flo. 
FlO. 

Fla. 

PIO. 

PIG. 

I. 
2. 
3. 
4. 
5. 
6. 

7. 

8. 

9. 

EXPLANATION OF PLATE X 

Onuphis I'rtmilQ 

Diagrammatic [~pres¢:ua{ion of a single whole nephridium (x 400). 
Lo:tgitudinaJ section through the nephrostome of the nephridium (x4S0). 
Cross· section through the nephridial canal of the nephridium (x450). 
L:>:lgitujinal section through the nephridial canal of the nephridium (x400). 
Seclion of a single cell of the nephridial canal (x 1,350). 
Cross-section through the nephrostome during tbe maturation period ()(400). 

Loimia mtcbua 

Longitudinal section through the anterior 8 segments showing the: distribution of the 
3 pairs of nephridia (x40). 

LO:lgitudinal section tluough the terminal part of the nephridial canal just before open­
ing 10 the exterior (x 200). 

Longitudinal section through the terminal part of the nephridial canal of the nephridium 
to show the opening to the exterior by the nephridiopore on an elevated papillae 
(x400). 

FlO. 10. Lo:1giwdinal section of a single whole nephridium of tbe cephalic region (x 200). 
Flo. II. Longitudinal section through the nephridial canal of the nephridium (~ 900). 
Fro. 12. Cross-section through the nephridial canal (x 280). 
FIo. 13. Longitudinal section through the nephridium of the trunk region (x 2(0). 

Glycera tmbranchiaro 

FlO. 14. Diagrammatic representation to show rhe composite nature oftbe nephridium (x 400). 
Pro. 15. Longitudinal section through a solenocyte (x 900). 
Fla. 16. Cross-section through the nephridial swelling shOWing the opening of the solenocytes 

into the lumen of the nephridial swelling (x 450). 
Flo. 17. Cross-section through the nephridial canal (x 450). 

Clymene insecla 

FlO. 18. Longitudinal sections through a segment showing the location of nephridia (x 400). 
Flo. '19. Cross·section through the nephrostome of the nephridium (x 4SO). 
FlO. 20. Longitudinal section of the wall of the nephridial canal (x 4SO). 
Flo. 21. Cross·section through the two limbs of the nephridium (x200). 

ABBREVIATIONS USED 

AC, Alimentary canal; BC, Blind ending capillaries; BV, Blood vessel; C, Cilia; CE., 
C.)~lomic epithelium; CO, Ciliated organ; es, Concrements; cr, Connective tissue; D, Dia· 
phragm; EP, Epidermis; EM, Flagellum; IL, Inner limb; lLM, Longitudinal layer of muscles; 
LN, Lumen of nephrostome; LNC, Lumen of the nephridial canal; LNS, Lumt:n of the nephridial 
swelling; N, Nephrostome; NC, Nephridial duct; NP, Nephridiopore: NS, Nephridial sweUirg; 
NT, Nephridia of the trunk region; NU, Nucleus; NCR, Nephridia of the cephalic region; 
0, Ovum ; OL, Outer limb; P, Papilla; PS, Phagocytal sac; PT, Proximal tube; RD, Refringent 
bodiesj se. Solonocytes; SE, Septum: TC. Terminal chamber; TNC. Terminal part oftM 
nephridial canal; V. Vacuol~. 
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1. INTRODUCTION 

AlTENDANT upon the stresses of an anisotonic and fluctuating environment, 
a brackish-water organism acquires many adaptations that contribute to 
its successful colonisation. In the brackish-water zones of Adyar, Madras , 
Diopatra variabilis (Southern), a polychaete, occurs in large numbers along 
with Marphysa gravelyi Southern. Although the osmotic properties of the 
eggs and larvae of the latter species have been studied (Krishnamoorthi, 
1951) and the life-history of the former species has been reported (Krishnan, 
1936), very little is known of the osmotic behaviour of the eggs, larvae 
and the adults of D. variabilis Southern under heterosmotic conditions . 
The importance of such studies for a fuller understanding of the adaptation 
of a species through ontogeny, to a fluctuating environment, has been more 
recently stressed (Beadle, 1957). With this object in view the following 
study was undertaken. 

II. MATERIAL AND METHODS 

The worms along with their tubes were collected from the brackish­
water zones of Adyar, Madras, and broughl to Ihe laboratory in earthen 
pots. At the laboratory they were immediately transferred to clean glass 
troughs. The worms as well as the egg-cases were taken out, for experi­
mentation, by cutting open the tubes. The jelly-like egg-case of D. varia­
bilis is similar to that of M. gravely; but is small in size and attached to the 
inside walls of the tube. A single egg-case would contain a few hundreds 
of spherical eggs. They were reared in the laboratory and the larvae so 
hatched were used for experiments. No special care was needed for cul­
turing them. All experiments were performed at room temperature of 
29·5 + O· 5° C. All dilutions were of sea-water made up to the desired 
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concentration by the addition of distilled water. The method of Weil and 
Panlin (1931 a and b) as followed in an earlier paper (Krishnamoorthi, 
1951), was adapted for the determination of volumes of eggs and larvae. 
But for determination of volume of the adults, the method of Lowndes (1941) 
was ' followed. All readings given are the averages of a minimum of six 
determinations. In all the experiments controls were run. 

