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The el ... tf'tc.tton of' the fIIl/Ulidae is" dependent ' 

upon charactas"whkh are eMilyvle1ble even in ttmpt,v' vfl1vas 

tittd s.. boitd en diffuem:eain the rnl,U81 ~f.dget the ,ah.pe 

end ,ac:u1ptvre of the shell' and the number aftd pOsltLon 01 the 

muacle :.tmpreatl1on •• '{ ttcwevu" the •• sheU. chaaetare eM be 
, ' 

, very mle1ead1ng. so that: the pre ... t trend In the atud,y of' titb 

'-U,a. to ebb'" '. 1l1Uc;b ilmetom1c:al dat., 88 pt) •• ib18t-

,The anatt::Jlly'of __ South ,Af'z.f.can ~Uld .. '$.a 4eaC&-iPad 

, in thitttheata) eM rt~i;~ the hinge' teeth, ,muael.e "1mpHa.~ •• 

, 1ttUsculatV1'e, MlVDua innezovat:Stm of the foct/bypuamuawldun 

and the e1£mentcy c-81:. The IIlptlctea •• _in~d ue f'.im. ppm, 

,(t.i.nnaeua) 115B, , 9JFormctQU8l!!!!2£iQIDIMI (Kl'Gli •• ) 1848, 

Av.!!SR!WI m .. 'lIDul (Cheonltz) 1785, ilaU'. J?lJ.pe!lMM 

(U,nf1aeua) 115B, Itml,S'PM"., .(1(&'-"8) 1848, MSUli! 

virSli&lP Barn_d 1964, .net ~YSAu! HEb- (Gould) 1850. 

The J,nv •• tigetion t..l:'llVaa1ed that: ,there La • ,single basic 

enatOmical plan, which is only al1ghtlyllOdlfl.d ~1;he diffennt, 

; .. " 
, , 

I. Conf1J:'Ntor,y .vidence on theevoluUon of the lJ..ivalvl. 

'e shown by.th$ trenslt1ona]. beteJ:OtllYa:ten condition 0' 
Ie d!llgeUelC!- .luvenUeapec""en. are heta~.l'i .. _ 

whUe adults ... monQrrlrdillfh 



2~· The, o.d.entaUan of tlm by8SU8 .retrctol' wsculatun ie 

di.aculaed,in ~rm.of 'the, p.tt~lar h81tS.tn occ:u~ 

blf :the spacies,' esped.814t .in r81.aUon to .. tv mov«mIInt 
. . I . - • 

, end '~, actlon_ Jt.iAJ evident tbet wh11e, thera _, be 

di'feHflce8 in the, pOGttlona of tMer: •• on theabeU 
". ~ " . '.' ; , :. • ~' 'I • • .,; : 

valvelS, theaemaw Gf)~ be, at' funcUonal £I'Iportance. 
. , 'j. ~. !. . . 

3. It'tIImll.d •• th" th8 ar:ienta:Ucmof the byawa ~~, 

in ",elation 'totha n.J.etsnce ~ p,:edi.toft is' on,ly, of 

eeconCtgy imporiance. " 

. 
specific difference& end theaecon~y .,tect afmuacle 

pooltS.on. 

5. Ths, anatamyof tna oral. Ctmtl.'actol' muscle. 'p1:e8Gnt tml.:v 

, 1ft ,C.-!'i91!i!!:ll4!b emf f.ti function era, deaulbitd.. It 
, I,,~ , 

8ppeau that thie 'ftlUllcle oete as a ~,on the100d .tntake 

'eapeCio11y in' thtl, p&'8SUflCe af higheoncentrationG at sand 

'in. euapmut1cm.. ' It may thl:lre,f'ore be CIne .,fthe 'acton 

enabUnU ltdO!r~I&'Bto tak~ full sc:01ogil:81 advantage 

or und.v nlebea. 

The d~8tz1bUtJ.onO' the speclea is presented and 18 

'examined .in the 119M, 'O,th8 subdivision of the South At.l:'.lCan 

fauna "'to four tJeCtionu, 1ft relution ~ the hNdrograph1c 



tiS. 

, \ 

, '1. The tl.'Opf.cal indo.Pacific speeles, SeQ'ti"!!: ~lH4.s 
.' ,I' '. '. ,,' ", " " " 

penetrates the South Af.l.'lc.n .. list coast regiaft to· asf_ 

.. Pt St' Johns., 'andwoutd 8ppear to h.w. lowulbi1ting 

dl~u~Uan.1. -'Puatwreof abgutl~C. The prMem:. 
1 , '. . ! 

(If .th.ls $peele. 1n H.-tal. conIUM ~lIt thu coast ragian 

D'· aubtrOp1Ct4 end h .. aHoQietlOM Withtb1l 'trOplCl.1· 

. tndo-weat. PaCifiC 1au"8a. 

2. l."ClR!DS' 8I'ld 8w!!Jtlt.a vlr sUll1l. two endade .,atf.4uine 

apset.a, •• typ:s'_· 01' the " ....... temperatcJ Z1IO£ans at the 
.. . , . . . 

south co.at,· but ,e.-tend norittwerds . .into the' ... t ccfil8t 

l:eglon, ~. thet th:aeB spede. are she*' ~ both caeattd 

l'egJ.ona. 

3. AlIlfSl!!Wl m!ll~ and· "~'diM. PJ!rlriignaU! .... ' 

the typlclltl epttCW cccu~!ng on the cold WJiJSt eodt of 

tempel'atUl.'eappe~. to be,about 20°'; . the,v are nM confJ.nad 

totM _,"coast .tane. but eX'ti!N\d •• aw_da Bound C. 

P~int and ,,,"~a ~e south cent. . The c~ler 

aeaod..Uon of the' Sm!th Ata:f..can feu".'. ex..,U.fied b, 



. '. . 

4." Althcug~ Pam' ge1'ol18 ~e~ded f1'Dnl olongthe whole 01' .. . - . . , 

t,. South Ah'JQn coast, it ahOuldnot· .. regddad ua 

epecf,es whlch ~s COI'MIOri to all tttnetA the CD~tal 'regions, 
'. ' 

. ,but rather, .o_.epecieo COI1iIrO" to tM· W81"MJi Waters of' 

ttm eGa~t •... Its low_, UmitinG d!stributibneJ. ~~.r .. tt.a. 
, ! , •• ', 

j ~ .,. , . 

•. ppe_~tc bedtmut.l~C. but tempU'atur:n of leu, .... 

tbi. h.ve been recorded. ' 

.. , \ 

. water 8pG.cin, C.!I!erlA9.Q9&ie .,d a.I!!!'Uid!!llita, and th8 

tyPlcal .,..m water.p,clea. fd!!tIl..The •• are at 
, . - - -.. c._· 

I 

Current, . and .tdonG the weatern end af the tiovth coat 

reglon: ' The tempe.stul'. in, these regions of CVII.rlap vsitta 

between'l,o.: and 21ft •. ' 

'. 6. Ekatllin.~n ~f the depth' dJ.at%1butlon of t .... e. species. 

and the templtJ:aMas at the&e. depths.. 1nd1catd that while 

tempe~atu.re may ba 1t!porlant 1rlllmitlng d.ist.ribut1on. 
, , 

other fer:tora, fNCh as substratum .. ,m.y ,be equaU,v limiting. 

, The vl!l3tiatkin lnebe of A.wmm&S wlthekpoeur. to 

.. av.action!e deac:dbad.. It u concluded th.t wi.th • deere .. e 



. J.n the e'fee, ot Wave aCtion. theft ;1& an 1rtct'fUdfl1n thttaize 

. . wt:tJ.ch spec4men8· eM . attafn. 

.:.'. 
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I. INTRODUCTION 

Due to reconsiderations of the taxonomy of the faaily 

Mytllidae (lay, 1936, 1937; Soot-Ryen, 1955) and subsequent 

revision of the South Afd,cen genera and apecies by Barnard 

(1964), a preliminary investigation waa undertaken .s an Honours' 

project, to study the anatomy of three species. The apecies, 

Chorornytl1us mer,idionoli8. Perna perna and AulacDtnVI magellanic •• 

were formally regerded I; belonging to a s1og1e genua Mytllu., 

but were Ilispar.ted into three distinct genera on the buis of 

ahell sculpture, the nature of the mUial ridge and the poSition 

and numbelr: of the muscle scar8 (Barn.rd. 1964). Al though 

this inventigltion was cursory, it revealed th.t there ia 

.. . 
evidence 1'rom the 10ternal an.tomy to substanti.te the aplitting. 

The present thesis re·examines thst evidence and has 

been expanded to includes 

(i) spec:ie. of six gener., ,,",ich were formally regarded .. 

be1clnging to four genera i.e. Chgrp!!!ytUus meridipnali., 

£!.£Dla perna and AulasPmY' !!!!g.llanic. formally all apeciea 

of the genua Mytilus; lamy. capena!8 formally Mpdiol. 

capeD!i!; Mu.cu1uB vi£glli .. prev10ualy confU8e~ with 

!!m!.!ol. capenda. but now regarded .. a new genutl and 

speciaa (Barnard, 1964), Septifer bllpcularia of the 

ganua Seotifar. 



2. 

(U., ·a ftewq recbrded genua from South Artlca (Barnard, 1964), 
~~ , 

#tbi.cb Scot-Rpn . (1967 J . perstlnel communication.) GUggeata 

. ill. 1denti~ wlth the South AftIel'.ican. epeciea i!llim¥11l.1ua 
, ", r ',~ , • 

Difterent potJ.i.t1cn$ of' the 'fIIUsc:le, acIlJ:IU'II'Ust me.n thai: 

the&-8 U08 ·di;ff'erene •. 1ft thttmuscul_ •• tftd 8lao' poaatb16 
i' 1 • , •• 

differencea' 5.n thee 8tNc~e f!Ind. arrMgemant af' the, ot~ 01:tana .. 

Thiatheft . t. the prtlblelh. 

The intunal ana~,of tnt!: South ~fl'1c.n MytUldae 1. 

pt3Drly known end the puJ'paae of thie pBpel' is fllntly to elucidate 

internal a'twttura.S.1nce ".pU.tUno" OCCUR When tn. knowledge 

01 a femUy .is inau'f'.f.c4ent. :it ,i.e hoped that' th1e atud.v I4l1 

prOVide' fUl'ther characteQ for • world revislon. toge~er with ' 

, e basia for the 1nteq,retet1on Gf ·evoluUonar!l chango within 
, . 

tt.e family. It,.8)1 be eMpected 1:hat the numbttz of' 98ft.-z:a wUl 

be.ceduCed. 

Whl1ocollecting the SpecJ.tnens.notee en .tha.I.z ecology 

aridd1atl:'ibutton were made.· PMliminary WCJ'k carl.'Hd out in the 

Honml1:l's'proJect. ~'the f'UftcUan of the ,~atl contractor mwm18. 
U . . 

in C,m!£H&9nfl1s 'ha been c;ompleted. and is now pnsentIJd to 

tlhow the functlonal tmpol'tance of thie p8 .. tic::vla ftIU.$· .. 

Al thQugh the oldeat and probably the artC".tozod bivalve. 

e.g. leb,"15., tire known IreII'! the Up~ t-mrian (Zamu. 1"h 

Cox, 1960). oytiU.for.aspectea have only been .recorded 1t:Um .. 

far back .. ,he Devonian (Soot ... Ryen, 1955). ttowav.e..,az-at£on 



of the fedly MyUUdae (Devonian) '1'011 the ,related femUy 

Modiclopsidee (Ordovician to Dovonien) has proved to be 
, , 

, J.ndistinct, GO that tho MyUlldaa era' cOnsidered to be a ' ' 

continuation of soae branch of the, Mad101opaJ.dae. Ccx (1931) 
, , 

holds that the mytiiid enceGtorw8o not typically iaytUif'oJ:l1 

endprobebly resembled the Rt'JCsnt Oen&:ralAAdlla end J2acl'¥diHm. 

The short aynapaieof the cnell'actere of tho MyWidee 

given by Thiele (1934) haa bean expanded by Soot-nyen (1955. p.3h 

"Shell equivalve, genarallyvery, {naquilat ••• 1 with 

pl'Osogyre,UMbanea neer the enterior endl ligament elongete. 

deep aGoted. generally with nymphae, 'the inner r8.111e1'pect 

typically connected wi,th ,the nymphae; bye ,celclf;1ed whit'; d.dge~, 

Shell showing thiee areast (l)th., anterior aree. ,the lunule, 

mol'S or less distinctly cir~cribed. often,!,l ih 1'.dieting 

aCt.ll.ptun and dytmdont ~.th on the, inner aargin, (2) the 

_dim Pal't, generally glony end l'emly wltt, rad1eting 

aculptura; end (3) the, poate.,iol' put, o1'tQn stl'Otlglyeculptured 

or aet off bye different 'color OJ: by akael. ,5h811 ordinarily· 

aoqetimea with.hair-l1ke protuberancesc~ w~th incrust.tione. 

Prodiaenconch with prov!nculum, which pRrsiate in aome B~eller 

species. ~entle lobes united below the anal siphonsl opening, 

branchial-opening confluent with the pedal opening, p08ted.or 

,pst of mantle edges cf"tpnpigJOlfnted and. f'urn1ah1td with papillae. 
" " ' ,; , ' 



Antel'.lor ',odductar ITIUscle smaUll': ~h.,n the ,prJater1ot' ane. S~ 

ttmeoo1:isol&te in adult shalls,. ,Antuior b.~eus mU8Ctot' . 

. aml!.!l, fastened be~ore til' behli'\f! thouti'lbortea.. Pcs"teriol' 

re'trecto:r: 16 C:lmet'311y conflu~nt tdth the poate;d .. ol.' addi.Jatu •. 

foot ,finger-shaped w$.th a ventral, f~l'O""b.vSSt4 gl:end behind 

ttlG fant functional: in moat flf" thn, speclea.GiUef!Ubranch; 

, ~lllnUic1eelnbt'ec.i.ng the ~ctum. f!iOliIOec~... t4el'inm!;'. a faw 

'species in bl'sckAGh ·or fbah WGter. n . 

Jt is' desir.able t'DP%'eSMt the characte:ta .of eecn of 

the 9efteES, as _va" by Soot.-Ryeni195!ih 

i.tDl,eJ;RB. "Retd.us A70e 

Type;"$pfltc~es P8EM·. ma*&miGi Hetd.b&· ~ 1£18 

'. ·This genus is chal'et:tarised by' tho pittf!d 1'eSU1a1 

d.dge~ tbe' ant4itior: 'poa1Ucn of th~ toot mtrsctoJ:, end the 

. ad.aGing ontel:i4l' ad~ctor. Thei~U '.is r.lCi'e lMt'ga~1tecettue 

.than ttwil. o~hel't!~iiluf.J:"11I<e 9tme.ra~'· 

,§mus tHg;tta~1YitL.YlisOot.RYIln 1952 

Type-species M¥MlW!Ch!mUl~l.tna 1702' 

.<. • ~ .'. 

The resUial ridge •. unll.fte. Pf9ma. i8 compact end ttas 
'. " . 

:. poatuio~ tJyesua and foet reuactore eft ccntinuou., tlu1Ugh S~-

,t1l'M!1s'cnlynerrcwlycoMeeted.. The ente~1or adductor .is sbll-JMt 

ift edulitspt:1cUtens, but may be elHm .tn. lI'cung rtpi!ctmena. The 

b~o1lhtS18 very .~~h b.tenchin~ fZ:om e centza1 atem_' The lunule 
. ' ' 

,is bent inwuds, fom£ng one I':I!ntbll tc!oth'in the.dghteImU. 
, , 
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iIQut AACt"YA Mlrch 1853 

Ty"....pecie. M1cWu' •• UID1cu! aw..lt.z 1785 

n. outer fora of the ~la i. l1ka otha: .yt.U1-

fon tlpel:la. and 18 quite v_Ubla. ThaH .. a ueually IItZ'anV 

radJ.etJ.na atriM avar _, of the aarfaca, ... 1ch _,y be :!..ndUtt.nct. 