III. (A) EXPERIMENTS ON EGGS 

1. Effect of different hypotonic media.- Six out of a lot of eggs isolated 
from a single spawn were left in each of the six hypotonic media of the 
following concentrations: 20·6Woo, 16· 34roo, 14'42%0,11·06%0, 7 '04roo and 
distilled water, contained in six separate petri-dishes, after determining the 
initial volume of each egg. They were exposed for a period of 30 minutes, 
after which time the final volume of each egg was determined. A prelimi­
nary experiment had shown that the eggs altain the maximum volume 
by the end of 30 minutes. Figure 1 indicates the results of the above experiment.' 
It may be seen that the final volume attained in each of the six dilutions 
was directly proportional to the concentration of the medium similar to 
the behaviour of the eggs of M. gravely; (Krishnamoorthi, 1951) and the 
eggs of the sea urchin (Lillie, 1916, 1918: Northrop, 1926-27). 

,.---- . -- -----------, 
'0 

40 

j 
~ )0 

'0 

20 10 o 
SALINITY 

fiG. t. Eegs-[ncrease in volume in different hypotonic medi~,. 

2. Effect of a Single hypotonic medium on volume during different illlervais 
over a period of8 hours.- Out of a single spawn, a batch of 400 eggs of similar 
size was selected and after determining the initial volume of six eggs, the 
entire batch was exposed to the stresses of a hy.potonic medium of strength . 
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of 16 · 34%., contained in a petri-dish. The volume of six eggs selected at 
random out of tbis batch was determined at intervals of 15 minutes, over a 
period of 8 bours. [( may be seen (Fig. 2 b) that the eggs increased to the 
maximum volume at the end of 30 minutes, and thereafter began to decrease 
in volume. The decrease conti nued for about 5 hours. till the eggs were 
about 96·4% of the original volume. No further shrinkage was seen for 
a period of 8 hours. when the experiment was stopped. The initial increase 
in volume was perhaps due to the intake of water, the concentration of the 
eggs being higher than the surrounding medium. The later decrease in 
volume may be due to subsequent loss of salts and consequen t lowering of 
the concentration of the eggs. 

~ 
o 

5.7 

IN 

~------------------. 

Mtl« .. ras 

"-------. 

Flo. 2. Eggs- Volume ~banKc in hypotonic (8 : 16 .. 34%.) and in hypenoni~ (A: 17 · 39~) 

media during different in tervals. 

3. EJJecl of a single hypertonic mediulIl 011 volullle during diOerellf 
intervals over a period of 8 iJours.- From a single spawn, a batch of 600 
eggs of equal size was isolated and from this batch. after determining the 
initial volume of each of the six eggs randomly selected, the rest were sub­
jected to the rigours of a hypertonic medium of 27· 39700 contained in u 
petri-dish. The final volume attained at intervals of every 15 minutes, of each 
of the six eggs selected at random, was determined over a period of 8 hours 
(Fig. 2 a). It may be seen that the eggs to begin with shrank , the volume 
reaching the maximum decrease at the end of 30 minutes. Thereafler it con­
tinued to increase till the end of 4! hours. No increase in ' volume wa, 
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TABLE I 

EjJi'c/ oj hypotonic media on the development oj eggs - with alld lvi/haul j elly; 
Larvae- metatrochophores and nectochaetae .. and adults oj Diopatra variab ilis (Southern) 

Percentage rate of mortality after a pp.riod of 
----- - ------- ------- .--' 

5 LarVa! 
Conceotra- - ------ ~--I_________ Adllit" 

~~i~~ __ Witbout jelly _ . __ ~ jelly __ ~~hOPhores __ 'I --~OChaetac __________ _ 
%. 3 6 g 12 3 6 ~ 12 2< 4R 72 96 24 48 72 96 24 48 72 06 

HI'S. 1-11"3. HI'S. Hrs . IJ rs . Hr~. (irs. Hrs. Hn;. Hrs. Hr:o, H rs. I-Irs. Hrs. Hrs. Hrs. H n . lin. H rs. Hr • . 
-----A ----·-Il--- - C I D E 

!8'6! 
26·17 
24·78 
24·22 10 
22·28 
20·40 
10'40 
10·23 
17·20 
16·83 16 
10·02 
16 ' 42 
12·34 24 
10·80 
10·64 
8·22 35 
1·80 

Distill ed 100 
water 

25 10 

so 16 

48 86 

68 

I 

96 2 

98 6 5 

98 5 

6 

2 

3 

5 

7 

2 

3 

6 

5 

7 

Nil Nil Nil 

Nil Ni l Nil 

10 10 12 
4" 6~ 64 

58 61 77 

60 66 80 

100 

Nil 

12 
78 

92 

98 

----

Nil Nil Nil Nil 

Nil Nil Nil Nil 
Ntl Nil Nil Nil 

Nil Nil Ni l I'\il 

10 15 1 • 20 

Nil 2 

23 32 48 61 

16 38 72 94 
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noticed after this period till 8 hours, when further observations were stopped. 
The initial decrease in volume is probably due to the stress of a more con­
centrated external medium. Subsequently, due to inrush of salts and rise 
of concentration within the egg, the· eggs perhaps increase in volume. 

4. Effect of different hypotonic media on the rate of mortality of eggs 
without jelly.-Numerous eggs were carefully isolated from the jelly and left 
to continue their development in separate petri-dishes containing hypotonic 
media of different concentrations, After every 3 hours of such exposure, 
the number of eggs that were dead from out of 100 eggs selected from each 
of the concentration, was counted. The rate of mortality was not only 
proportional to the dilution but also increased with time, so much so 96% 
of them died even in a concentration of 24· 22%., (Table I, Col. A). 

5. Effect of differem hypotonic media on the rate of mortality of eggs 
with jeUy.-A single uninjured cocoon collected from the tube of the animal 
was left in each of the different dilute media of known salinities. At the 
end of every 3 hours, the number of eggs that were dead in a lot of 100 eggs, 
were counted. It is evident that the rate of mortality is comparatively lower 
(Table I, Col. B) and the eggs continued their development even at the end 
of 12 hours, irrespective of the surrounding medium being dilute. 

Ill. (B) EXPERtMENTS ON LARVAE-Metatrochophore STAGE 

6. Volume changes in different hypotonic media.-The initial volumes 
of six randomly selected metatrochophore larvae, out of a batch of few 
hundreds, were determined. The rest were left in petri-dishes of sea-water 
diluted to desired strength. The volumes of six larvae selected at random 
belonging to each of the dilutions were determined at the end of 30 minutes. 
A preliminary experiment had shown that the larvae attained the maximum 
volume at the end of 30 minutes. It may be seen (Table II) that the increase 
in volume over the initial volume in each case was proportional to the dilu­
tion of the medium. It may also be seen that in dilutions less than 19 ·06%, 
the larvae became bloated and broke up. The greater the dilution, the 
greater was the percentage of disintegration of the larvae. 

7. Volume changes in hypotonic media during varying intervals.-Out 
of a batch of larvae hatched out in the laboratory, about 400 of them were 
left in two hypotonic media of 19·6%. and 21 %. concentrations, after deter­
mining the initial volumes of six larvae selected at random out of this batch. 
The volumes of six larvae, also selected at random, from each of the con­
centrations were determined at intervals of every 15 minutes over a period 
of 6 hours. In both the dilutions the larvae attained the maximum volume 
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TABLE 11 

Increase in l'olwne ill differellt hypotollic media 

Concentration 
of the medium 

' / 
I'" 

26·28 

22·32 

21'02 

19 ' 06 

17 · 74 

15· 68 

10·92 

Distilled water 

Increase in volume after 30 minutes 
(initial mean volume: 90 C.fL) 

Volume ill C.fL 

92 

96 

112 

120 

10% Disintegration 

15% Distintcgration 

20% Disintegration 

40% Disintpgration 

Percentage 

2'22 

6·66 

24·44 

33·33 

(Fig. 3) at the end of 30 minutes. Also the increase in volume over the initial 
was higher, greater the dilution. They were 31 '12% and 23·91 % in the 
respective concentrations of 19· 6%, and 21 roo. Thereafter, the volumes 
decreased gradually and steadily to reach their original volumes at the end 
of 4t hours and 4 hours respectively. The initial increase in volume was 
perhaps due to inrush of water and later due to loss of salts the volume is 
regained. The sharpness of descent in the behaviour of larvae in 21 %, 
dilution in contrast to the behaviour of the larvae in 19%" especially during 
the first 2 hours of recovery, makes one believe that the organs of excretion 
may also work vigorously when the osmotic gradient is high. 

8. Effect of hypotonic media on the rate of mortality.-Tn each of the 
seven different hypotonic media of concentrations 26'62, 24· 78, 19·23. 
17'26 •. 15'42, 10·80 parts per mille and distilled water. a number of larva'e 
were allowed to continue their development. After every 24 hours the number 
of larvae dead out of a \mown number of larvae selected from the batch, 
was noted. The exPeriments were continued over a period of 96 hours , 
the time required for the metatrochophores to develop into the next necto­
chaete stage. The low rate of mortality (Table I. Col. C) as compared against 
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controls proved that the larvae were able to develop in media ranging between 
10·80 to 26·62 parts per miUe. It may also be seen that the rate of mor­
tality in media of 19%. and above was practicaUy nil. This together with 
the results o( the previous experiments go to prove that the larvae which 
attained osmotic equilibrium within <It hours, continued to develop normally. 
Since 40% of the larvae survived in 10 ·8%. for 24 hours, in 15·42%. for 
48 hours and in 17· 26%. for 72 hours, it helps to understand the endurance 
of the larvae in dilute media as also the ability of the larvae to survive sudden 
dilution in an estuarine environment if it lasts for brief periods. 
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FIG. 3. Metatrochophores-Volume changes in two hypotonic media (A: 19%., : B : 21~) 
during vary ing intervals. 