The hingll in the 1.f, valva canaiata of • broadly folded and 

tuJ:'nad up tooth-Uka lunul., cozr_ponding to • daprM.1eft In 

the right ".,.. The n~ an .Uang .. tar1arly ..,d the I'II.Ulal 

~idp 18 a.p.n. TtuI anterior adductOJ: .. y b. proant in )'CUtg 

'pIIC"-'"t but oftM abaclav OZ' ab ... t in edul t fDZM. The 

.. tuior I'IJtractor 1a alengate behind the ....t:!oM.. the po.tar.iar 

ratrectaza ara br~ &a11tad with the 1Idduc=. 
ifDMt ¥PTIF'E!! Acluz 18'8 

Type-apedlta MyW.uI bllosulHM l.innIt 1158 

ThI epeciaa ara .yt111f'ora, with ...... tui.orl.v plead 

dlcle OZ' aeptt. for the antuJ.or adductor. MagJ.nal ezenulaUon. 

era pre...,' along the arttarioz and pa.tar.ior ventral .. gin. t end 

along the daraal .,d poatarloJ' __ gin.. TIw Z'adW IICUlptura 18 

not eiIIply bi'~at1ng, but ullUally can-.1ata of aavaral upaJ'ata 

U,.a cDinG f~ one J'acUating lLne. po.hrlor part of ... t1a 

with ...u pllpW". The pcMItarJor adductor eIIbracD the 

nuacton dal:aal.lr. 

i!ny! MQl.us Aiding 1198 

T~J.n M"'" dlacgyg l~ 1161 



., 
Tids genus .i.s charaeteJ:i.$e~. by. '''e sntf3l'iO%' adductol' 

bdn\lplaced Mtr:U::'iAn' to tho tJIl\bonn end the posterior mtractOJ:G 

bdng continuous and united with thlZt posterior adductor. The 
~ . , ,. ~ 

., 
. valva'S an ratber flat., Without edletinct keel',' but the pcnrter" ... 

dorsal &'e9i.onie. oepS%'&ted fftm! the' rest (If the velve by 8 more 

ut' less pl'OnOUnced ful't'C!w. The an tutor retl'~tol' 18 like, 

Bgdio1YI. but the pD9teri01' mvectors hDve a strong, elMgated 

branch '.tlmed along tne darae1'rn8rglnMd e single'elendSr 

bz-anch 'etefted ebove the pc8ter1tJ%eddu:toJ: ... 

'y~ma8 Sp~I.!!TJUJ,5 5cJat-n~f!n 1955 

Typo ope-cias MvtUu!, !!WeU- Gould 1850 

Smdl . fftY1:iU'oxm with need.y" temif'u:4 U1IIbcnea; lunule, 

ental1 6lnd. e.ircitl'!'l9uibed b!t a f1neti,na; .anter.tca mugin without 

teeth,allghtlybent cutWas'd enduaua11y conauicted, to 'forme 

S'tlt.snded lii!nterior margin. Anwl."ior addt..-c:tor preso"t. poetcir'iOl' 

adduetors end retrac,ton cantinw:.iUs. antcrior l'et1'lac~r 'astened 

bp...1ow the ligament behind the umbo, elongate, ner~ow., s8ptlZ'ated 

in thi.'l! middle; "eslUQ1 ridge compact.. Pallial 'tI1a1'gi.n with 

The df.agnosiaofthe genuble., is tske .... fl:pm Soot­

RYfm (959). 

.. ." 



!,jqJHn.,\J\r.W,e. Scot...n~n 1959 

. Type-cpocid £!ldl2\1 !&r,tnNKrBWan U'48 

5....,11 thin" J!lOd1ou'f'"OZI!J, wlt',bl'Oedly x:ounded luntJle. 

r.csUial 1'1doo C:Qt:Zptmt, ligemont deep nt •. flint visible do;t8al.l~. 

e f'ow enm4atton!8 &sh1nd the liotJeIMIt and M e.1e.ngote. tooth-

culcru% Ift.king •• · Anterior adductor 1.81'08'. $l"o.~t: ildductor 

re.1Gtively small end CfJnflwmtwl ttt the nS%~Ilf. bsnd-like 

peGWI'.:tcJ' nueet4tn" AntftrioJ' ftrtll'aCtaa: tound. fdtarmd in 
., 

t,he U'!lbenel cavity.. Branchial 0:18",ln9 w1.tht.'hickenod mant.\c 

margins fUl.'n18tied wlthl_Q8, flot papUlab plec~d VI)Z'tiI:.lUlV 

on ttm mQt'g.f..n \IIitttml!8U,ot paplll.ae tft between. Gcnatdtl lateJ:"! 

.i.n ttm msn·Ue • 

. ". ean be seM. thE; c1aeolfieGtlt.:rn 01' the toUN 1. 

dcpendefitupnn eh$recteh which are ensUy ",ta.ible. eVen· In empty 

vGlves llle. di."e%t'inCn in toocesUlel rJ.dge. ttl .. G~ _6 

l2culptu2!s of' the Ctlell andth& pos.ltkin1ng cfthe .Jl'rullcle ecers. 

Hnwewr, tUssgz'etr.';'lent eMista lUI to which ehat'et;terra ere td.grd.flcant. 

, 

Ju1te ... ~a (1905) consisH that the patllUanaf the 

t.tmhanea end e~'aee uulp~tl1O er& 0', $.ccnder~ '1II1Ol:'tence in 

tho claaoif£cat1.cn of tNs f.;ytUicfee, whUe illnQe ChSBetU" •. anG 

:' , 

t1,UftCm (1961, pEEaonal ~el\tian J is 0' the 

oplfticn thet fi~l (!~r8Cters can ba wrl1 at81eading ... texoftomie 

eharocttrJ!., md ·hM· poif,ted. cut (1966, p .. 6,'tha't thl, tlIUGCtllatuh. 
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-may be convergent, as bas.d on recent studi ••• • He is there­

fore collecting •• much anatomical dat ••• possible, for the 

purposes of making a world-wide revision of the famUy_ Aa 

has been mentioned above. it is hoped that this study will provide 

further characters 0' taxonomic significance for the world revision 

and font • basis 'for the interpretation of evolutionary changes 

within the family. 



The·. following Speic!eS were ex81llined during the course 

of ttl!,!!.· pape!'f 

Numerau&aped.mans of both PJ!caervad and livin9 ma1;ru:1e1. 

from Pt &aUf't" m.tlic ~at coast to Plettenberg Ba, ootha SQUtb 

CODst, were examined. . ,1l1soectlons tffte madIs on aboUt 50 of 

these, end the dz'adng1l.end daacnpt.tana aH the c~&.lte Z'eeulte 

of t110se d1eae.::tiOnD~ .tmpty valves :In the cnUecUon I)f thfj 

South Afd.Coan ".uHUm .-1'8 alao chedced. Tho site "f the specJ.mena 

\fad,od bettieen 311Ma endlOD mIIltI. Juveni.l:e ep!le1mim8(& ...... 

, 4fl1'llTlS,) WllI'C examined • 

. About 200apeclmens were exandned.. and detslled 

dissectiona wer~ done on about 50 0' th~H. including 12 1utge 

spoc=imans fJ.'oftl MaGe_de. (OS lIIIIa to 140 mIllS· total length I. end 

if} mnFJ11 fJpecimel'ls '&'Om Inllace Is (55 l'JIfMi.avuage totla11angth). 
_c .... 11i&..tc..l ,_ .... ftO... I.oc.a.\ih., !..twc.c.1I 

1M ramsining ~~SLl':i!Itf'i*g ~ UandUdno, . on the, Cape 

Penlnsulf!wat cc~t. to Uvongo. on tt.e ,Natal east Coest. Their 

si~.vari.ed between 40 1I'IIDS and 90 tI.I1ilS. (takllef1gtb). Doth 

, . 

lisy end U8r8 measured, about 20 of theD were d18Bected. About 
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30 othe1' .pec!merUJ. U.Ying and ~.uvlld. w,re. ale di.aaec:'tP.d.· 

theee' aptlc-imens .al'ied in size ,between 30 WJG· end lOG M$f 

.hotal leftgth)', and elM f~ west CQ8It lccal1uea (~tJlfJ 

to 5t ""lena llay).. J\lvenl.le ~te"'e1 f.l'Olli the ireatcWate:.ewes 

~l'Ved •• ttnW tZ'CM $ante c.ol1rmte. Moueblque 

, (35 fIllS toSS ft'lI'I'lt'i' tctallengtb) end tho Natal, coat (31).a 

. aVarage totlJtl lertQth) Was :_~d.·· Abtmt' lSdpec~ wua 

di8tWCted ·~detaU.. . Cllpty velva in .. the ~ut" A'deen .~ . 

coll.ectJ.m. Wt.u:e ale hfMirtad. • . 

, , 

W!!lxm. cay (~.um) 1948 . 

. , f'mssved encJ 11\11"0 nwtGrial fi'om tha I(ft,.,_ Lagmm 

U.S .... to 3D fJItiS tDtlfd length) Was eX_Md. DetaUed 

diQIIC'U.ona _" mede .m, . .;about 3Ocf' tll __ .' ·A eitttl.J p~.d." 

'9iant'fI~ (tottll lengttJ 62 Ift.J,' taken at ftu..l a.y • 

. waG alaodUHCted. Un'(ll:twn.~y, f'u:rt.he _tw1.'ul af. thetoc 
. ' 

jglen'·. Op6CVIens WBD· net obteir1ed(c.f'. SooWlIon.1950l. 
. ' 

. 'UJpt)' velva in the' South Afr.lce MvftUII ec11ecUon tiKR8 . 

~GY19. ~jt9"&e!B~ard 1964 

.Materi4 Wile· collected 1ft ttm JCnysna t.evoon and in ' 

,the ~urboama fU,vuo Specimens vd.led .in a1za b.twen 15 'es 

~d '3D n... ,(total'l-"9th)., Abollt 2U of th!!Ge W:rd dissected 
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in detaU.E'~t.y valves wet!'G e1so ax_ned. 
t, , ' \ 

Only' p.r:f)8$~ed material was ,avaUable. '. fh1e trf6G 

., collected at Cape' Cross. 'South' West Afs-.tca,. and', vod,ed in alze .' 

from 10 mms to 25 .... (tow! length).. Of the 14 apee1Jtlflrl9 . 

. evaUable, e wercd1tuaected.· . Empty velves sent to . Soot-Ryan 

were Q::IIl)p.ed with epecimens 0'1 ••• fl'alf· tho west const 

of South Am.d.cs and found to be identical •. 



.12 

nuZ-ing the period Janutaa:~. 1966 to March, 1967.. 

collecting trips were matte between Handetelip Bey and' pt 
'. -

Eluabe th,.One &ptte1e~,s!p$;i:fA£ &,:!'uE!J.Fl!. was ob_inad 

from Sent. CSbline 'Jelen~t Mozambique" lind ·the· Natal cOast .• , 

~ou.speciMen9 ware collected in Soutb Weet Afrlt:88nd-
, , 

Angoleb¥ Ore H .. L~Pen:tith, (South African Museum), durlnQ an .. " . 

, The. work .. done on tNt ecology of .intert1dal.a:-oeka 

,around theScuth AfrLcan coast by ttte. Zoolo\W. Department of ' 
-. .' -. . .' . _ -, . Stc~hc"'o,, 
the UftiversJ.ty ,of Cape Town, under Pmfeaaor T,.A. 'i~AQAo 

during the pedod 1931 :~19'O~ forlnG the bule af' comped.ecn' 

for any group ftf:interlJ,dal- M~alS.. During the caurae of' . 

tbS.ssurvey, ~ight locaU,tte.-· b@twaan Pt Nolloth and Durban 

thlrty-one other localities, ·frO$north of Pt ,Nolloth· to 

Uenpangezl. 'UnpublUlhed recctda of th.is Department. MVD.a180 

b~enm9de avoUableto' the authDr. 

F19UZ'ul and 2 _ GU1T!'IIls:d.8e the distribution of the 

species'dealt wlth 1ft. thi.peper. 
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, . 

.s&IcHIBlcm en »,gtrUN1:&f.14 

A1thaug~ accusoty facton, auch a&p1'toaphawand 

nitacta'concenuet1ons, .mayplay $pQt in the dUtribution of 
.: . . .' . . st.~h""foOi\ . 

Intertidal. ~a (Eknmn. 1953), StOtJeASQA (1939) J:egarded that 

the ltIIpol:'tant factor tllaathe-t 0' tfJllpeX'atUl'e.. TemperatuJ:.' uelUl 

.100 ,be one of the 11mltlng f'acto1:G 1n the dt.t:ti.bvUon of -.nytU,., 

.1 though this g,toup' ofinoUuaca . hd· a wldotolerenee range. . 

11ende~' (~929) 'he8 fouftd the" theupPel: lethal. tetllPsraturll 

. tor MvtQyapdYi'U,: .i8 IO.:tftC, ""Ue the Iowa" le~o1 ~~. 
, a ., . 

is below 0 t UJadgSGn. 1928; ,Kentd,s""I', 1955). However. it 
, . 

. $ ••• that ·the duraUon 'of' ~b. ,perUcul8l' tertpel',tuft iG t~ 

baa1.c criterian, sinca Bruce ~1926) .htis shown that M.plls 
'. . 0 

cannot 11ve fol:' mal'f,.t ·than 1 hour at, 30 tit ~UEiOf .lItn111re wlnteH 

have 6au1tad tnthll man mortal,lty of mussel populet1ons. Dsy 
. ~ . 

Ca-rolJ.na coest.M.esiuli!i8,preSamt in wtntet htinter tempel"stul'8 
, . , 

"Vel, but, die in. $UfMJf1X' (8 .... er telllpel'atum 27 ... fie) • Henca 

Hutchings (1947) and St.ubbinga(1.954) hIW8 reported that the 

southern llm1t ot 8,p$fUp coincidea w1t:htha af'c Dotherm~ 

while the. nor~ l1mit pertly coincides with ~ ~C 1sotherm. 

Uve in "stet in -which the aaUnity111 greatly reduced. MOtwsnl 

. (1955) haa shown that, the lower U.mlt for t!duilYs lies between 
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"W ,I':' 

12.65 %oond 15.00 ", and llad9$~" (192CHLtha uppe,r- limitlat 62.0. 1-.. 

On the baai. of the survey. ~ an tba South Ah:J.can 
. .. ',~.~~"~Of\ 
intertldel,fauna and f~o.ra .. iit!:Y9RDEn U.944) divided the 'coest, 

, .. into three IIlaln regiens •. , ';'hoe 14m$. ta, '~ ,found to lie in 

ereaa of overlap, 'l'athar.'thnn at parUCul.. ~tFeptt1cal 

, bi:lundd,ea., . These RgIMs Were: 

.. te) Th& tiCst caalit,fJlCll fit Nolloth (oJinorth .of Pt Nalloth) 

to' Cepe PoJ;nt; that parte' thecodt lnf'iwneoc br the 

caldl3en;uele Cur~. .' 

(b) . the ~'h eoeat. 'fD.'lm(apeAguln. 'to pt £lJ.~_tt1 

(c) the east coast, fftllthe a.shea River IlCUth to t.rmpengai 
. . . . . . . 

. (or notth of' Um"angezih 'that paJ't of the coast influ'ancad 

tU the weawm oVerlap,',rom Capa,Point to 'Cepe Agu1tma , 

'(U) , tho ea'tern ovurlap, .fXOmPt £llitabethto the Basheo River 

The cold Qenguele' Currentruna in .ftOrt~a~rlN 

.'.d1rect1cn alcmg ,tbe' 'weet 'coastot South Afd.caesnd South lleat 
, , 

Atl'~a, and 10 th~ .1'" ... 1-\0' vpdlUng of coldwater (go .... UoC) 

(Clowa8. '195tl) fzane deptb of' 200 ... 3OO __ m, (Currie and Han·, 

, 1969'.' As thewatet' moves IItIBy from thect'u!ltlt. it U wlIZme.d bll ' 
. • I 

#0161' rGdlet1on. so that the temperatures ~e WIIual:1y-lowest . 