TIT. (C) EXPERIMENTS ON LARVAE- Nectochaetae STAGE . 
9. Effect of different hypotonic media on volume . ....:The initial volumes 

of six nectocbaetae: chosen at random from a lot hatched in the laboratory, 
were · first determined. Six more were left in each of the six petri-dishes 
containing different hypotonic concentrations of 25 ·17, 19·49, 16·42, 12·82, 
7·60 parts per mille and distilled water. The volumes of these six were 
determined at the end of 30 minutes. It may be seen (Fig. 4) that the increase 
in volume was 'directly proportional to the dilution of the media. • ... 
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'0 " SALINITY 

10 , o 

"0. 4. ~e..: toc haetae-fncrease in volume in different hypotonic media. 

10. Effect oj hyp%llic media 011 I'olume durillg differellt intervals.­
About 400 larvae were exposed to hypotonic media of two concentrations 
of 16·64roo and 20·64%." after determining the initial volumes of six larvae 
randomly selected out of the lot. The changes in volumes of six larvae 
were followed during different intervals of IS minutes, over a total period 
of 3 hours. The larvae in both the dilutions increased in volume reaching 
the maximum at the end of 30 minutes (Fig. 5) and then began to decrease 
in volume until at the end of 105 minutes, they reached a volume a little 
higher than the original volume. They continued to maintain this slightly 
higher volume over a period of 3 hours, and even at tbe end of a 24-hour 
period. The larvae were quite normal and healthy and continued their 
development. The extra amount of water in the body appeared not to 
impair their normal well-being or affect their development. 

II. Effect oj diflerelll hypotonic media on larval mortality.- A number 
of nectochaetae were exposed to each of the following media of concen­
trations: 25·17%." 22· 28%." 19'49~"" , 16·02%." 10'54~, 7·8%.,and distilled 
water. After every 24 hours the number of nectochaetae dead out of a 
batch of 100 larvae randomly selected from each of the concentrations, 
were determined for a period of 96 hours . Table T. Col. 0 , reveals the 
results of such an experiment. It may be seen that the nectochaetae tolerate 
a salinity upto 16· 02%." but if the osmotic gradient is higher than this, they 
are affected adversely and die till at the end of 96 hours not one survived. 

CENTRAL  
MARIN

E FIS
HERIE

S R
ESEARCH IN

STITUTE, C
OCHIN

.



Rtgulation in Eggs, Larvae & Adults of Brackish- Water Polychaete 283 
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Pto. S. Nectocbaeta6-Volome chans •• in Iwo hypotonic media (A: 16' 64%,; B: 20 '6'X,l 
clariDa different intervals. 

m. (D) EXPERIMENTS ON ADULTS 

12. Effect of hypotonic media on volume changes at different intervals. 
-Out of a lot of worms collected from their natural habitat, six of them 
whose initial volumes had already been determined, were left in hypotonic 
media of the following concentrations: 8· 62%., 13 · 7%. and 20· n rOO' They 
were exposed over a period of 8 hQurs and their volumes measured at 
intervals of I hour. It may be seen that the worms reached in all the media 
the maximum volume at the end of the 1st hour and thereafter it declined. 
This decrease continued for a period of 4 hours when the new volume 
attained was higher than the initial volume of the worm. This volume 
was kept constant for over 8 hours and continued steady even for a period 
of 24 hours (Fig. 6). It may also be seen that both the maximum voluine 
reached at the end of the 1st hour and the final volume attained at the end 
of 4 hours, were directly proportional to the dilution, i.e., the greater the 
dilution the larger the volume. 

13. Effect of hypotonic media on survival.- Numerous worms were 
exposed to each of the following six hypotonic media of concentrations: 
25·17%., 20-49%., 17· 36%., 12·82%., 7·6%. and distilled water. In order 
to test their capacities for tolerance, the number of worms dead in a lot of 
100 worms randomly selected from each concentration, was counted at the 
end of every 24 hours. The experiment was continued over a period of 
96 hours. It may be seen (fable I, Col. E) that J). variabilis is able to survive 
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in dilutions down to 17 · 36%." the percentage of mortality being only 20 at 
the end of 96 hours . In dilutions less than 17 · 36%." the percentage mor­
tality increased not only with increasing dilution but even with ti me, 67% 
of them dying at the end of 96 hours in a dilution of 12· 82%., and 52% in 
17 ·6roo even at the end of 24 hours. They do not survive in distilled water. 

' 0 

' 0 

L-____________ ~c 

z " 4 , 6 7 • 13 Z 
TI ME IN HOURS 

FlO. 6. Adults- Volume changes in three hypotonic media (A: 8-6;%,, : B : IJ · ;%,.; C: 
20·72%.) durina: different intervals. 

[V. DtSCUSSION 

The experiments with the eggs, the larvae and the adults indicate that 
they increase in volume when subjected to stresses of hypotonic media. 
They reveal also that the higher the dilution the greater the increase in 
volume. The eggs isolated from their cocoons increased in their volume, 
the greater the dilution the greater the increase at the end of 30 minutes. 
Further, observations on the prolonged effects of a single hypotonic medium 
have also revealed that after a period of 30 ntinutes the volume decreased 
till about 5 hours reaching 96 ·4% of the original volume. In a hypertonic 
medium the reverse was true. The eggs at first decreased in volume reach­
ing the maximum at the end of 30 ntinutes. But increased to 104·7% of 
the original volume in 4, hours. The increase and the subsequent decrease 
in hypotonic media and the reverse condition in hypertonic media, argue 
that the eggs of D. variabilis are permeable both to salts and water as eggs 
of Marphysa gravelyi Southern also an Eunicid (Krishnamoorthi, 195·1) ; 
and the eggs of Strongylocentrotus lividus (Needham, ) 930; Euphrussi and 
Rapkine, \928). The initial increase in volume in a hypotonic medium IS 
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probably due to the fact that the rate of inflow of water is greater tban the 
rate of loss of salts. The opposite may perhaps be true in a hypertonic 
medium. [n other words, the eggs of D. variabilis isolated from tbe spawn 
jelly behave like osmometers passively increasing in volume in a hypotonic 
medium by absorption of water against an osmotic gradient or decreasing 
in volume in a hypertonic medium by loss of water due to greater osmotic 
pressure of the surrounding medium as reported in the eggs and larvae of 
a number of invertebrates (Krogh, 1939; Nicol, 1960). This ' probably 
accounts for their mortality which is directly proportional to the length of 
exposure and the dilution of the experimental media. Eggs denuded of 
jelly could not survive even in a medium of as high a salinity as 24 · 22 parts 
per mille, tbe mortality rate being 96% at tbe end of 12 hours. In lower 
dilutions tbe percentage rate of mortality was considerably high being 16% 
in 16·83r .. , 24% in 12·34%. and 35% in 8·22r .. even at tbe end of 3 hours . 
In distilled water all of them died at tbe end of 3 hours. Witb increasing 
time, tbe percentage mortality increased. But tbe eggs witb jelly behaved 
differently when exposed to tbese salinities. Even in distilled water the 
rate of mortality was only 7% and that at the end of 12 hours. In higher 
concentrations tbe rates were much less, hardly 2% of them dying at the 
end of 12 hours in a medium with a salinity of 24·22%.. In this respect the 
eggs of D. variabilis resembled in their behaviour those of M . gravelyi 
Soutbern (Krishnamoorthi, 1951) and it may perhaps be concluded that 
tbe jelly affords protection against a fluctuating environment. Production 
of impermeable membranes is probably a general mechanism for tbe pro­
tection of eggs in fresh and brackish-waters against osmotic swelling as 
observed by Krogh and Ussing (1937). The jelly in D. variabilis perhaps 
acts like one ensuring adequate protection and climate for the normal develop­
ment of the eggs in an environment of fluctuating salinities. The eggs of 
Oryzias latipus, a fish living in fresh and brackish-waters of Japan, furnishes 
another such example (Ikeda, 1937 a). 

The behaviour of the larvae of both trochophore and tbe nectochaete 
stages, in various hypotonic media, was similar to that of the eggs without 
jelly. They increased in volume to begin with and subsequently decreased. 
The initial increase in volume may have been due to absorption of water 
against an osmotic gradient and the Iilter decrease to subsequent loss of 
salts. Ionic regulation in the developmental stages of marine animals . is 
not uncommon ; (Needham, 1931; Krogh, 1939). But in the degree of tole­
rance of the hypotonic media and in the time taken to reach the final 
volume the metatrocilophores differed from the nectochaetae; and · both 
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from the eggs without jelly. The percentage increase in volume of metatro­
chophores was 33% even in a medium of as high a salinity as 19%.. For 
the nectochaetae the corresponding salinity was 7%.. While the metatro­
chophores disintegrated in media of lesser salinities the nectochaetae did 
not, reaching only 54% increase in distilled water. Accordingly the per­
centage of mortality of metatrochophores was considerably higher in media 
of lesser dilutions, 78% of them dying in a medium of salinity 17%. at the 
end of 96 hours. The nectochaetae on the other hand reached as high a 
mortality as 98% at the end of 96 hours only in a dilution of 7%.. Further, 
the metatrochophores took 195 to 210 minutes to reach the original volume 
while !he nectochaetae hardly required 105 to 120 minutes to reach the final 
volume. In both the stages there is already a larval kidney of the proto­
nephridial type functioning. Perhaps the differences observed in the two 
developmental stages may be attributed to the possession of the larval kidneys 
which may be actively participating in keeping down the swelling of the 
larvae and in the retention of salts needed for a healthy development. 
Westblad (1922) (in Turbellaria) and Herfs (1922) (in Rotifers and Trematodes) 
have shown experimentally how the protonephridial kidney help in the 
osmoregulatory aspect of the work of the organs. This further argues that 
but for the precocious development of nephridia in the metatrochophores 
and the nectochaetae this brackish-water polychaete would not have survived 
the conditions obtained in an estuarine environment such as the Adyar 
estuary. 