., 

15 

, lab&! 11 Surtace tmnperatures of eea water for loc8111:1 .. an 

the South Attie .. COB!lt,. (after laa8C, 1931 (.) ) 

locality ~an annual Max. teInp , Min. t .. 
I 

ttrnp ("e) (Gel . t Wl'Jftth ' (Oe) , month 

, W81vts'8.y 16.1, 'lfJ.4 (Jan) 13.4 (Jul.,) 

Sa1d.,ha Bay' 14 .. 8 18.2 Cf'.b) u.s ,(July) 
.. 

tapa Town Pier 12.8 .13.6 (JWI. 12.4 (Sept) 

Apr, Od) 

Mulzenbug , '," to6.' 19.6 (Dec) 13.2 (June) 

51110" t 8 Say , ' ~ ,15.3 lfl.4 (Jan) ,13.4 (M) '9 

HaftlantJs . 14.6 17.1 (Jan' 13.4 (M8I', 

July. Sept) 

Dang" Point. 15.6 11.1 (den) 14.5 (July, 

Aug, Sttpt) 

tepe Agulhas 11.1 20.' (Jill'll '13.9 (July) 

Struy. !lq 17.4 ,20.9 ,reb) 13.8 (July) 

Kn~n.·H_s ,16 .. 8 19.9 (tab), .u.S (Aug) 

Capa 5t Francis 11.3 19.1 (Jen) 14.8 (Sept) 

Sud Island 18.2 2D .. 9 (Jan) 15.9 (Aug) 

E •• t LondDn 17.6 19.2 (Jan) 15.1 (Sept) 

Pt St Jo""s 19.3 21.0 (Jan), 16.8 (July) 

Durban 21.8 24.7 (rab) 19 .. 3 (Aug) 



16 

\\." ~".",,,Oi\. '. . 
$U'lltm$~ R'l !l (1936) heve pointed cut the sim£lerity 

in t.rature 'et Teble ~ dndWalvluBeN t'Teblel),whlch1. 

evldeneo that the efft;etof the tlcnguela wJrren'\ is stlU foe! t, 

.in the tnlpicsof t~ weRt cuast.' Migher '~ul!lfMlr temporatures 

at t1e1 vl.sBsy ean be .scccunted f= by inula'Uort .. , ' "heft iae , 

a11ghtfelloff 1ti tempGl'etul'e, northwards f'l'aI!l C'apo Point 
,. " ' , 

Hease, 1937 (b) 1" and. ~ ngJ.on intfto area HondetcU.p 

Bay " to. 9t NoUoth~ Saldanha Ba,v exptn:.i.tlncea unutlual~ high 

~erattJ~~. In ,~~. treble lJ •. and ,shculd"ot be J:'egMded as 
. '. ' '" ,", st.""."'sOft, " 

typically weat, ,co_t (Mi!wmeo*, .. ~93t) .. 

l'heAgulh. Cutnnt. ~::htch: f'.taws GOllthNal'Qa along the 

eaat ·coasts· of' I1aza'lbi.que. and South Afl'iCli"i& ehuecterisedby 

1tehightf!l!l;pel'4ture and 'law salintty. Thiocurrentmay or G£W 

" .... .... ' ' . . ' ' I 
nDt. be strengthened by the J.1ozmnbique, Ctl1:I'fm' (Mensc:M. 1961).'. 

,The Agulhe Ctirrertt flows as III bOl'6 .t.nahore, but be~ Pt .5t 

Johns andrEWt Londrm, it ~ Gf'f~.w1tb e ~$I.Ilting 

~esse 1n shon templ'Jl!atus-c (T*'ble U10 frctn E$et London to 

. PtEll2eb.eith, . the effect cfthG AOUlhas tuzr.ent 1s attll felt, 

the Umpe~8tu"$ rarely dz:opp.tng below ,lSCe.'. whUe ~atuJl'e8 

0111\O%e then 2rPC. aree1qJerienced (Table 1».. Colder teltpel'atutea 

may be uxpol'lenced ~UG to local ~111"o(MnlloJY.l'6l)" 

especially in the Pt El~thto nos:8.,1 lay. "taion. In .. the 

.: vacinltyof' Cape 'Agdlhaa, the curret,t 18 deflected to ,the .w~ 

. .• and soutb-e,.t (Orren. 1963). The love: tttmpG'ntureacxperlenced 



". 

Dleu1bution tlf MytW" arOund· th~ ecuthal'h Af.t"lan c:oaet~ . 

ehMng the division t.nto lint co_'(~ water).' aoutt'tcaast, 

wes' coast (cold wet.) and -Wsct ,A"ncen hi. watel')~ogiQmJ •.. 
. . , 

. . 
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--- Pt Edward 
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\--- Kosi Bay 

\---Inhaca 

1--- Inhambane 

1--- Bazaruto 
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at ~ WId n.,g.r Paint 8ft probtbly thtI HlUlt ., 18C11l 

upwe1Ung. H1ohe~ t8IIpe:r:at.una .. found .in '81 .. BQ (Tela 1), 

W.H the h:t~ condiUoM 8ft -.n caaplax, MIl wan 

"etal' ~. to pila up at the ncn:t ........ tam comu 0' the .., 

(Atkin., 1965). 

The dSJItrlbuUan 0' the 8pR.t_ dNlt Mith in thb 

pape~ ...... lId .... in figUrea 1 .nd 2. 

On the b .. b of' hb aubdJ.vJ.aJ.on a' the intllrlida1 

hOiM of the South A'ri~ COMt, Staphaneon (1' .. 8) raceon.tMd 

that the 'lILIna ceuld b. divided into four 'tNICUan.'. the 

IlUbtrop1cal ~ of NeW, the ......,...tMpItl'.t. f .... 0' 
the 8Quth coeat; the cold-u.perata papulation of th8 _t 

C'OHt. EKh of thue HCticJne CtWIpJ:1ud ....-.u.c 'one .-.d 

apKin which it ahand .. ith IMIj**,t '& .. nl1 aecttan.. The 

'ourth conaJ.atlld 0' • faw lJpIICiaa tlllhtch ccc:t.ared U'ound tM 

whel. of thl Sauth A'd.eM co .. t. 

It _t be pointed out that ~ thrM of the ..-ct­

ex.iMd in thill .,..,.1' .... lindale to the 80Utlwm Ald,eM COMt, 

Sw.k~ .nd lnhllllb_ bein; taken .. tIw lWta. The..,.c.t.u 

.. e ~SAwa Mtldtme1". I._a cs,"," Met Mu!CUlu' 

vlrqU, •• 

p.m! p!l!lI OCCUH an tM AUMUC COMt of Sauth 

-.ziea (Soat-R,yen, 1955), whan it J.a ... acJ.atad Idth the ..... 

_tar of the BrazU CYZ'ZWtt. The epeel .. h_ b ..... recordlrd 1ro. 

North and We.t Africa (AlQerie. SaneQal. Oak.. '_d .. , 



· Angola = Lat'II)f. 1936, Ghana: Besaindale. 1961). and this West 

African werm-tlater populeUon a_tend. aoutilwerd8 olOfti th8 ' 
Afr1c:an COtlSt to LOdf!r1tz ('i; 2J., e..peE!!1 'e oleo kno .. , tt'Gm 

, the Red See 'l1ftd A.n (~. 1"", and thta.,·C.,at Afrlean ~ 

watet population 8:J(tcmds'IJDuthw&Z'do along tho hBtCGD9t of 

Af.t:'1cato ~FI..,"_tel"CapI!. Point, Thesp8clea .hes been 

.roCDl:'ded west of Cape. Po.int; alm, that port of' the coast 

influenced by the Cold Benguela CUl'rant. at Pla~unt. 
, . ' . 

Yaer1'onw1n and SeldenhaBsy (Unlvdaity 0' Cepe TC'JWtI). I 

have taken five ~Pccimen. (60 .. evaJ:age· total lemgth) . at 

UetJdudno. althaugh this sPecieS, wt't8 mrt,J:f!Corded hamt by 

Swveneon. HMV. the GP~C~' eze accesionel. leol.ated . 

The la1"geat e.,ec1menawen tsteen at S.il1toplftUnd. wtdlo 

specimens furthol'ftOl'th at Moaaamtu1ea 1imd thaae from the Scuth' 

Afd,can oeDt CeQt were f.aiJ. smeller b.v ClDlpDJ:1DDn. ' 1t,111 

euggested tha~cptimuftl conditions tor:. V __ ttl sa ~"'for:.d by the 

waft'! 'South Equatorial W.tel' and the' plankton-rich' Benguels 

Although P :tIlUna is ftCOl'dMl. fl'otI'! along tttG \fhola of 
" .' • .,. . . . .. ,i"~··~lItteJ '." . 

the 8t1uti1ern ~'rJ.can coast. it hp an 'Isletad distribution 

along 'the WIlet coast, as hE$ cbeen pointed aut ..move. It should 

therefore not be .regsrded' os ft epecl,u!l which !Ii common· to au. 
tiu'ee of :the coaSt "uglema, 'but l:athet 88 a species ~ 'to the 

w~waters ,of the coast. Thlsi.s' further support_d ~.v the ·f'eet 
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that ,. gradation. i. esn ,along the: .outh coast. At Plettenberg 

8ey, towUds the Hstem lIm1t of .the acuth coast, P .Q!m1 

c.;IAatly autnwr.beraS,Mr&dI.pn,U.. end MuellM1AI.while in 

Felse Bal':. apedmena ·0' C:,"!!Z'!$!.JsnfA,is 8;hd~ ... lftaeJJ.gUca 

o"tnumber those O'~JREIlI" 

khetAm¥iu,YI IInftrJ.d&m!'li!.· U • cold .. ",tal' apecJ.tts, 

With its western llml t .tWal.v1a Bar (fig 2) • .Al thouv,h Lamy 

(1936) gives hUll uthtl eastern l1M1t, end 18tacb (1915) ·hU 
" , . .' . . 

'. '.. 

recorded the specie. fl'OtD Natal,' no reliance can be placed on tbne 

recorda, 14acnae Ond Kelk (195B) end 9oamrt' '(196" have never 

. recorded .C.J!!!;iiAmaJ." fttmt IMace Jel;ana, and the tJnlvuaity 

.f t,opeTown has nllver famd the apecies alive esct 0' the , 

BJ.'eede Rive tIIIOuth. JfoweveJ.'~8U.8 (1848) haa v1ven fUm 

(Brede.dorp Oiatd.ct) .S8 l,ct:al,ty,.,dI tuwefound the species 

in abundance at Pl.ettenberg nay(look~t Bellet" recks). BentBJ.'d 

(1964) suggests that Pt Alfred 1& thltGxtremtl easterly U.t1tlt. 

knOwn also from the Strait" af M~gf.l,l,lan."alklend r. 

and ,kerguelen' (BaJ'fte&:ct, ,1964).,· &!lGJmlI@ ~mS.S1! has a 

similar distdbution toC,mer¥t1mlllisa wUh awesste:l'ft limit 

at Swakopmund/welv1e Bey a;nd an caatem limit .t Pt Alf.fod "1g 2). 

The spec.ies has been reu:ordnd ·Gnce frcn Natal. (Sowat'by, 1092). 
. . , . 

but I'uia neVIn' been .'aund ~ this h9ion b» the Un1venJ.tyof' 

WhUeed!smt can be mgarcied as the typicel spedes 

("om Wan!- watuc, C,'!!§£I.s!tonaUa and A.megellan1CI ere the 



, . . 
typictd . species o~ng en tM _.~ CQIlSt •. 

HcwaV8:E:. C'flI!l'J.9l9.!l!1H. the . endemic' species 0' the 

· weat COllet, ienot confined to ttUltreglCn alana,&t_xtfmds 

eastwaJ:ds around Cope Point .no onto the .,uth coost ";.ion. 

· A.a' hos' been pointed out. abov~.. theN ie • dK~8se in ~J.'. 

flMtwiiJI.'dCfl'OfA Cape Point •. 

, " .j • 

A a1m.Uer .s.tueUon ;i$ fcundwlth A.,!WeU!!lJM. .It 
" ' 

· &a typically. weBt coast, bUt extendo onto the GOUth cont." Ita 

'pl'EllunCQ i~ the r.lkl.nc 'Ie .end:' Kerguelen, ·lend. IItJppo.l'tto 
. '. .'. . , 

• ! • • . 

, It 1. lnteresUngto. nota the .xi-stene. of· an ove.rlap 
, ' 

arll. along t1lt! regien ."f the coe" betwean' Swakopflll.Jnd ..,d 
. ,'" 

,. . 

epec1es f~tha U'opit:a1·West Afr.1ean '.peeLe.. The ovell'lep 
: ' • ':. f . 

1& shott _d coinGtdas with the ftOrthun lWt of the .Benguela 

Cu:trent. 

Japan. ManUle, New Caledonia, "pl_ca, SeyeheUetI, Zanzibar 

end Medagaacar (LfIAY. 1936', permUatos tneSouth .Af'rican coast 
< , 

regian, to •• ,. _ PtSt dahns (,..g2)., Although II single 
\ '. 

living spet£men ,h&8 been tMean at Pt Eli.zabetb. U. ie tnl1kel, 

that the species f.D:ttmds ea far south •• this. 

~ : 

Theoceu~nee ofi,bi1gcylaril on tha Mozambique end . . 
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, l\,,~\'c."$OI\' S: '.' ' ' , 

Natel CQe~ts. endos'sDS at.~8on'~ ,statement (1948) ~e1: the' 

,aunco( the: eeutci1elt is flubttopiCl!ll, and th$t 1t hes 

, , limit of the I!!aat ,CO(l9t. 

, ,rrm. two estlls~ne a~s~ •• uSi_a&! ~nd, t7¥'CUl1!B,' 

'.YVg£liltb eft 0' e_t,coBSt/~th coa$t~ WattA bi~ distributtm. 

'·'~ivugQ!u.e.teMs 'f~the tire., ,DrBk R4"ei-',ln t:h6mNth. ,to 
, .- '-- - -, '.' . . 

l.agoePt,lelele,near Iftflambane .in' ftOzambtqw~ ,.1ft the ~th. 

~'SM.";has J.t.eoU~~ft limit at MerO\en~8" Although ll.-tecl\ 

, '(1915) haa' recorded the $pec1';a ;f~am feleeSa)handthe 

Un1v"l'$lt» of' teperOWftnaW obtained At.in dredge aemples from ' 

f81u BaY,U'Mt:.pOrtat&.on 0' cthe 'Specie. from "oth"~l~aU.t.v ' , 

.eema 'thfj',;U.ke.lyexplenatltm., s~the spoc1esis estuadne erut 

has never been f'QUttd at the MuUenbe~ \flea. e8tu~ .. ' 'it ha~ been 

'. ~cnrded a&fQ noI'th 'as LGgoe' f!'tlele1th 

therefore preefti on both t~ south and '~"B.tCC8stS. ," Tftesa 

, sped.esmay be reg8J:ded astempdate fOIma tromthse'outh celliSt .. 

which extend ,onto the edt coast 1.;". ·the species ~re ~hl!ll'ed by 
. . ; 

, '. " " ' , St ... t~·"so... ,- . ; , 
b'()th coastal. J:egianb (c.,. ttte·ameas., 1949).. ' 

It Il«lUld • .,em· thel'efo:re, that,ten\pel"iitun plil~a on 
• • -, • .' I 

J.tftpartant ~t in the diQtri.butloncfth't1 South African "lVUUda, 

end cOft'ltlal'iGi:ln ,af', Table lwJ.th fi~l'fI 2 'WOUld t!lulgestth'.t 
.'. . ' . 

f.2!£Q8 has e :lowet' limiting te~atUftl 0' about laCe, whUe 



lable' it r~ma.d~\.ndapthe (metres) and temperatures (oe) at 

those depth' at which :aped",., nevebllen cbtainod by 

dredging opf!zoatlona of tho Univeni\y of Cope fown. ' 

Species 'Region Depth 'Temp COt) 

(1R8VeS> r~mt Min 

. 8O\IthcoaSt . 38 16.D lQ.2 

, .f.'5!!! ,a8!!la 'elMSSJ 44 16.0 14.1 

It •• t ca&it If~TERnJ)At om..V 

aauth cuast JNlfRTlDAl. Cit.-Y 

4sl:lSlmlta 
(al •• Bay 56 14.6 13.1. 

masmAldc4 
.Hi: cont ·62 6.9 

51."'.A. 3S 16.1 

south coast tNTERTlDAL etl.Y 

. Q!9!:,o!'nxWua 
telae Day 42 15.6 13.0 

, .teridi0!l!!6.i! 
.ilt C08Bt ' 141 8.1 8.4 

S.W .. A .. 40 13.6 

. , 
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~ . ~ 
temperature of about 2u C. The regions ·of ovedap at:elthosa 

lecaltUeawith a temperature range bet~en '13°,. end 200e. 

The tropical .pec18u, ~.l!U2£\!lft;t8. would •• aft to have al~ 

Uma.Uno d1stl'1butkmelteq,eutu.re oi about It'C.AS yet, 

. no a'Cpt'td18enta hllMf beeR .edl'd.ed ~tto dnemwthe everage 

lethal ~pe~nturea of the South African epecles. I; I • ,_ • 

Cntaln apec.J.q have been obtained dul'lnGl!u(p.rit!l8ft~ 

~ed9i.ftg·!I c:erJ.'i.ed out by t.he loolo~ Departcl8nt of the Uftlveraity 

of Cape 1~. Table 2' reprllsentG the inax~dtlpthe at which 

theao tlapec.f.t!$ ~ encountered. The .ex'~ end l'II1nf.murn 

t.e!!'lpel!'aturo at thou depth, •• alaa ehown •. but.tn aame cases, 

thetm consist 0' a 81"01e .I'MCI3I'Cli1n9 only ~ 

Two points of inteX'eSt .d.e from :thae.firatly, the 

. ahera' rtmge of the three ap@lG8 UllIOI'e extensive than previously 

. thought. Mci:oane (1958) has recorded INIxttntml <depthaofO.5 metX'eS 

(belaw the datum line) forJ?,U£!:Im. and 5.0 met.re. 'for Atlftmm1r\en&sa 

in Folee Bay. Table 2 shows that both P,aar"!! ancl"A,Io9!6ipcg 

can Uve at auch greater deptmt, einee they have been taken 8t 

44 _V8C and 62 dues reepect:i.ve1v. It wPUld appear that the . 