The behaviour of the adults under osmotic stresses of different hypotonic 
media was generally similar to that of the larvae and the eggs. They 
increased in volume due to ·inrush of water and later decreased in volume 
probably due to subsequent loss of salts. However, unlike the larvae and 
the eggs, they could survive dilute media of salinities ranging from 5 to 28roo 
without loss of life. This may be due to the possession of a more efficient, 
fully grown kidney as observed in a number of polychaetes of that region 
(Krishnamoorthi, 1962, 1963). The excretory surface in D. variabilis is 
comparatively larger (Krishnamoorthi, 1951). While the ratio between 
the length of the excretory surface and the length of worm in D. variabilis 
was 0·35: I , similar ratios in L. medusa, o. erimita and C. insecta (Krishna­
moorthi, 1963) respectively were 0·225: I; 0·247: I and 0 · 31 : I, arguing 
that a bigger kidney is advantageous in meeting the demands of baling out 
water absorbed against an osmotic gradient. Further, the vascularisation of 
·the nephridia in D. variabilis was higher being 24·5 units (Krishnamoorthi, 
1951). when compared to that in the other . forms (Krishnamoorthi, J 963). 
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Higher vascularisation and bigger kidneys have equipped the adults of 
D. variabilis for better adjustments to hypotonic media than either the eggs 
or the larvae. Pre-larval and larval stages of N . diversicolor cultured in 
7% salinity were sensitive to dilutions than the young worms (Bogucki, 
quoted by Beedle, 1957). 

V. SUMMARV 

I. Experiments to study the effect of hypotonic and hypertonic media 
on eggs with and without jelly were performed as also on the development 
of the eggs. The eggs (without jelly) passively increased or decreased in 
volume respectively in hypo- or hypertonic media and behaved like osmo­
meters. The rate of mortality was considerable in different dilutions and 
was a function of dilution and period of exposure to dilute media. But 
the eggs with jelly did not suffer much, only 2% of them dying even in the 
lowest dilution . It is presumed that the jelly may be providing the neces­
sary barrier against a fluctuating environment for the healthy development 
of the eggs and loss of salts required for normal development and well­
being. 

2. The behaviour of the larvae was also similar to that of the eggs 
without jelly when subjected to the stresses of different hypotonic media. 
Both the metatrochophores and the nectochaetae increased in volume. But 
among themselves the rates of increase and mortality in various dilutions 
were different. It is argued that these differences may be due to the posses­
sion of a larval kidney which is already present at this stage in the develop­
ment of D. variabilis. 

3. The adults were similar in their behaviour, differing not only 
in the degree of swelling but also in the time taken to swell and in the rates 
of mortality. This is attributed to a more efficient kidney compared to 
the larval kidney. 
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Repri1Ited from "Curr. Sci.", October 1963, 32, 461-464 

CHLORIDE REGULATION IN MARPHYSA GRAV.LYI SOUTHERN 

Marphllsa I/Tavelyi Southern, an Eunicid poly­
cha!te, essentially a burrower, enjoys a wide 
distribution in the brackish-water regions of 
Madras, where the salinity of the medium 
varies widely from almost fresh to sea-water.' 
This worm tolerates sea-water dilutions to 20% 
and regulates its body volume better (unpub­
lished data) than other poiychretes found in 
similar habitats.- Fu,tber, isolated muscle pre­
parations are active in dilute media ranging bet. 
ween 20% and 50% sea-water (34% ).s A study 
of the blood chloride level at 27·5 ± 0 ·5' C., 
using the method of Sendroy' as modified by 
Robertson and Webb," shows that the chloride 
ions are actively regulated as the following 
Table would show. The chloride levels are 

TABLE I 

Saliulty. of Mean chloride values of bbod after 
expen- 24 hn. of e%po!iure Exp. men",l ________________ _ 

No. 

I 
2 
3 
4 
6 
6 
7 
8 
9 

10 
11 
\2 

medium gm./l. S.d. S.C!. No. of 
%0 estimations 

5·68 
8·52 

10·60 
14·60 
16·30 
16·60 
16·20 
\8·40 
n·50 
21·60 
23·00 
26·92 

9'64 
10·(\.~ 
12·76 
14·39 
11·87 
la'~4 
10·83 
14·0\1 
\4·st 
1b'42 
\4·09 
16·04 

0·011 
0·029 
0·011 
0·014 
O·ul4 
0·007 
0'017 

Nil 
0·036 
0·009 
0·012 
o·o:n 

±0'006 
±0·016 
±0·004 
to·005 
to·OO4 
to·002 
to ·003 

NU 
±0'012 
to·003 
to·003 
±0·006 

3 
3 
8 
8 

12 
12 
8 
4 
8 

12 
8 

12 

always higher in the hyposmotic media and 
lower in hyperosmotic media and thus maintain_ 
lng a steady level (Fig. I). Such a reiulation 
has not been reported in any potycbrete so far, 

although similar work on N ere;' diverrf<:olor is 
available (SmithS). The mechanism undertyinl 
the regulation is being studied. 

.. 

·7 

/ 
/ 

10 II 20 .. 
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ON THE DISTRIBUTION Of SIX SPECfES OF POLYCHAETES 
IN THE ADY AR ESTUARY, MADRAS 

By B. KRISHNAMOORTHI 

Zoological Research Laboratory, University of Madras , Madras-5 

I NTRODUCTION 

MOST marine animals are stenohaline with a low range of tolerance of the differ­
ences in the salinity of external medium. Yet some have become euryhaline ex­
hibiting a considerable range of tolerance, a few like Heteromastus sp., C/is/o­
mas/lis sp., (most capitellids), living as well in fresh water as in salt. Recent work 
has shown that the physiological independence and the emancipation from the 
limitations imposed by the changing environment in such homoiosmotic animals 
have been brought about by their abiuty to control the osmolic pressure of their 
body fluids by raising or lowering their internal concentration to suit the exigencies 
of the anisotonic media they inhabit. When such an investigation was extended 
to polychaetes, which are predominantly maripe, it became apparent that. they 
showed different types and grades of efficiency of the kidney (Krishnamoorthi, 
1962) with regard 10 their osmoregulatory capacity and their tolerance to changes 
in the environment (Krishnamoorthi and Krishnaswamy, 1962; Krishnamoorthi, 
1963). The tolerance to the external medium is of special significance to animals 
attempting to colonise and penetrate into brackish water habitats such as estuaries. 
With this object in view the present investigation was undertaken. 