,dl!pth range for C.mer19i9!u!14.!. 1& even graater, as t.he species 

hot been taken at 141 metreS. 

Secondly, II mini.mult.tamperat\tre of 10.2", J,a r~d 

for P .peml. which ie weU below the "p~oposed lien1tf.n9 d111vibut-
. . 0 . 
icnal temperatura c' 13 c.. 



TheM 'eets indicatethst tIh.l1e temptlJl'atum uy be 

. itnpol"tant,' o't'he~ f'ecto~s. ouch as ttl. natun of' theoubWbatuln. 

I'ftay be equally lim1tinU en distribution. 

$t.~".f\1I0'" ' " " , 
StevemseA (1948). in his final a8.es~t of the South 

African I'egion. suggest. that tape Point rauka an 1mp~ant 

(1 teu;p~) bud .• between ".t coast.end edt/SOUth callel 
, ',- '. . . . 

. , 

, doubt, 18 caston thleataWl'nentand' the e'fecUwnella, of' 'such 

". barl'1ull '01' A.""UIm .. "d' •• "d~'C, bat" t,Ypicel1y 

~8t coBBt spec.... .tend uound cape Point, and oce~11 CWftt the 

w1'ID1e acuth cont zegicn ("g 2). 'UJ:'b:~.'U!'.t11 can and daes 

~U1YI dRB!HS'has :onl~ ~ ncru:,ded 4n SOuth· 

. West Af'i'ica, f'1tOfJ oft8 iocalJ.t,y, .ttapa ticss. which falls 

within the laUtudin.z. cu.sV&bIolUonIll balt ,of tM 'Speci" 00 tbe 
, " 

weet coast of Sovth IAlIU'1~ (SQat-R,yen.19SSt fieU$) .. 



."':" 

,25. 
" 

.. ~ . 

tle'!1~itionofthe shells" in ,the Mytilidae is vl.11'1.10 

'(Jukeo-BrWne" 19D5).. since thfJ d,yGodont t~eth Grise ,sa " ,,' , 

tumineUans of'"ttail 1nter-nalz.s.b-s.The cardinal teeth are 

emt"..llol' obsoleUi. The tnth .fttl!1Ct.1vered .by the ,pe~£oetri!lCUm 

(White. 193'7), Wh1t:k is cOI'lti.fWoust'faZ'6811N tftnft onevalVQ to . 

tho other,. end are eoarraftgq that the teeth of One velve fit 

into the Dockets tlf,tho other. 

Aeco~dino to Twel'fI8I'f .(1964)., tho hlngateeth" o~ 

dentJ.~uleUons. are ,1'iDt plWJtal stt'ticttfr_. bUt amechanlsm" 
. . . . 

which entlurft the ~U8Ct a11gnmentof thevlillves,when tho, 

shell is cpene:d OJ.'· closed. , He points Otit that thoi... functional 

mo1'phology is unknawn. titiweYe the Gtructu'ra, 01 the Hg:ton in 
• '.',', I, •• _" 

Thie appUell espeeiilly in ,nDdJ.oUform 
, . " 

specie's. end J)bthSoot-Ryen (195S)eridBarnardU964) baveuaod 

tbosechGJ:acte%& for the purposes of clQsGi.fJlcaticn. Balnard 

'. «1964) has given deScriptions end some f'J.gures fer the South 

African MytlUda8 •. butter the 81!1ku of campleteness,thay ere 

again 1'igured ftlid desc:r.lbed.ln this paper • . ''" ' 

I"these typicallymytl.Ufom ,$pf~d.e., the eUUctloire 

, , of' the hinge teeth ~e stnlplebutvad,able. In ,e.pern, and 
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}: laz,lSipn,l'... thltr. erll_ teeth .in the leftv81ve end Ohe in 

the riqht,· or .vi!.I vor .. " In C.merA.s!kJ!His, thUft 31'. cccasJ.cn-
. '. 

aUy two teeth irleach volve~ .. ' The teetha:ra le •• camplC)(.J.n 

A,lfuml1anI.SI. where I.l tooth-llk.e pl'Qjecti.M 1n the one valve 

f1t8 In_ agnay. ift the ott1e:r:. 
, t'" .. 

fh8;re 5.8 an antel'!OrlN~plecetJ· • ."tum in each of the 

valvea, ths mergiA at ~ktt ~~b. evenl~ cur~, 01' may have 
. ',' , ,. ' 

twiated. with thu lunule bentinw_da.. This ie f'urnJ.ehed with 

8 numbat' of radi.ting f'Ul'rCwa, 'orm~gthe. teeth. . The numbeJi 

The entezSol' region of the shill is e~panded1n f~t 

of the umbo, but . .is. wlthDut' teeth. there .18 .. aUght denticulate 

The: .,te.ti.ol'· It'Iugin Df the .hell i.e e.p~ed in front . 

. Gt the umbo and po." •• " teeth. 8arnat.'d .(1964) states that 

the· nudnm varles '%Om 6 to 8, . but spec.f.wtfms·have balm ex';'Md 

In which·the number te12. Same of the teeth are lorger then 



• > 

othus, but tMre ie no def'~tte plan to thie. . Th~teflth in 
~ I .,. 

~ one valw fit ~.,to the depressions betwsan the teeth·in 
, ' ~' '. . 

, ,. .' 

Tho i'lJlPl:888iclra, or 8C"., an the innel' .urf$:fJ'G tif' the 

shell valves 'Me caused by the itlsartJ.ona of the adductQJt, pedal 

retractor and byGaus .J.'e,trctot- _oelea.· In theae .ntgions, the 

exteznal ep1.thela-Umot th~' ment1e . ,,"d8%'god . differentiation 
. , . . 

(franc, i960), to bl:'Jng ebcut attedlrlent b,v ttMt eec:etion of 
. . . 

~.,.'U'GCUID and by the apaeiaUSGtiM of epi.thGlialf!bZ' •• , 

which fom linking tu~e betWeen.the alsculer ,!bUs end the 

hypcatrecum (arnek,' 1$11~). 

In ~ apec1ea,. th$ impres8iona era smooth' endcen 

, ·tJnly be recognu-d b)i e' difference i.n CG1CUZ',. but in otheH, 

the impru!I.iona became pitted aneS Cnt.ul~t.f \DO th.t'the", 

sutteee taJCtur. u mat~dly different froM the ftlIt of tha 

inner sul"f'ace of' the velve.. The' $CUB UDUII14' occur so .1i.gMI 

'dftptenlona, ;in the valves •. due to· the abaence of a. n8CZ'80"S 

1&ye1' in thoae oreas,· but in 80M spec.f.ea, notebly ;J,taUgr;!4f!E£.I • 

t~c shell 18 thideR Md ~what elevated in t:hel scar rttg1Qna. 

Al though thia .i8 otated 8S probob1y betng present .in 
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The lott shell valVE} ~~'&t!!!!jSidipQ.'8 (upper} tmdP,;psp.!QA (lower) 

, ahaw!nQt~e poatUcn.aof ',the muscle,1mp:re •• lo".·~ 

res. d.d. -' resll1&1' r1c:tga,Ug :... ~119_ntl pal. Si!h .;.. pallial 

'ainus; pal. In .... paUla! Une, ·e. tiNS,' 'ret .... anterior b,YBsua· 

J.'etractOJ."mtlscla impression, d. byo.ret ...... donal byest.1S· 

,l'6t:tactor tl'Kl8Cl. impression;., p" bya • .ret •. - pO.ted.o%' b~HU8 

I,·' 



res. rid. 
p.bys.ret. 

a.bys.ret. 

li9~.).} 
~==== .......... ==: ...... ===.:.: •. = ... ========-~ 

or. con. ... --

d.bys.ret. p.bys.ret. 

res. rid. 

~~I.....------ pa 

lig-----~ 

pal.sin. 
a.bys.ret. 

pal. In. 



" 

'themU9cle imPrtlS8ionO, artd the positiDn Cfr, ,tho ontarioI' adductor 

,seQI', pr"e.nt "'juvemile apeetmena. 
, ,'. I' • : 

1ig. - li9sment; ree. rid • .;,. zulUsl :d.dge, pal,. In .... pallial 

a. t"ys. ret. 

d. bys,. rat .. - dar.oJ.. 'byssua rotroctol' muscle &ip.t68Sion, 

p. b,ya. ret. 
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rna ,left eheU v4,,:a ofS.hMagtlgA! (upper) arid S;,1sm!M8 (lower) 

ahcwing thD position of tho ~uacle imp~8aionD. 

,1.ig ... ligament; 6,ept,. - aaptum, pt4. ~ln_ ,;.. P.UJ.~ slnuat 

pel. In~ - pelltal l.tner ' • e- anterio!!' adductor; ,P', ... 

,poateriQred~cto~J .~ by.;. ret ... anterior bYG&u., .ra~actor 

1llUBclo $.mprees1ctt: ".bye. rot.' ... pOster1cr by.sus retracta1' 

~Bc18~r.anion* 

" 

'. 



... ... 
Q> Q> .. .. ~ 

III ~ III "iii .E 
>t >t 

.Q ftS ftS 
.Q ftS ftS iU 

c. Q. C. C. Q. C. C. 

, r 



- ' 

fJ~ . .l 

The left cheU valva, e,f~~s~.ln9 the positions of the 

",~cl.e imp~sss.on& .. 

pal.. &1n .... pallial sinue; pal. In.-pallial line; , 

.a. bye. ret .... anterior by8StJ$ ~um:tor fllUScl..e itr.pressicn: 

p .. bys. 1:0' .. - poa~do:lt, byoGue !:auctcr muscle imprellslDn" 

.' 
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Thtt left· shell valve 0' t1,vAA&Y4 .. , showing thee' ptlslUDne Df the 

muscle .impreard,one. 

, ;., 

u .... tmlboJ pal. In.' 'pallial lina; pal; sin .... 'paUial sinus; 
.' '. 

e Q ... anterior adductotJ p e - posterior ~ckructcJ:r d •. by •• %'et • 

.. donel bY~U8 Z'etraetcr fnUsd.e 1mpreoaton. p. byn.ret. ..... 

posterior byssus r:atrectOi: fCUSCleitnpreBsion. . ~, .. ~'- , 
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The seel' Ie 'found 1n Juvenile apecbtmsot A.magollgnissh 

where itoccyra aID MeVA RtfI' at thti anteriOr ventral ma;l'gtn 

of the shall. 3ltltt ,behindtha tfmIitua11JlllbO.lts longest 
, .. 

f,Dtlals entero-poatar.io»11 di.rected. Tna anteriOr adductor 

(ftt.l8cla impreosion .i. ab&ent in all adu1t ,specimena. 

A ai-milftl' .po&1tion for tho', enterloroddw::tol' I!JCar 

occurs ift S.gl!l!!S!8. Tho scat' is sitUated at the anterw 

ventral margin of'the ahell valve., but 1t is 1tlO%t! cil'culu 

the acerin thoae tWo apecUe 1s situated 1n 'zont . . . , . '.'. " 

of the aubtel'minal. Ullbo, about midway bet.en tho umbo end the 

ventral margin Lnj,.EastlUl, hu't neaftl' the ventral margin in 

!,vkgUioe. ,These." iaovsl 1nahepo. with its vnateat axis 

in en a1mg8tdol'ao-v~t.h11d.trll!let1on. 



29 

shell v81viJ in §tbi1oculoUp. fo~ the muscle is reduced (Pelaenui-, 

1911) and doeanrat insert en the eheli itself. It inserta on . 

the anteri~l'l;y ,pla~d deck or septum. The sept1.tm is .~.~ unlike 

the t~ick elevated ~duetor Bcar ~t Hownwft (~t..ftyen, 1955). 

Spedmens occur 1.n which the ilIe%'gl.nof'the septum ie evenly 

curved, others in whieh there i9 e ~light notch (bel'nard. 1964) • 

. In tM cpeclf!$ with it subterminal uTlibo (b.eDOOQ8j.-

and M,v£1'gi,lee), thrt anterior byasusretroctor muscle itilpreaslon 

ie situatodat the apex of the 1.Imbo. The scar ia circular in 
, . 

«thape. .In Bpede&wlth 0 teJ:Di1nal Ulftbo, the sca% 19 al.eye found 

'lhe 1ICIpl'osaion :i.. 'ovalsrtd occurs at the aide ·of th._ 

ligament. at a point ebout twD-fi,tha. to ens-thud the length of 

the ligament from itD anterior end. The distance of the sear . 

'l'CM the llgament i8 about equel to the ohorteat exle 0'1 the setsI' 

i.e. ita ~.i.dtb. although the dist$1ce m8y often bo less. than' 

thls.The. iq:aasaicn tsoval.(longtntw1dth - 211), but in .. 

StmI$) epecimeno it maybo eltlltJst circular (lengthlwldth -1.5,1). 

P .paroo (fig 4) 

The ,shape of tho 1mpJ:'fl'8bian in juVenile specimens of 



e.s@!f.!l!! 18 the 8..., Q$ 1n C1mer4trJion,U!, but in larger spec1Da"a,' 
Uftt.\ ' 

'tho .car tenda to become ,nIOn elongete. ~ ~ the length,width 

2:"t$.o is about 3:1. The scar 18 WJrQ antedorly plac:edthan tn 
'ff 

, Ctm~l'UJi9!l!&H. fJecw.iJ.ng at EI point one-fifth to cnfl.thlrd the 
" '". , 

, " 

thO ecar 'rom the ',ligament 1eneve~ fflDrf!' then ," the width of' the 

!Scar. but it may be 111.8. 

The ae~ in !d!Uplleia 18 V8~ elongate U.",ttuwidth 

- .al), andth. searle a1tuHtilfi .t .paA.nt about ons-fi.fth the" 

length ot the U"g81Mlnt fl'Ol1i ita anter£or end. . Its diatance 

fl'Cm the llQlllllt'mt 1 •. the __ _ .in P.StlEM .. 

In this spec.twa. the acid' U 'unique, fol' 'i.tcona£8ta 

o'f twa sap_rate ~ctlh eitueted b8h1nd . tnu t.m\bo at .. point aboUt 

cne-quertel' ihit left9th 0' the l.1o .. n,,'1'CI1Ii £t8 enterim:.nd .. 

Both .cue ertJ elongate ovGl; anterior seer lllrigth:w1dth- 3,1, 

post.ricr tiC_ length:wtdth ... 2f1. The dt_lance of _ enu.riiJZ' 
. .'. 

8car frail 'the 11gfl1ll8ftt.ls aUghtly 01'8.":&1' than the wl.dth ,of the 

scar. but the distance of the poete~ Kia' ill" eq.ull tQJ OJ: 

I'II .. t .. f 
"The eha.pe of the 8CIIr i_ .J:fdJ.~ to ~ ,~. £R. 



occUrs about tuLi,' the length ",1' tho ligament tram Lts anterior 

, end; Drelightly J.eae~' It. distance 'rom tho lig_t is 

equal: to its lIItdth; 

, 'The imp'tl!u!sian was noted by k:tauall (1848)', 'Who tolled. 
, ' it 

to find the auoclatedhlUlu:le in pre&et'Ved epec.i.lllens,but wt:Iisllt 

,has bean sub&equently :rDtoved by Swart, (1926) to be the' aree of 

!nt!lGtion ~t the oral contractor muscD" The ~~lJ4sicn i8 

lonlylpreuemt',1n '.maDellalde end '\t nbt MntSon" ,in Soot..' 
, ' 

Ryen· e (1952) GlJIscd.p\i.c:lft for tho genua £bSUiDll~SJ.!"lh It may 

therefore bea specific charactt.tr fCl~C,!!!!ir!!s.a.tl"elone. 

, , Howt!ver~ Saot-Ryon (1955) has .~ that two sOUth 

, Rmerlcan genet. ~$V.a amaU scar, 6imUa1'ly plecedbetWf!fm 

tM anteritt%' addUctm: end the ' .. terior byaws reu~tor tllUecle 

1mp~9D1orta. fhe8egenere fire ."111 Soot-oRyen 1955 (see 

'5not ... flyen. 1955' ,_ figs 35, 36,31) and!ra$la (Jotdsseeume) 

Lamy,1919 (IiH'Scot-Ryen, 1955 * fiG 46). Aceording to 
._Il 

Saat-Ryan (1955), tMnte,Sc:tl1'8 .e dcd.ved1ntwo dttfereht waye. 