MATERIAL AND METHODS 

The following polychaetes Dnuphis eremila, Glycera embranchiala, Loimia 
medusa, Diopatra I'ariabilis , Clymene illsecta and Marphysa gravelyi were chosen 
for the study. 

A series of Stations were located, as shown in the Map of the River Adyar 
(Fig. I) , along the banks of the Ri ver, covering as faras possible the range of brackish 
water conditions in the river. Weekly visits were paid tothe Stations selected from 
where the material was collected. Samples of mud from both the bottom and the 
sides of the bank of the river where these polychaetes inhabit were collected. The 
procedure was as follows: 

Areas of I sq.ft. were marked at different places and mud to a depth of I foot 
was dug out and brought to the laboratory where it was washed with fresh samples 
of brackish water in order to collect the worms from the sample of mud. Care was 
taken to see that the samples of mud were not mixed up with each other. From a 
lot of worms collected from each sample, the percentage of occurrence of each group 
of polychaetes was calculated and tabulated. The figures arrived at are the mean 
percentage of six samples. The same method was followed while determining the 
percentage of occurrence of polychaetes at all Stations, 
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• . . ,. rl--

BAY OF BENGAL 
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FIG. 1. Map of the River Adyar and the estua ry showing the distribu tion of six species 0 f 
polycbaetes. (. M . grc. velyi : x D .• 'oriabilis; ~ C. insecta : 0 L. medllsa ; 0 G. embranchiaru 
and A 0 , eremita). 
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RESULTS 

It is evident from \he .figures (Table 1) that at Station A ' tlie salinity of the 
waters range between 30-3'4%. and the predominating polychaetes in this region 
are O. eremita and G. embranchiata, none of the oUler genera being represented. 
They become scarce in other Stations, even at Station B,.lhough the salinity range 
is between 30-34%".. B.ut at Station B, L. medusa alone is well represnted it being 
absent at Station A. While M. gravelyi alone occurs at Station C, D. variabilis 
and C. illsecta again become ~rce, M. gravelyi alone predominating once again. 
From the above facts it wj!S evilient that while M. gravely; had migrated to a 
greater extent, even to reglons-where the salinities range betwe~n 5-10%. , D. varia­
bilis and C. insecta were resfricted'lo regions of 20-26%., and O. eremita, G. embrall­
ciliata and L. medusa never r~ a region with a salinity range between 30-34% . It 
also argues that the salinity of the waters has been a barrier for ~hese polychaetes 
in their migrations to regions of lower osmotic pressures. 

TABLE 1 

Dislribut;o" of various geIJera of poiychaeles at differelJt stations 

Percentagq of occu rrencc of 
Salinity --- - . - -- · . }-

Station range . ! .~~,'. ~: • " 

I 
%0 Omlphis I Glyrera L'oimia . . Ir,. D;opalra Clymelle fliarphysa embrall· 

eremi/a 

I ciliata m~cfusa .( rariabilis insecta gTollelyi . 
I • • -.. • 

I I I I ~; ';---. .. 
A 3()'34 52 48 nil nil nil nil 
B 3()'34 nil nil 94 I nil nil 6 
C 26-29 nil I nil I nil I nil • nil 100 
D 2()'26 I nil 1 nil nil 33 31 36 
E I 15-20 I nil I ni l 

· 
ni l I nil I nil 100 

F , 10·15 nil I nil nil I nil 1 nil nil 
G 5-10 I nil I nil nil I ni l I nil nil 

I 
I I 

DtSCUSSION 

The facls favourable for the penetration of marine fauna into the mouths of 
rivers have been analysed by many workers. It has been maintained that tem­
perature is an imporlant factor (Panikkar & Aiyar, 1937 ; Broekema, 1941; 
Wickgren, 1953 ; Kinne , 1956b ; Verwey, 1957). This may probably explain the 
abundance of marine fauna in the tropica l brackish-waters (Panikkar, 1951). How: 
ever, the importance of salinity as a factor in the distribution of animals cannot be 
minimised. Recently Veerabhadra Rao (1951) has stressed the effect of salinity 
on the spawning and development of a back-water Oyster. A similar o.b.serv,atjgn 
was made by Remane (1934), Redeke ( 1933) and Toppi ng & Fuller (1942) -eJ!lpha­
s i~ing that salini ty was an equally important factor. Viewed against this knowledge, 
in the dist ribution of M . gravelyi, D. 11ariabilis, C. insecta , L. medusa, G. embran­
chiala and O . • remila in the brackish-water zones of Adyar,it may be seen that, the 
temperature remaining the same, the extent of penetration varies. The differ­
ences in the degree of migration of the polychaete genera studied appear to be 
accounted for on the basis of the different capacities of their nephridia for osmo­
regulation (KriShnan , 1952 ; Krishnamoorthi, 1962) . 