, TNt scar in Au;u!;tull .f.a caused by e small ventral branch, of 

the antuior ,bysirus retl'actor musele, while thaSc;8l' ,in !;1$llo 

(p .. 'S2) -SHmS' to ~_mede bya thiekening of' tl,e mantle and 

rir:Jt by II branch of the ,1'lntGrlc~ rotreetor.'.n 
, -
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byuus rstr.::tar muscle. The 01'al contr8C~ rauacl. ecu J.a 

aitu.tad 1101'8 anted.o:J..y than the .,tell:.I.or bpsua retrllCW 8CU', 

about half....,y between that Kill' and the ventral .. gin. It. 

diat.nce f1'Gll the l1Qaaant .I.e about twice the d.I._tu 0' the 

8CU' and 80 J.a further fl'Dll it ttwt the 8C.G' of the antu.l.or 

Except in &.WgsulE", the impnaat.on has • UmUar 

a.itu.tiDn in all the apeciea examined. It is the lllZ'geat ..,d 

8hape, fl'l'lll cUcular to oval, the longe.t ax.I.a of the oval scar 

beJ.no &ected towardIt the umbo. The 8Ca1' is e.l.tu.ted appealt. 

the .idpo1nt of the pcatuioll: bcadez' of the valve, ~ 8110htlN 

1101'8 donally (fip 4, S, 6, 7, B), with it. outer edge concurnnt 

.1nua, ~ the a1nua le pnaant. 

In S.t!Agp4e!J.a (flg 6), tha pcater.l.or .dduc~ lIUICle 

IICU 18 aituated in • a.lad.1u paait1on, at the poataJ:o-c:lonal 

ng.t.an 0' the 8ha11 valva, but the cUcu1ar acu is e1cngated on 

ita ente1'O-donal alde. Th1e parUan 0' the acu .u.n d.l.nctl,v 

IIbove the poatar101' b~ ntractal' 8Ca1', ambrac1ng it 1IIbova, but 
• 

the diatinction between ~ twa 8CC'II can be ellS11y .... ThJ.a 

antul.oJ.'ly d1ncting parUanof the aCu .rune IIbout hal' the 

length of the byeaue retractol: 1IC81'. 
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.. The. pClsted.or byOSUfS reuactat' muscle impl'elltd.on' is 

situated antel'i01:1~ to the poeteriot adductor .cu~ with which 

.it is confluent. _ The shope of' this u.prea.1iIn"arJ.tls from 

circul~ .to oval. tdth its longest aXieparalle1 to tliti ventcal 

pallial line. The doHal" by8Bua ~~m:toZ' scal' occua1n a 

Una opposite the posterior end ,of'" .tho 1,tg8ll'ldhtend·' pard1el 

to the doZ'8al edge ot the .heU. ~hlS' .cat :La t.t8t.U!l1y 
'. 

continuOu8 with. end .nat'~y connected'to tho' tIf, the posterior 

bYG8uS zetractoi' (fig 4). ioJa& .Op1!cl.1nens. have tWo completely 

8spuZ'ateacare... The pedal. %et1'actor~1i nat :leave e 6epBet~ 

·.cer. 

PeRgma . (fig 4) 

the posted.or retractor, seer 1s' confluent wi;th. and 

sUuated anter1o.rly to. the, posteriotadductar Be .. ,at ita 

antero-doraal end. The Ctorsdl. by81!1US ,l'etZ'ac~r seal' i. 

situated t.n • line opposite thit posterior end of the ligament. 

UnlikeCtmB.l"di~, "the dOJ.'sa1and pc:iets.rltlr bpGu$ retractor 

scars are 8lways well separated. f-rom, each other .• 

The pcs.tel'io.r bysaus retrQC~ scat: 19 si.tuated onter.iorl~ 

to, bu\ i-s not LlClUaUy confluent· w1th. the pootnri.o.t' adductor 
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,88. in StUl'!dk!nali&. of. which' the large.t is the l'IIOatant.erior. 

The number of tcue variee up to ftva seperata aCS1'G, but there 
, 

ue nsvlU' 'leas then two. In this case, the t_ scara ," quite 

The daft81 and poatu1o:r J:.uactormuscle f~taJ • 

single conUnutsus, leU' in S.,Q!19'!i!!lm,. Thi .CN: 18· well 

davolepeit and .rune from the groove .in the postedor ,adductor 

scu(cauaed by thl! fOJ:W8l'dpftJJacti.on ottha't .carl. p~.11a1 

to thedoHe1urgin tit the .hell end in· ~ Une opposite 'the 

post.edcr .nd Dr thl 11,g8llO"'. The 8C8 can be ealny 

"diotlnguUhed hom the .-tteriod,y t'SU'ecis.ng ponion of' the 

pe8tuioradductol' acar. by • difference 1n ahell texturel ,The· 
, , ' 

,PQeted.or edducts sear .,elDS to hava '. more crpen $ystnt of 

folds and Cl'enulat1one, end the" 18 a nauow nacl'tIWII anel' 

leek ttf secretion 'of • nee1'8Ous,.layer, but'in the le:r~ 

.pec1mens lJbta1ned '1'_ Santa CtU'OU.ne Island, Mozanbique, the 

poetedot' J:euaetor scar 1s elevated above the lavel of' the 

sheU valve, due to • thickening of the ahell ,in this ~i.on .. 

Confuaion ax1s~. 1nBaZ'fIBI'dt G (1,964) figura 8a. '. g. 

F'U&tl.y his nOlDlmclatu~efor tho lftUeculotura. J.. Db.olete; 1\18 
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anterior pedal rDUactol' (a.r.p.) should rand anterior byswa 

1:he pedal retractor, end .his MWtol' by •• uG ratractor 

. cor.r8eponda to a ReA~.ieten' -eRG 8.-parst;e dc:!rael by •• us 
... \,c\ i~ .. ot l'e,e .. \ ,1\ I.. '4c.,,~\a. 

ret~ftctorIrlUSC1. 1mpreaeioni hccndly, he aut •• th.t the. 

SCd in L,cG!!l!U 1s continUDus w1ththe poatarior adductor, 

yet hie dl'dwinga of·ths MUsculature (f1g Of, g) show that theft 

are well 8ep~.ted doralll end pdat.Z'iot' bysaus retr.:io:r mUsel ••• 

Bseaust!l o( the natuD of' his muscle p.l'.p., it ia suapected that 

the ('gum 8' and 80 an theaG otft,viSlili!! «8ee sect10n on 

Musculatul'e) • 

Th. scar ot the don.upost.l'lot' bYssua ret:rsctor tlU8cl~ • 

.is cont1.ntJm!s with that ,of the pO$wd,ar adduCtor. It rUns 

fDrward$. parallel with the dOl'8al: Matoin a' the shell, to. 

abcut the paete:r:i.01' two-thirds 01 the hinge. HeJ:'e it narrows. 

The single scar doe. not h.we .. regular autUne, but ia expendad 
, . 

i.nseveral region. along its length (uSiiJally 3 .0J: more), madting 

t.he i.nsertions of the 1ftajor branches ot the IllI1Jsc1ea. 

M,virg!l'" ('iO 8) 

Thepostex-ior byi!8U8 retractor sear (correapond.tng 

to eernft%'d t • (1964)p.ret.by. 1n fiQ ad) is ccmUnuoue with 

th.t of tNt poster.1or adductor, anduaua1ly canaisb of 2 Bcar. 

situated close .g~lnnt the posterior edductor ae.r. The dorsal 

ret.rectol' Bcar (Barnard-., p.ntr.ped.tn fig 8d) i. Situated 

enteri(Jrly to the poet. dol:' retractor 8CaJ'e,· but dose f'Ot extond 
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f'0ZWU'9 under the 1iO..."t. Comp81'atbely t "t 'a .omewhat 

i.gu thllft the othft retl'acto:l' tcar. .nd ia 8CIIMItJ.me. seen to 

be divided Into t.., up_ate ecal'e. 

S,tlqpsul (fig 6) 

, The pea_tor reullC_ IlUSCle .impna81on 'e continuous 

with the J?08~.f.or adductor eGN'. The Gcar ruM antftiorlN and 

pN'aUel to the danal Iftlll'gl~t •• f.,r .. end below the hind end 

0' ~he l1g..-nt. The enwlor Oftaeo.thtrd of' the .. 1. expmdltd 

and 1. aboUt onetnd,. hal' timn wld!Jr then the r .. t of tt. -=ere 

The nature and extent of the pallilll U..,. an man 

01' 1 ••• the ... J.n all the speelea ex.dned. In '.fP!Adl.qnalh, 

alight depn •• ton in the U.ntI under the pootU'lor IIdductor 

adlCle .c .. , t .... pallial .irnMl. The elnu8 1. well davalaped 

in C.w4dion"'''. l..ssnAA,' S.a1Ap!UI and !,vi£gUi. but 18 

auller J.n P.pernl. It 1a abeent in 6.m_~Ian1s' and S.gUgculI!'4s. 

The pallilll 14ne eMtenda from the depl'en1on undert .... 

hinge te.th (or the gI'OOVe in the valve at ihl_ point), along 

the ventral, poster.tol' lind pmstal'o-donal noione of' the eheU, 

te tenalnate at tM posterior adductor acc. In acme apecJ.ea, 

the palU,tl l.ine .t.a contJ.nued doHal~ .,d terminate, at a point 
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llbeut __ f'if'th to f'cur-f'if'tha thtI length 0' the llg~t f'..,. 

ita poatulor end. Along tt. poatuo-donal end paatft~ ec:IiU. 

the pa11le1 Mal'gln ... IIbout twice the width of' the IMI'gJ.n on the 

ventr.l edp. 

D. "",wlIMe 

The IlUKle. In a.ch of' the genua ...... etud.lltd, with 

the exception 01 tM pallJ.e1 ... lCl,a. and the ..,tuior and 

poIltarlor edductDr .-cl ••• 

The ... cl .. 0' the _.ntle adge. or pallial .ueel... an 

elaUe in 1111 8p8C1" of the MytWd.e (SlbeUR. 1877f u..t, 

1902). The _ala bend conaieta of' ..u. white 'ibHfl, .... lch 

.imlert on the ... 11 at the pll1Ua1 11 .... , and zun into the free 

a. of the _antla. The f'ibzu ay be ~11 ellpllZ'lItiId fa. ana 

enotheZ' (field, 1922) D% ~ ...... tc.oM (541b.U.r, 1817). T .. y 

run fHll'pandJ.cu1U'ly to the edge Of the .hell, except in the region 

due.l and ..,tad_ to the poatarior tlClductoJ' (White, 1937) and 

to the an'bl:d.ol' adductor (Pal....-.eu, 1911), tllhere they alepe 

obliquely to the outar edge of the .... U.. Tt. -...cl- .. ~1l 

developed in t .... poatarior HOion, .... ra t .... unUe f'old :i.e 

thicker (f.lald, 1922). Hue tNt ...,acl.. f.!bftlt %Un :into the 

enal elphan. Slibetier (1877) holtt. thIIt t .... 'ibrae _e 

aquivalM'lt to tha .iphanal ... cl.e 0' af.phen.at .. . 
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The pallial MUacl.a ara innervated by twa paira of 

pallial narve., of which the antarior pair originata at tha 

{ 

c.ra~l ganglia, whila the posterior pair originate at tha 

viacaral gan~i..Tha pallial narva. Meet in tha mantla adga, 

• 
faraing a narva ring between the cereq;l and viacaral ganglia. 

The pallial nerva. give off final' branchee to the .. aculer fibra. 

along their coursa. 

The anterior .-.d po.terior adductor _ael •• ara 

inserted on thtl shell valve. in the ara .. of their rupective 

scar., and run tran.veraally bet.an the two sheU valva.. In 

SaM epaci •• , the anterior adductor i8 naller than tha posterior 

adductor (hatarOll!Yarian condition). whila in othera the anterior 

adductor ia ab ..... t (1IOfttayarian condition). Aa haa bun .hown 

whila adul ta ara typically ~arian. Tha posterior .dductor 

is .ora er 1.s. ·cylindrical in shape and con.i.ts of n .... rou. 

bundl.. of the .,terier portion of the poaterior .dductor ara 

longer than tho •• of the pa.tariar portion •. 

S.bilgcularia ia unu.ual in that the anterior adductor 

i8 reduced and in.art. on tha nptUlfl of each .hdl valva rathar 

th." on tha ahall itaalf. Also, the postarior adductor surround. 

the poaterior retractore af tha by •• ua from behind, eo that a 
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snelf a' muscle i.s fermed above the reUactol'e (Pelaneel', 1911 I 

, .. , 6, pl. VI). This condition 18 el$o~ound in !!e&eagr1nO, 

"all!u8 "end J5QOQIDW! (Pelaenw,1911). 

List (1902lhas·neted.tttat '0 scme MYtWds. the 

pt:3aterJ.or ad~tot' $aiIaS to be cOilpoaed of two, diffehntl:1 

colouted flbres.. ,This $.ep8I't.tc:uledy noticeable !.n !isI!UpqvlEu,,. 

Bowctan (1951:" has nvie.,iKI the hf.etolog.ical work an muscle 

otJ\ICture, and it SIe!d thet the tt1atological ,division is 

ctn'related with a f'unc::t1onu one (Hoyle, 1964). 

Cantractionof h adductor1RUsc1 .. clos •• thlr SMUt 

and J.t hliS been established (Dall, ie09, rrUllll~n. 1964} that 

e tonaiOn Is produced in the' U.gament... Thla' tension opema the 

valvea, When' tti& adductor. rela)(. However, . it .would 8tIle* that 

theechMl_ 1. tleft ~le)C ::1n ~ dirt.rent ganeu:e (lru_an, 

1953, 1954; Chapman &. N'eweU. 1956" Yonge, 1955, 1958). 

BeCause of the natu1'8 of the III'IUll~atu" !nthe Proto­

branchia (DrUck, 1'14) ,several wo.tkua heva conf'uIiI8t(the 

notIIencletu.re of the. .ttttractor mus.cl_e1n tile Myt1U,da* (Sabatler. 

IB17: Winton, 1937, Dttmard. 196'). For example. IJarn.rd (1964) 

,. ti.gUhls ftanter.ibl: ."dpoe:tedor. foot retracton1t in Iracfl,\Sln.\!. 

y;au"tb-iie. M.v4r.gUi.e end ",s8um-'- (figs a., d, e, f, g). yet 

Palaen •• .l' (1911) he. pointed, aut ,that 'in heteramyclena 

(MyUU,datt) and 80lN1'ftlOf1QQYal'1en •• ' thaanur1o%' foot ra~ractor 

mu'se1e,s, present in ~tobrMeh. disappe.ra, and the: posterIOr 
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faot I'etraetOr bo=mes mDrt ~ditilN placed. . It i& then kncnm 

1115 . th.foot '~:r ~d&l retrt'ICio1". Purdie' (lSBlJ and 'not Fletcher . 

(van NLetJ_nhOven, 1941). \PIsa the first to '~ecognbo the differance 

between the pedal fDU8cu1ature at'Idtheby.sa1l1usculatu%'~.. . Thi • 

. . hes' been confiriled by li.t. (1902), and White (1937) hu pointed 

. out (p.l1) t.hatttthe ptIIdalend bpaal muscles ~e comp1ft~ly , 

"separate f.&"Clft'leech ot.her· and after ftMaVal of' the connective 

tiuue, it 'is Jlossibla. to ntIOVO the footont.tl'e without 

.... dbturb1ng the. bYRSU •• " 

A ganerel scheM f~ the. ~o.ition and azientat1onof 

• the byesat lAUac;l.. '15 given below' .fwr Purdie t.l8~1). 

the ~sclG' of the by.sLls (all tenD"'" ,as retractor.)· . 
. . ' . q' ~,~e.... I"dc~et\~''''\ t.. of . IhC~,U"C.t~5 -.I ';'f tW of . "' ... 

fOhl. :ttul~Emd~ Nlaller&yste!'l e ~'~,~. ~'lfES . 
. toot 'fo~e... (fool' y.tY<'lC.~5) ...'. .,., 

(addt>tetGiI's} ..ami te ~ &f ~ ~ pH?!' (f'eetlleueet_e). 

f:ti~~~~ the addueton, the bys(MIsretrctol's maklt up the~' 
btll.fc o:f thtr .intemal ..... cu1etuh. TheN .~on8i.'tc of thr... PCl.uSU 

(e) tbe anteJ:101''. by8!!Us ".euactor .1IUSCl. ••• whicb odginate 

at the byssua end 'pasa 'fofttardabe'btaan the foot bt.ract.ara. 

diverging .9 theN do so. to inSllrt en 'the e.hdl .tthaU 
. , 

'(b) the dorUl Z'etl'actors (5w82;t, 1926).' or middle l'etraeton 

. (Purdie, lea7). which originate etth. byiutua 'and run ' 
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(c) the posterior b,vasua retractOr mu.ct.a, which l"un f'1'rist 

the by.aue In .po.t.r~dorsal direction to tn~.rt on ths 

shell at their' appropd.ate Gcars .. 