. ' 
~ • 

. .. ' 
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Other ecological factors such as the avai lability of suitable food, the pre­
valence of optim um percentage of oxygen for respiration and the nature of back­
water flora and fauna congenial to the existence of these marine polychaetes also 
have to be considered. The importance of conditions favourable for the normal 
reproduction and safe development of these migrators cannot be minimised. In 
this connection the present sludy of these brackish-water polychaetes shows how 
the eggs are protected (Krishnamoorthi , 1951); how Ihe early development abbre­
viated (Aiyar, 1931 ; Krishnan , 1936) and how the precocious development of the 
nephridium in the metatrochophore and nectoehaetae is of a degree of osmo­
regulatory capacity sufficient to withstand sudden dilution of the medium (Krishna­
moorthi , 1951). 

The significance of the greater adaptability exhibited by M. gral'elyi and lesse r 
degrees of specialisation in the other fomls is more pronounced when viewed in 
relalion to the habits and distribution of the group as a whole. M. grGl'elyi, D. 
rar;abilis, and C. illseCla are sharply contrasted from O. eremila, L. medusa and 
C. embral/('lIial(l in that the last mentioned three are purely marine in habitat. Of 
Ihe eight species recorded so far in the genus Ollllpll;s, Onuphis bisipicra from Indo­
Malayan regions : O. dorsa/is. O. remgreni, O. il1lermedia and O. frngalis all from 
\V . African and Angola coasts; O. Ii/oratis and O. gorgoJlensis frolll Panama and 
O. iJII'esligalors from Arabian sea clearly indicate their distribution to marine 
habitat s. Similarly Loimia rariegarG from [ndo-Malayan regions; L. mOlllaglii 
from the Pacific; L. 1II;llllla off the coast of Florida; L. alliluli/ili;- and L. lurgida 
from fa, t Indies show that they are confined to the sea. Clycera lessella/(/ and 
C. cap;la/a var. bengl/ellana from the coast of S.W. Africa; C. rouxii from China; 
C. ullicornis from Sweden ; C. cOlll'olllla var. capellsis from S. Africa and C. spadix 
rr0111 Gulf or Da vao arc confined to the sea. Of thc Genus Dioparra, Diopalra 
Ileapolilww alone has been recorded off the coast of France, while D. (,I/prea. D. 
orieillalis and D . . \II'iala have been recorded from brackish-water. Asychi" plim­
menullellsis. Ma(Toc/ymel1el/a ,\t(,It'arfeIlSi!i and Nic/iom(fcile from Schmarda; Cly­
melle tropica from Panama; C. fIImal1dalei from Arnoy, China and C. grossa var. 
newporti from S. California show a similar di stribution as the worms belonging to 
the gelllls Diopalra. The genus /lil arphysa, however shows a much varied and cos­
mopoli'''n distributi on. Of the six species known in this genus, only llfarpir)'sa 
mortellse"i and AI. Sal/guinea from the Pacific have been recorded from sea, whereas 
Ivl . hellfschci from the brackish-waters of Brazi l; ft1. sallgllillea va T. americana from 
Lhe Canal Zone of S. America where waters are less saline (Monro. 1933) ; 1\1, sillelJ­
s;; and M. oriellralis from brackish-waters of Amo)" China all go to pro\'e their 
wide di~tribllLion. eren to regions or Ics:-. sal ine media. The second ment ioned 
rOml, M. sallguillea has abo been recorded from Wailupe Pond (Abbot, 1946) and 
it!'! occurrence in an almost rresh water pond i'i significant because the Sa mc spccies 
I"" been recorded from the sea. Thus the wide di stribution of MOl'pir)'sa indicate 
a tendency towards an ass umption of fre shwater life. Although factors like tempe­
rature. e>pecially in the tropics (Pani kkar. 1951), avai lability of minerals of biological 
importance etc .. have played a parl in the migration of animals from a marine habitat 
to less dilute media. the importance of nephrida and their role in osmoregulation 
are too arresting to be neglected. The modifications undergone by the nephriilll 
as a resu lt of cn\'ironmcntal factors they had to race during their migrations, are too 
true to be doubted. Tn this connection the observation of Pearse (1939) that 
, Heredity ga\'e the ability and en\'iron ment provided the opportunity ' seems to be 
quite apt. 
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SUMMARY 

The distribution of six species of polychaetes viz., M. gravelyi, D. variabilis, 
G. embranchiala, o. eremila, C. insecla and L. medusa has been studied on the basis of 
percentage of occurrence at various stations in the Adyar estuary, Madras. Among 
the polychaetes studied M . gravelyi was found to exhibit the greatest penetration 
occurring in regions where salinities were as low as even 5-10 parts per mille. It is 
argued that besides factors like salinity, temperature, availability of food, protection 
to eggs, abbreviations of stages in the life history and precocious development of 
nephridia in the larvae, factors like capacities for tolerance of salinity and abilities 
for osmotic regulation as rellected in the grades of structural modifications of 
nephridia, may have played an equally important role in the successful establishment 
and distribution of these polychaetes in the estuary. 
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