The hyesus .i.e thpoefote situated at the :a~x 'ofthm 

'muoculer V'Sf t:tw ... tutor V (anterior byuwue retractors) 1. 

"fuu:ly horizontal, the 'donal V (dorsel. bye.WI retJ:'actora)' is 

., fteerly uprightl and thD poaterloX" V (postar1or bySW8 l:otl'sctonJ 

reata, an the poot8.r10r addu.ctcrlMJscl.e. 

$" .. " . musc18a cannot be dirat:.1nguished 11'011 on. another, end 1n ~. 

eU.f, I have cMlllad all tho MUscleathopastod.or by8.us ~trllCtoJl! 

eusc;lea. There are thenf'ore :two OftIupa. 

(a) with .~.te dot.oJ. and posterior byollus retl'AetaJ.> muSCleeu 

etS-maS!. !!,YUDUw end in OOM epec.tAlans of' A'H9!&lmka 

end ',meddign!J.'a. 

(b) without. sap.r.~. da.tul byS$uS retractor musclell .. sP!t!!., ••. 

. "NQ9.!!Js, ;;.bj).AEMll!iJ Md usuaUy &da_AlDie. and 

ttE&s!ionaU.a, 

rha tmtar.i.cJ.' byaaua retraetol= ·lftuscle. (t!.gtrE$QE 

bdsi •• .!Otsr.lg£ 0' Uet (1902) ).consist of' • P • .i.z. of my.clas 

. which o:iginete on ttm ante.dor and outer J..terN odqas of 



bye.thd$ ... byoaus threads, by •• l~ .... ~yDBU. 11!1'll1" 8; , . 

6~ b~s. :ret .. - ante~tor b~HUB .t'8trector muscle, d. b'y"~ ret • 

.... dorsal bNBeuB ".tractor mu8C~J p. bye. ze~ .. poateS'UJ;t 

byasus retractor' 1'I'IU8t:1e. 
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The od.entation of the ,bye.us 'etld"podOl ",uaeuletU,re ~f,Ptp\9;nft 

frOr.J ~hfl left. e.1(18. 

ft. - "aot, pall. In.;.,. pallJ.&ll1ne; pall. mar.- peUiel 

, . margin.; p. add .. m .... poate.t.iGr adductor, teUoc1f1; .ft.' ret. m • 

.. foot .1'Otxac~ muec1e,a.bys. ret. m. - entar10r bys8ue 
. .' -

ret:ractor 1I\Uscl1!lJ ,d .• bys.ret.· m. -' dorsal bYS.8U8 ntraCtor 

musCle; p., bye. ret.m.· ... pbstertorbysaus retractor muscle. 
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ft. ret. m. 

a. bys. ret. m. 

pall. tn. 

ft, cut muscles of tt. vatve 
I 2·0cms 
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th.byssua orgen. and tftiieh overley tM points of' origin of' 

the dGH81 Bnd~atalc't byaGua zetr:aetor muecl'Os (fig 9). 

Thepmed enteriol'ntrectot's leave their cn:"igi". pass 

between the foot~tl'ectors end run in an entel'~rd 
, , 

, di!i'ecUon, aep.atiAg ,_.they do sa, to tnael't an 'the shell 

at ,the region of th.~entl!!t1o.t' byss'US'rauactcu' rm.tSCl.e, aces. 
. ~ . . 

At a point just _todor"'tg "the' cereb@1 ganglta, and more 

da:.:aal; 1», them, the 'l'IIWS4ee ,paso 'tN:ough the mantln to 'their 

poln'. a'1nsa'1d.on~ 1'h& mulcleS' erG .hite in colour: and 

8liptkel in c~e-esctlDrt. thoir GteatHt. meta brdng in e 

dorGOlooYent&'ft1 plana. 

, , 

liU ,dow' b)fSSUe l£eJ:£!iS.tQi:' mg9 ClY' (. flglD) 

Although the dothl,bpliJS l'etracto:t'"l'IJUOclq arise 

in close conjunction with'the post~:t1or byeeas ~tractore. 

, their pOints of or.tgbt may bei u.,nto .11.£11 aft "the' ~8&l. ad .• ' 

of 'the :~'BSU. ()'rgBn, between :thl! PGint~ ofar.tgin 0' the 

~te:ti.oJ:' ,=:ett$Ctors end the.: poatfl:1'lor tl!ttZ"actoX'8(r,ig :9). 

Thumaacle con!!listBof a 8in91e ftla.i.nbundla, ,w1\1c" ie dono-

, ve"tr&Uy flattmed. It l'Unfl fr_ the bNSsura in a a~ht4t 

paatoro-dorsal d£rect1on dr, eaeh side. and tnseria at the 

dDrsal bya8Us t:euactor muscle tmprlJsaiOfi. At·their poi.nte 
. . . , . 

,of' inae!'tlon. the darsal rstrectvu ore circular 1 ... ,ci'Os .... 

8fJ1:t:lon. rho general fihape of tho dorsel byt,;au8:1:'lItrae"tar 

, ,muscle Cm"I be deplctCldas' aft inverted CQn8. the 'epax 0' which 

1e dil'ec'ed on/to t~ by8SUB appa:tatue. 
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(iii) postpripr byssy. retractor MUscle. (fig 10) 

The paired posterior by .. us retractor .. scles d'ft 

somewhet darea-ventrally flattened, and have their origin at the 

posterior end po.term-dorsel region of the byssus epparatue 

(fig 9). Th.ir arigin 1. -ore •• dial to the overlaying darea! 

and anterior by •• ua retractor.. Th. po.terior r.tractor. 

paIS backwards '" • po.tua-dor.al direction IIrtd in.ert on 

the .hell at a point adjacM'lt and anterior to the po.td'tor 

adductor MUacle. Th8 ... cl. ari... a. a .ingle MUacle ••••• 

al though aeparate auacle bundles CIIn b. dist1nguilhed near the 

in.ert1on. The nu.ber of mu.cle bundle. vari.e in different 

spact .. ns. but It is ueually eimllar on both eidaa of the 

.... 1.al. 

C,meridionaU.. (fig ll) 

(i) mteriar bYssu. Eatractor !IU'e1" (fig 11) 

The paired IIrtterlor: byssu. retractor MU.cle. have 

.iflllar origin. and run in a .i.Uar direction a. in P .perna. 

They insert on the ahell about one-third the length of the 

1io .. nt fZ'Cftl i te anterior and. The lftUsclea are cylindriclll 

in shape, with their" greateat axi. in a darao-ventrlll direction. 

eli) fIogy. bv.'Ys retr:l9$or .scle. (flg 11) 

Dor.al bys.u. retractors are usually not dietingui.h~la, 



The O1'ifmtaUon of trnJ bysSueeftd p;!del~culatta~ of .' 

. t:::1!5Uf.w1a1,.. as' ·cun' '''Ql'atbe left stc:le. 

·"t~...;. toot, peU., in. - peW~ line_paU •. Ma1:'. ~. palU.e1 

. msgin; p,;;add.m ..... pcstertOl" EiddUc_ muscle; ft .. ret. m •. 

. • foOt .l'aUactol' Yhuecle; a ..... b¥e~· J.'at. m ..... ,antel'lol'byseul . 

retractor mUscle; Ihby,., t.'8t;~ m. ;"'PCl8te.r:ioJ:' bY9sua . 
, " , • '-"c 

"i; 
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. The o~i.ntetion of the bys$ua and pedal muscul~tur.af 
" . . . . 

ft.· .. foot; . bya. thds .• -. by •• us threadslpall.1n ..... 

p.1Uel line, 'pal:l. &1" ... -palU.el ainu.; pell. ~., ... -

. priUiel marginl .- p. add. M.' - postel'.to~ '.dductor muscle, 
- - . 

ft., ret. Ii. - fOot rotradtor mr.isde~ a. by.. ret. m. -
- -

ant.riO%' byssus 'retractor 'i'tluecla; ,p.. b,~s. "et.m ... ptlstuior 

b'y~8U. retractormuaele. 
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p. bys. ret. m. 

--~~--'--- ;//- .'" 

p.add.m. 

pall. mar. 
-I 

pall. In', -- ft. 

thds. 
, 

cut muscles 

I 2'Ocms J 
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_ f.Jg~ .. 1.3.. 

dorsal 'foct reU'octcr InUscle; VBn. rt .. .ret. ", ..... wntral 
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ins. ft. ret. m. 

ins. p. bys. ret. m. 

byS. ret.m. 

a. bys. ret. m. 

gonad 

ft. 

L 1:.0 ems J 

bys. lam. 
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Met the .uael, bundlee eilllpl~ run , .... thau origin et ttMI 

by..... to ina.rt an the ehell .t e ec.u, which 1e continuoue 

TN poewlor b~uu. nU'ector -...ele. con.1at of 

• aingla ... cl. bundle on • .eh aide. t .... u origin .uf . . 

inautlan 1a .iIdl .... to e.Q!ml. The -...cl_ .. a _tID­
vantl'llly flattened. 

TN anterior bye..... J:'8tractol' 1IWIC1_ run .. in ,e,P!IO" 

but theu inHHion en the vlllva clf.ffan in being 'lll!Clr1 

fOhardly placed than in P.filFDl. The ..... cl. origin.tea •• 

• loap on the l.tHal .,d poatarior 8Ur'RU 0' the b)'ll ..... 

applII'ltua (f'g 12' .,d runs .,t,rlorly lMitwHn the pedd 

raulICtora. 

'.n:. thtl Mid-liM 01 the bya .... in a poItal'o-dDrla1 d.1HcUon 

.,d In .. t .,WWly to the poatuiCd' adductor. "'*' 
donlll b~aaua uvactor .. ac1a. ua dlaUngulahabla, ttwy 

conal.t 01 2 - 5 HpC'lta bundle. 0' .uacl_, running poatuo­

do.zoelllly .,d inurting an the ahlll in .... la. of" ecaI'I in • 

Una oppe.ite ttw and of the U.g.."t .. d 8ntll'lorly to the 
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; .. 

rhate ~e. M\f8 theu o~ig1n ,on the etttero-
" ; , " . " 

lsterat andentviOl' hg1ans of t,...byaBu8 GPp_a~. In 

~ the muacle tune antei:o-~n:t1'.11Y Q'n e.echaide • . - - .,: . '..,,' :", . 
, . , 

to insert on tha ,shaU at SCar8 eituatea ~t half-way along 

, the ligUl'lKmt. The mURcles pas. thl'augh thl! t\'IanUejust .above 
, ;.. \":l'1. u. ..c .... t .of " :,,' ,;: .', ' , ;" 

end ~ Sttgi-er}~' ,t9 ,the cerj)~.$l gangUe. " At their 01'ig1n. 

the ltlUoc.les ~;adrcule¥' 1n Ci:Oso-iim1cn. buttawards their: 
. , 

inserUon, they beeamelatehll.y fl.tteft$d~ 
: .. 

rhep muecl •• ccnslat4f a .smgle grl,1UJ3 of mulG~e.t 

composed af tIIany bundle.,· which h1lY.8 thei.r origina on the 

'pOstorioJ: and poetero-~a1 rsgion. of ~he b~u. gl.Gnd .. 

l'he.i: postoro-dor.a1 origin is' GaI'Ilewhat lIIOl'e medial to the 

origin ,cf thoanteld.m: bysGU$ retract6H,' whicts overlay them 

laurally at tn18 point. Tha muocle bundl •• paba dal'eaUy 

and pQSt .. r1orly, end.lnserton the v~ve8 at their 1fftpl'euia~{f..1 "') 

The moatpaatel:tarof the bundle$U.es'egainstt.tw oval pari 
, , ' , ' . .. ...... eel 

of' the pt)steJ:ioJ.'edductcl' (S.nthe crux), and they de ehlil:Wtl" .. 



. thamuaculature of the left .a1\18 of S,a!goaY.t &how1nV the 

dtvlsion of the anterior byasus tevaetor Mtscle tnto two . ", . 

ft .... 'foot. bye .... -hY$SU8J e.bY,tI. ret .. tit .... anter,iorbY9sua 

. retl'actor muscle;p. by ••. ~t. 1tI ..... pas~l'io: b~esus retractor 

!!IUGele; ft·., rot. m .. ;" foot l:etl:'actor.uacl:a. 
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P.by8 ... znt. m.- poeterto1"tilysSUG retractor muscle. 
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dorSally by theprotruaicn of the adductor (ocaebove j • 

S,!lgosue (f£g 14) 

" 

S,atSiP8W! is unusual in that there81's, twa anterior 

byaoua retraCtor tQUsd.es on eachslda. Theae muscles inS81't 

at two aeparate .ac~r. 4n each'shall valve. just behind the 
, ~ . . . 

umbones, and at, epoint. about cne-qu~teJ:' the' .length of the 

ligament fcom ita BrlteX'1cren:d~ The anter101' zetracto1' 

'muscles em each side" heve the.l.z-ol'igin as II single muscle 

mass, situated em the ,enterior and entero-lsterel sides of 

. the byssue organ, arid they run an'telro-do%aally. . A ttho.1:'t' 

'dlcteftce fl'(JIfI tht!u t.U:J.gin. the single muscle masspllts 

into two (US tinct muaels., bundle.. The doraa1bund1.e18 

:into bundlos ltool'. Howevta:', there areelvsys only. two 

There 19 no aeparetc dorsal. b,~bCU. ri!l1;roctor IftU8cle. 

T,he posterior retJ:ectora consist of 4 -0 bundle. of musculer 

tissue, 'insorting on the shell'n a line perellal to the 

. dorsal aide of the shell and opposite the postsJ:'1orend 01 

the lilgetneht. The moat paeterior of the bundle" inserts on 

the shell adjacent to, end antedal:' to; the inaeftion of the, 
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'_ "'~ f'4O.k o{ 

posted.ar adductor. -Because of' L the insertion of the ped81 

retl'ector ,the moat Gnted.or bundle 19 expanded at ita 

i.nael't1cn.- - The origin 0' the posteriot 1'ctrocto:l'a is on-

the dorsal; laterai $nd poater1o'; eUJ:'fee8a of' the byasua ,organ. 
. '. 

This conai.t. of e single muscle bundle on eec~ side, 

heving the S8I'iIiIJorlgin cnthc'~Y8ausapp81"etuG •• f.AGm,. 

end inserting -t3,.the shell.Va1\tea aa c1rcul81' 5Cere in each . , 

'umbo. 

The (iol'sel bySau8 reuectora are usueUy spU. t into 

, 'two muscle bundles an (lOCh stdo J . they .run from tho odg1n 

on the byssub organ ondinaert on 'the shell valves at thell' 

appropriate 8cars{f'1 f). 

These muscl.es have thrd.t origins an' the posterior, 

lateral and medi~aul'faces of' the byseu-a OJigan. 'They J'Uf't 

poste~dorMUy and insert on tha sholl, antedorto the 

postertur adductor muscle. Ae with the donet aetroctor. _ 
, ' 

the poateUor retractor ia'pli.t ,into two bundlea. 
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, . 
. Theh ie nO np8l'ate doraal. .l'ettacwr muscle .. 

Thepostedor byasuB tetractqr 1tIUcc1ea contis' 0' 4- 7 

bundles of musele. oxtt21ftating .tthe byseul .and running 

poabro-doHaily to insert on the ehell 81: a sed. Which .is 

eontinut)ue with that of the posted.oS' aC'Jductor illUscle. 

Tho pedal eu~e8 Gre connected with .. the momilnt. of 

the. foot elOM. and except at theupoinu of inserUonan the 
. . 

shell valver.. are entuely ~erste f'~ thG. byss81muliilCl .... to 
'. 

Which they 8m joJ.:Mdby ccnnective Ussue. . The pedal muaculature 

consiet_ 01 two 'groups of' muGeIeel 

(a' the intr1ndc mueclft8 of tho fOot .... thin layer of 

. circular muacl.e "lbus lylngunde.c the· aplthelJ...- of the 

1'oot (n.f)ld.1922 :. f.lgs 144. l4S).Towerds the tip ·of 

the foot. theaelRUse1e f!brQ bt'!CClmtlobUquely err.nged. 

to fOQII • couse netWDrk,. Corrtr.ction of the .c.!rcul'd 

fibraarea"lte in ... increa.e in p:r... .. ur~ on the blood-

f'Uled cavity of tha foot, and with .subsequent telpatlan 

of thtl. foot retractor iIt1Jsclea, exten.loft . of the fcot t.kea 



49 

place. 

(b) the extrlnsic MUsclee of the foot - the •• are the foot 

or pedal retractor muecles; the Ht r.tractor pedis of 

Liet (1902). They have their orlgin in 'the f~t and 

runa. 10ngltudin81 +ibres in a dorsal dirscti~ to 

insert on the ah.il valve.. Contraction of the •• muscle. 

results in ~.tractian 'of· the foot. 

The pedal JM.Ilculature de6Jcr1bed in this paper is that 

of the foot rstractors. 

P.perna (fig 10) 

The insertion of th. 100t retrec,tor is at the 

mid"point of the dor.al aida of the scar of the doreal 

by •• ue retractor Muscle, from it. Ins.rtion on the shell, 

the foot retractor IllUlicl. runa along the dorssl eurface of 

the dorsal by •• us retractor muscle, in an antero-ventral 

direction. At a point about ane-third the length of the 

dorsal retractor, the foot retractor run. around the anterior 

aurfaee of the byeeus retractor and aeparate. frOM it. It 

continuea .ntaro-ventrally and traver... the anter10r bye.ue 

retractor muscl_ externally, before running into the foot on 

both aid... At ita insertion, the foot retractor is circular 

in cros.-•• ctlon. but before entering the foot. and where it 

cro •• es over the anterior byasua retractor. it become. 

laterally flattened. This flat sh.et of .usc!. entera the foot 
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and runa alono the dorsal andlatere1 aidee ·of that organ. 

tht! ~ elins.,.r'titmof the fODt rotractor IlUscle . . -

. posterita' teutJt;tor musdeG,or-in thou Bpoci..,s with adarNl 

retrector, anth. 'Wlnttbl Ciida of the .do'HDlrotl'ctolt Har. It 

elongate~ the Beer entUO-"ltntrally. FrO::!! its incerUon on the 

ahell 'velvea, thc'cot:retr~tcl' 'rona entGJ:'Oooovttntl'ally on (lach 
. .'. 

aide ,of' the visceral'S'ass, as 8GJ.ngletAUScle bundle anasch 

aida. ' This bundle become. ·lDterel.1y cDIIJlreaaed' ae 1. t 'traverses 
< ,,' .-

- . 

The ~ et lnsertiCft af the foot retractor ftiUEtcle 
, ". ~ 

1tt this speetee 19 on the do:t&ol -a1do of tho ClC8t anterior &Cd 

0' the posterior byasuamuMltor muscle. the foot retl'actol' 

runs GO in f.aemcu J. t ~GO tr.\le~eD tho :'lIn-~d,o~ byaau& 
. . 

.rettoctot edemally and rumr into ttle foot •. 

The must=1e has 1tsorJ.gin along thllupper dorsal- .ide 

ciftho foot.. The foot retractor' is -not _11 developed in this 

species. On emerging fMi:!. the fact, thesepeJ'ata muacl_ fibre., 

which tn' COMspec.lmeftS a:e ·arreng~ into twa bundlu whUein 

others retla1n 01) a cingle ane*t OJ: fascia of fibr:es, pnse 

. dorasU;v end externally .uoso the'enterior, bysaua retractor 
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JllUsc:ln. "'T~ then'run postm:o-doraal1y _de' points 'about 

'one-third the len~th 0' the pDetw:lor b1SSU$ ;r;stractol't 'd1v$.de 

into _a11e'ot bundlea.whleh ~penotl'.te the dl.ff'etant, muscle 
.' . ',' 

btmd1" of' t~ pcttedoi b)l"~.l'.~fctoz.. Then emaUe.r 

bundles pa.'i1& th~Dughth~ pOstel'.i.D1' ntX'ectorbundlea ('lg13) 
. ",' " 

andrvn on~o t~ inner med1e,1 8idecifthoeebundl$.~ They 

in8Ut on ',the tthttll valva along the denal side 0" tha post-r:lor ' 
, , ' . 

C" ,,,,, .. :5 

'byssua ftttectot IfMiiCle ~1on at u~J::a1 .. ~ta., The~1J 

'8ft no' distinct ac.-sfor theinaert.icm of the 'feat .l'8trectore. 

Incese. ~e ,two foOt zeveetDI.1I •• ' :pre.em\ en .eeh alde. 
the mot's, dared' 'emit, is ~ 'lel!geat,wh£le, the amell.1" vent.:111 

'one 8t!eJ1'19 to, have $,te lnserUon on theoutei: lateral.ides of the 

, " posteriOr, bArQUe retrctor 1IIU9Cle ttself .. 

'TM t"~t :l'~ectar, o:dgf.nates e10nG t"e dorsal: .... 

, of, the foot, from Whieh I.t t!Jtt8tges, , and ~ne: PfJ1'tero-dc:tJ.'sally~' 

Itis, qui tesep.rete ,f1'_ ~ p~.r1O:t' byaBua revactor fllU.$c1e. 

it inoart& .on' the,oheU on thB .ntel'.tor dorsal side of the 

'e.lfi~gi1iird (fig IS) .' 

'fha ,tnserttcn ~t 'the foot ntraetox' ,muscle 18 on the 

, antae-dorsal •• of' t1'\. dorsal by •• us ret#'at:tor oo,e1e sear. 

frtlttl /1 ta i.n$ert1cn,'t the iad8cl« lmmed!.tttlv ¥:'uns around to the ' 

lin'teJ'iOredve 'of the' dOnn,l _t~actor and .epu.dateti' from:l.t. 
" ... <,' - , 
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It contifll:.tesentezo...;ventrally and boCOtllOo laterally flattened M 

it dCe8 80. It i&'aveiaea tM anterioJ: bye8us rotZ'm:tcr. ateele 

exte:maUy, but here 'it' divide.' ,l"to ttIID musaG bundlos; . 

(0) a 61&llIl1. a1toWly direeUng bundle. ' ... thia consists of e 
, , 

few ft.f$Cle fib%ea· onll't. whicha8pet'atrJ f'~ . ~. maln 

po:t'tlonor the foot re'b'acttJret a point oppae! te ttw . 

donal edge of the enwZ'ittr. bye.us :tetX'c:tc:t.r. It %Una 

entorio.s::ly :ror D ehari. diatence on the letoral aidee 0' 
the anterior bySfJUS reuector. and hae1ta arig1n on the 

latoral and ventral A.i.des 01' tId. muac1e, • short distl!l'lC8 

in fl'Ont 01 the pattSl. ganglion. . 

The foot· ratr:ector has i tft.lnoert1an on the dcJ:aa1 .tida 

of the mattt enterior ecar. 'of' the paeterlClr by.aue retrectOl" 

1fIU9cle. It rt.tnsf!tl.ong the ,inner dOnal sut"ace afthe pollltR1ar 

rot:tactal', in·f!Ift ante;t1.or d1rec~~. before turning entsro-

doe8 nut brl'!nCh. 
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GCOpeon both ltving and pn8erved matHia!. The descd.pt1ona 

end drewings ""e the compo_I te maul ttl of not leao than ten 

full dissec.t1ona fez each species. The nerve. af' specimens 

. pl'88es:ved' in formalin were '8881.cst tc:Ifol1ow, hut wra brittle. 

-Tracing of the finer. nervea was done with the aid of micro­

dUeoetCft. manu't.ctul'ad bN Sinpr Instrumenta, V.f.tel staining . 

. wl'th methylene blue WEIB ~.:f.ed (Alt»Canfk'ow1c%,1932), but was 

found to be unsatlafactoqtdua to pooso penatratlon. Because 

wos not ulled. 

tt!h1nclQ~ ot ,the tlerv .. which ariee at the pedal ganglia end 

which innervatt'J the lfIUuclt!la 01'. ttie '. foot, the ~I!IClfU' of the 

byesua and the by.sus ttl.,l' • Purdie (18aT) ,r:tel.d (1922) 

·and Takahashi (1960) have uRed· en . Enoli..$h tfU'lrl.inol.og.Yt whUe 

lut (l9D2)hu pref'euad tho cl.."aaicBl noIllenclature. rol' 

hie work en BDSdMt,. SplittetaaHt· (1912) haa called aU the 

nerve8~IRedplic, and has distingui.hed them further by the usa 
. . 

01' numerals, ThonomenclawJ:'e in this papetf'ol1C1WB Purdie 

(1881) ,rJ,eld (1922) and Whits (1937) where possible. 



whare th. foat retractor. pe.. laterally over the anterior 

bye.u. retractor au.cl... The ganglie are egg-shaped and 

are usually coloured orange-Ylillow in unpre.arved .aterial. 

The g.,glia eppear to heve fused into • single .... , but. Mdi., 

furrow indicete. the dual nature of thia ..... Thil apicu of 

each ganglion paint anteriorly and .U.ghtly laterally. lind are 

connected to the cerebral g.,glia by the cenbra-pedal connectivee. 

n.se connective. run anteriorly. along the dor.al surface of 

each anterior bys... retractor 1IUscle for a .hort distance, 

before cros.ing laterally end obliquely to the ventral eida 

af the.e muscle., to unite with the cerebral ganglia. The 

cerebra-pedal and cerebra-vi.ceral connectives are separ.te in 

all the epaciee, except ~.E!D.n.l.. in which the two are joined 

to fara on each side, a short single c~ connective, -mlch 

.. rge. frOll the po.terior end of the cerebral oanglion. 

C,-.rid1gnal,. ie peculiar in that the C8rebro-pedal 

connective pe ••• e .treight backwards fro. the cerebral ganglion, 

run. through the anterior by.au. retractor muscle, eplitting 

it in two, .,d ... roe. fral the dor.al aida of th.t rauscle 

(fig. 19, 20) to termin.te at the pedal ganglion. 

Although U.t (1902) and White (1937) figure only 

thrae pain of narv •• , beaida. the cerebra-pedal connactivea, the 

pr •• ent atudy ha. ahown thet four pairs of nervea leave the pedal 

ganglia. Thia is in agre...,nt with Purdie (1881), field (1922) 

and Tek.h •• hi (1960). 



The left Pfldal gangliOn endeasoc'eted n .. vaaoff.PUDo. showing 
. " . , . 

and the by.ilua. 

d. ~ys. rat. m. - dorsel b18BU.2et~oetor musclo. c.p.c.­

C::.~~de1 (':o~tlveJail bya. ret. ft .... anterior ,byasus 

retractor neva; a. ft. J:et •. n. '. 8uperfic1a1.'oo1; retractor . 
. ' . . . : 

~l've; 'ft. 1'8t. m .... foot retractor: ftlScle, . p ... g. - pedal 

ganguanl.·p.n .... pertalnervsJ bye. 01. ~ bya8~Ol~' bY8~ ft •. 

- byBsUS nerve. . v .bys. ret 10 n. -'. vantl'Q. .bysau8 retractor 

nerve. 
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The pedel:ganglion of C.meridiana'!, seen framthe left aide 

end chewing the li'1n.~aUon of the ented.()%' by88ua reUeetar 

muBd.e. end teot revectox· ftlUscie. The outer limb of' the 

anterior. by$SUB retractor •• elt!!' haS bun cut sway.' 

. <~ 

p~.g. -. pedel ganglialJ 

limb ARarq - .:i.rmer 11mb of tho anterior byGsue retraetor muaclel 

. B. bya, ret. n .... ented,or byasuB retractor ne.rve, ft. rot. 1JI. -

foet r:et:raetor muscle, ft.- foot; p.n. -pedal nerve. outer 

Umb ARlJM - Cluter limb 01 the anterior byuus' retroctor muscle. 
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" A do,r-sal. view 0' thcpedlld. 'gar.qUoft 0' ,C: .. JMl!id&9aeU! in ,situ. 

", 'wlth the fcai nusCtcr muscles, ~\led. The passage 0' the 
, ~", 

cere~eda1' cOnnective thr~UQh tho enteri.c1' bYf8Ue retreettJr" 

muscle is $hown. 

, '.', .. 
,c.p.e .... ~padal. connectiveJ d. bl's. rat. n. - dora01 

byasus reVisetornerve, p. bye., ret. Ill. - postC!.rior byeauB 

retZ'tlCtor muscle; V.', bye., qt. ft. - vanbel byaaua reuactoZ' 

',nerve; p.g. -pedel tJsn9l:.i.cm. a. ,b~. ret. !ft .... antariol' byeaua 

revactor muscle. , 



a.bys.ret.m. 

~..w...J. ___ p. Q. 

d. bys.ret.n. ---~--L.J 

p.bys.ret. m. 

2.0mms I 

v.bys. ret .n. 

r------- bys.n. 



... 1 

i 

'. ' , . ,', ' 

. The foot ~~acto:r: ttUscl.e has' been ,pulled entero-vehtr~. 

, . 
. '. . - .. . .' . 

. nttector na:r:ve; c.p~c ... Cel'etp.pedat eannectivl!I:. p.n.-

pedal " • .:va; ft. ret. m. -:-faot. iteb'ectO:r: muScle;' ft .... foot, 

b,s. - byasuo; by. n; l-by.BuB nerve 1; . by. n. 2 - by.sua 
. . . . 

neh'1t 2, . p.' bys~ re, •. n'.' "" P.tel'iot' by.sua .rouec:tar musCle; 
, .. 

v. by •• $t~ n .. - ventral bYBS~B 'retrac_ mt,:ve, ". bya" ret .. 

m. .. anted.,z by.sus:· I'eUactor .·nUacle~ 



a.bys.ret.m. 

p.n. 

ft. ret. m. " 

tg( ft. . 

.. ~-

p. bys.ret.m. 

v.bys.ret.n. 

by.n.2 

by. n.1 

...:.. ~ ~"~1 bys. 

I 2.0 mms I 



. t'1§WE 6&', 
': 

'~Th.lef' pedel gen~l!on cf~,vi!9i11ap and es8oc1ated nerve •• 
. ' " '., '. ", ' '.l , 

':' 

. p.g. ':" peJdel OQngUon, "c.P.c. "'CeH~da1 connective; 
t ,'., 

-a. by •• ret'. fit. ~ anteriar blfsau"- ret:CHtor muGU-ta. ft. ret. 
,. • " '_'. I 

n ..... aupe:J.'f~bl faDt l'Duactol'nel'\i'l'J,' o. byo_ ret., n. - anted.or 
, .', . 

byOfJ_;fGtrQCt~r nuvr.t'p.n .... pedal ftOl'vttJ . ft. %'ot. m .... 
,. . ~.~.' . 

v. bys. rc:it.tt .... venualbyseua J'.trac\ol'~' p. bye .. &"at. m. . ,~ :.. . '" ';. , . , ~' ~ . " 



p.bys.ret.m. 
d. bys.ret.n. 

p.g. 

" 

s.ft. ret .n. 
v. bys. ret.n. 

bys.n. 

-··:'2 ft 
•• :i • 

I 1.0 mms I 



, 

The 10ft pedal ganglll,an 01 i.bl1allfU end,' .lIOC.latudnswea. 

. ' ' 
The foott:etX.'actcJ: ttIIit8clahua heM pull.cd' e~tel'~enta:'ally • 

p.g. -pedal ,mglian, ,c.P,~c •. - cen..,pedol. c:onncctive; 

B. bys,t tet .. m." antetio:t- bysl!uerauectoz' muscl.er a. bys .. .ret. 
, ' , 

f ~ • , 

n .... enwriol' by.aua :te-tl.'sctor nerve; 'p .. tI. - pedal nerve. 
, . 
. ft. rot. 1Il.-. 'oot re'"&tor IlIUJicle; , 't., - foot; ,byo. - bllsSU8. 

by •• n. - byHtJ8 nerve, 'v. bya.nt.n .... ,;f,lftual byasuo 
.. ~ 

. , 

muscle, ,d. bye. rat. n ... dot'sal bye.ul retrectol' .nerve. 

, r 



" 

d. bys.ret. n. 

v.bys.ret.n. 

p.n. 
~!m:!!lIIL.. ____ bys. ~ 

2.0 mms I 

\. --------- ,-----



.,,,,, 

, , ' 

The, 1a1't pede! oangl.:i.Qn of b,caoens,,~ and eaSOC14ted nc~ve$,. 

Thefcot retl'actot !!Usa., hasbeCn pulled' entero-.ventra11,. 

. " ", ", . 
, , p.O .... pedel g."glicn,i c.p.c .. - ccretP-pctdal ~8etiveJ 

~. byo. nt. n .... ent~tlorbyuua l'etl:'ectoz- neve, P'~'-, 

pedal IH'!rve~ ,t. rot. m,' - feat nt$ac~~ !RUsela, ft. - ·toat, 

bye .... , bp.ue, bye.n .... bys~a;,~vtt"v. bya. ;1'8t. n. - venthl' 

bystltSsrttrectar nerve, p. :oys: nt. m .. '-poster!!,)%' brcau.· 

, 'ntroc:tar MUscle. d. bye, ret. n. - dorw byrallUs" retroeto%' 
, ' 

nuve, 
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. ,', 

'(8) Wer.&Ql' b.v8.LlIIl'8tZ'Em:rIl!~va 

p. 38) h!ls described 1t e. ".... • 811'1&11 nerve that bccomaD last 
, ' 

in tbe l'etr.actore of the foot." Uat(1902) gives no count.,... 

pal'tf'or this newe int!xWul glllp~lnc!a1i'. but it me.v 

be represented by his ti,yj8eertlU.in part. Howaver, the 
" '" .' " J 1 

N.v1!S!rg1is prcip.~ should ecls8 f~ the cere~v1ecera1 
" ,.' . " . ~ 

COMocttvD(WhU..193f 1 fig 3(J) '.,ul not f.rom. \hfJ cere~ 

pad.,l connective, .. figu~d by Li_t (1902,. 'i, 11).' Van 

Nieuwermeven (l.947) .tehe that the nerve. wh:i.chinnolVGte the . .' .\ 

.' 
,entllrior bye.-us nt~ector muse)._ !n !W!YWl edullg'. ad.le . fram 

, . 
the pc:Jaterioraurfce of' the pedal g-dftgUon. bv't l'ekahaahi 

(1960) haB 8hci.n. I by I both I dieacction and .1ecta-leal atllulat'-. 

" that thla Btatemsnt j,-e erronfttUS. and that 1ft !S .. !dwl&!.tha 

enterioZ byuua HUactar m;wa cansJatoot fine f~ 
, ... 

ori.glnatln9 in tttlt,' ped&li8ngU.on via 1#enche9 '01' ,the ceretp.. 

,pedal cGnftel!:tive. tnt. arrangement (Tekahashi. 1960, ftg 2) 

was fiat found 1ft any of', tbespecieaexflnined in th'e' paps. 
, " 

. ' ' 

arlse8 ae & ainUlc root en the entad.at ,lateral edge 0" the 
, , 

pedal gangliot't.. tnP.r.-ma (f'!.gll) and. $.'!U .. &E!t (119 ,23)' 
. . . 1· . 

tht. root is well .par.ted from· the~pedti <:onnect1ve", 

but J.n M1YAts&''''' (fig 22). S,mUJ.pnaUa (f19 19), luSEIDs,. 

(fig ~4) and A ,.!'J.ID!llItl&U ('iVa), ,theantartoJ: bye.us 
. j .. .-.c.t;... ~~ " <t' 

nuectol' nerve ad.e8tH!tlmoGt at the ~ ~the ceretp-Pedal 
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w1"" ' caf1nect1va ~ thrJ pedal ganglion.. A. wUl be seen, the%'e 

,are alf.ght IMdif.t.eaUonl, to thlG. 

In P .Pemp, 'the m~,!,=, dtv.t.dealnto two brencha. olmos' 

__ cU..tely (fig 11)., The tt:dnnu and mont 'anteriorl), dinctlng 

brench U, the enUlX'iOl' b~.au_ X'tltrctot' nUV8. This run.' ': ' 

cupedlcb,Ut/ alQng tJut, outu 18terelfJUrt~.· of. t~' antel'.tOJ: 

bN8cue t'etJ:ectoX' muscle, giving,o"',_l1 aide branchea' _ it ' 

doen so. The ~h1ck.l' o~ the 'twt)' nal.1l •• , ,which t hadtezmed 

the aus:-t'icia1. foot ntrector mtJ:Ve, run. poat.riar~yend 

horbontallN along the gengUon for a shartdt.t~ (fig ,17), 

It gives ,of" • - .. u. branch,antericl'ly 
, , ' 

d!racted, which ~ive. deePly baQelln the muset_ bundl_ ot the 

Qnur:i.ct: t:atractM muse1... the, main portton Of the '~ 

conUnu •• in 'II l.terfll dJ.rection. untJ.1 1t reaches the foot, 

ret1:'ac::ti.U' mu.~., wheJ'e' 1 t t:lranche. into two epp:oxlmately 

equal nerve. (fig 17) f wh1eh ,run fifiterlorly 8J'Ound the, fllUGCl •. 

,and COIi& to, lie on lts cu_ lateral au~fllC.. Both M1'Ye~ 

continue donelly t_erda the ~t of" innrtlon of the foot 

,In 5 ... 1ise4EM (fiG 23). the ... tadcn: by •• ua rotractor 

, nerVI! .1. VDr~lfJ.ne. It runs antero-ventl'aU, in en oblique. 

di.nctJ.on; auo •• the anterior. bysau. retractor' _clo • .'ea in . ' .. ~" . ' .-

'PrPSQ!. tpwaZ'~. the point at insertion af thill .u1lCl. tJft the 

shall." ~ short di$ienCO f1'Dlft the 9artgl.ion, the ner\r, give. off , 
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• fine br.nch. corresponding in position to t~ auperficial 

foot retractor narye in e,eerna. It ",a. not po_albla to follow 

this norva, because it .8S too fine. 
., .! 

• 1 ' • 

A'eim1lar altuatibn in found in ~tvirqili,e (fig 22), 

where the anteriOr t bysau8 retractor nerva follows the usual 

course, and the fine' lateral branch, the auperficial foot 

retractOr nerve. pOIses laterally ootwards between the two 

bundles of the foot retractor muscle. This nerve continues 

dorsally along the cuter lateral surface of the foot retractor 

muscle. Unlike the nerve lnP,perna, the superficial foot 

retractor nerve does not branch. 

plan is found. Here, the anterior bysBUS retractor nervo first 

gives off. fine branch, which runs latero-doreally through the 

digestive gland (1 superficial foot retractor nerve). while the 
~ 

main portion of the nerve cro •• ee.doraally over the cere~peda1 

connective; and rune parallel with·this connective along the 

dorsal side of the anterior byssus retractor lQUecle. However, 

when the canti>-pedal connective crosses to the ventral side 

of the anterior retractor muscle, the anterior bys8ua retractor 

nerve continues along the mid-line of the dorsal side of the muscle 

to ita insertion on the shall (fig 21). No nerve W88 found 

which' corresponded to the superficial foot retractor nerve. 

A superf1ci1ll. foot ratractor nerve .. as alSo IIbsent in 
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, ,,', , . " 
r.trectornerve a.deea on the ventreJ. flul'fece of the CHeI:(o- , 

'. '. ~ 

pedsl conn~cUv.t at its junction ~lththe pedal gB~gllon~ , 

~m .. ..,ridienftl.ia 19 pemullar, in that theenterior bYSSU8 I:&Uactar 

, ' .,' '" 
,muscle 18 8p1£.t into two, bundles, by the $lGo.age of' tl*.e cerebtJ-. 

pedal connective. The anwriot ~Y!l'U8 1'etractcaJ: nerve 'oUcwa 
. . ~. . 

the course of thecere~8d~ connective thzough tho anterior 

ntractor muscle. and ,LYAS off .,11 side b~ch nerves. which 

.:i.Alnel'Vate the two tnuar:uler bundle.. . 

The 'anterior bYG~s .I'l!,uactor,fterv. in b.!?IPMGM (fig 24) 

hss ita origln on thi; ve"val 8~rf8Ce of the pedel ganglion, all 

In.§:mc:lriS!ion,lJ,a. It 1s e. very '1ne ne:rve. Been only hI 

lifting the Qan91ionle m091!laweyfrom the mtJ9,Clea. It f'ollOW$ 

, , 

retractor muecle, it"l an ante~IQ'1' dtmcUan, 'a8 tnpaRceD!!. 

, , 

'Thie is the 1l'ICst, eaa.Uy dtatinguisheble of thene2l'V8a 

which adae from the pedal gangU.an. ,.' It hoobeen tented the 

IJ,RftdAliP by Llst {l902).lnall speelQ- e~cept J.;.c!Qett!i1h 
, ' 

tho point of o:l'ig1n o'f this na%'VG ,19 an the poatuo-latsral aute&' 

edge of th!! genglb.at ita region 0' ~eateat curvature. In 

lu9QPonBH (1£g 24), tcheol'lg1n ucamswhat fl)OH, anterio.l'ly plaeed, 

at aut the m1d-potnt af the outer lateral. edge of the! gongU.on. 
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tn Pt.rf!~ andb.guzeoeis (figa 17, 24)"the n.~ 

%'Una, poDtedody for a short dtatence.' before turn"'"g ,lat.~a1ly 

outwardS to J;'\m O~J.' the enwl'lot b~iSSU. Htl'ector muSCle, in a 

ventra1dUecticn. But in, S"bJ.J.pg.lgr,a,t C .. nmridimluiaand 

M.vil"SU'M{tiga23. 19, 22)',di.r«Jl:tlY,Oft leaving the pedal. 

98nOUcm,tbe pedal nerve I'UtItIJ obllquely over ttl. ant.dGl' byssue 

retractor "SC1'h In !.mlSllUml.~fi.9 21), 1ts cours8 is 

" 

a.lJllOst duectlV Vetlve1, and _ itJfJ'I1y ahartdi.stance hom the 
, , 

ganglian, the pedel. notv., divide. tAws numlJerot small.er. ' 

JlPPI'c»cimetely-equelly sbed bJ.":anch .. {woueUy 4) ,wh.lch run 

1.tit"elly OWl' the ant,rior' bNaaue l'etl'eciort'llUac::le end penetrate 

the foot along tho .1Mareide of the loot ratHCta.r .. de. 

In I!S1l. thaothttl' npwdtul .xamin.d, the pedal nanl!! 

run. Gvm: the ontarlOX' b~lIua ~tz.ct;.ol: musc:1. e8u$!ngle "&I've.' 

On, entering the foot, 'the ptidel netve g1ves of' a .-alla¥' 

nervaCQnt1nuea into the toot with thl 'oot revac~ muscle, 

d :in ft .mmmUmieb and apU.te up into numel"oue .. all.er ,and 

eppJ:odmate1y equdl~ • .f.z.d_ves. Theae J:Un dOl'hlly and' 

veiuuly along tho inneJ: side of the foot "tracto!: muscle 

(tip 11 ... 24)" 

Ttd.e nerve J.a termed the NlmH.aM tava" (rlpl' 

by list (1902). buttn ecCCl'dance with Field (1922) and 
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White (1931). is eell.ed thtt ventral byssutl retractarnerv. 1ri 

th1a pepel';Purdie (1881) .a:1h~s' t .... t this i. the by.h1· 

riei'Ve; but In ell' q.es~ I have deutwd the byea.i3l mirYe f.l'l:lm 

the venuti bY.SUll ;ret.f:ectcrhei'Va .. " 'fha' nU'vsfollowsth_ 

~am.a'Qene~ plan 1n' gl' the species', mc • .tned,So that. the 

de~u::.ripttCnfhrP,.e".glven below, suffice._ e;gonere1 , 

deecrtption. 

, , 
. , . . ' 

root; at the poeterior ,end .0' ,tho pedal veng1iM, betwaem ttrif 

-
pedel Mrve and tha doNel by8we l.'etrc:toJ' nerva ~ It lIuna 

,:reuactol" llUac1u, ad at the po1nt ,~re·the entariM' retractor 

muacle Join. the dal'o!4 'byaaua rettaCtorlilU8c1e (ot t~ pooWl'ior' 

bye.us 'l'fltraetoa: ~scle ~ in tho.. apectes 'in Which, the doJ:alll 

r.Uec:to1' muscle $..8 not di.ungulehed); the ne¥'Va divide8 into 

the anterior bysoue retractor muscle, in .. ventral directiOn. 

It div1dea into a ~ of emWer nerw.; :which peneb'ate the 
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gives r:f.aa to ttio.'O bysfJlll nervnc . . . 

. . Tn ... nm,enme ~CI'08. tQoote.r .lat6r:al sud'ace 

of the . anters.or ,,;.sl!lua . Ht'l'8ctal' 'muscle' Uta ventral 

dt%1!ct$.on. . it u1\1es r~.· to two 8mlll1Cr n~e.. whleh 

. peftetrata thaanter10r ugian of' the bye.us.but the 
. . 

·.ain _:tv. continuos vent.tally tinel sUpel'ficially in the 

outu "all of :~e bysalJ$ gland, and· then turns pca.tericl.N. 

It gives off numerous smalle.rne:-V8 fib~ea(.f.3 II). 

The byasal. norw·2 ftl'a.sea from the VOfttcal . . 
byoaua. retraCtor nU've II chort distance f&'D'lIi the origin 

of byaael naIVe 1. AQutn,· it ~Uft. OVIII' the antllrtar 

.byseua reuactol' muscle. end dlvldee into two equal 

branches. Tho.at dorsal ." th~u'e branch(!!!' continuos 

posteriorly to innuvate the poat:c:rc-dOZ'sal region of 

tho b)'i!lI!l\d!t 91~d. whUe tho ventral bJ!'MCh COftt1nuea along 

its eclJHe' Md divides. into .Malle;&' na%'V88, i.nnervating 

thttmed.lan and lateral. rao1~s of. the by.aUll;, 

, . 

pincUon lind then d1v1dn tnto amaller tUlenchee.. These covel' 
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end the dorsal bye8ua .retrectOJ: muscles, almoet donally above 

tbe bysaua epperatu.~ 

fhts nerve, CtlU.'esrx,mda to the !!,mMa:toaam. adl&' (""'2' 

of' Ust(1902) and the donnlll by.sus ftt~_tor ne%'Vo ofField 

,U92?~ 'and Whlte (1931'. Di'felWhces in the crientatltJft of the 

doJ:e~ . aNt peater&o~, l'f.lu.tlCtor ~~. in d11'e:mnt. lIPee!e., .. e , . 

1!d;.ftOred by differenOits inttt.t!t Course of th1& nel'va. ror the 

__ eke Clf 81mplWtYt ,deeuiptf.otdt of this ftftVe,: 'neach apect •• , 

are dealt with a.perat.ly* 

,' .. , 
. -

. In P;.eetne " thlt dorsel ~us I'ct~actM: nerve is rMlch 

th.tc:k~r ·then lft M~tlld. 't!~. oX', s,aduUe. : end is perhaps the mD'At 

. tmpol'timt nttr\re im81'VaUng thtt bY$_ retl'flCtar mueel".. The· ' 
, . 

MIVe ad.aaa, lISt the innu poatal'l,ot' engle 0'· the pad.st gangU.Oft 

and travel. pti~t •. d.OJ'lr elonga1de the' mid-l1na between th$ two 
, ' 

anterior byuuaretltl'lctor QlUscle&.. . ttCl)ntilrultG poster-a­

dar_ally b.fO%'~, givin9 o1'f' itsf1l'8,tbtanchl 

. , 
· tal thJ.a newe' runs lat .. :r:o-ctoz'aally. to continue 

dong ttt" outer lateral: 8Ul'tac:e of ttJedorlml' r.trccto~' 

muScle.. The MI'WI dlvlda. into G thinner branch. wbtch .. 

. 1't.u18 lIIOm 0\1' 1888 along the.\ ante,l'!or surface of th. .. 
, , 
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The dorsal 'bysaus retractor nerve eontinueB poete.ro-

'dor.aU~. and runs ,up each side of the mid-line thr.augh the V. 

formed' by the Junetlonofthe ,dOl'ael byssutJ retractor muscles 

retraetor musf;i:le, end dives deeply into the: posterior 

, : byssusretra'Ctor muscle, almost at the orig1nQf that 

muscle. 

, lateral. slde: 01 ,the dorsal by&ous retractor moee!e, 

ttlwal:ds its point 0.1 insertion on the shell velves. 

The'doZ'8el'bydUS zetrsotoJ:nervethen c.tosae9 over the 

dortwl b.vsbusrotr$CtQl:'rnusclfl. onJta the'dorse1 surface at the , 

post'lltier bYs9U.:ret~actor muscle., MdcOft'tinueti alo.ng ttlU 

mUscle towerdn ita' pojJ,t, of insertion en the shell valvn. 
- , ' 

However, as i. tcmsaeaonto the pOBtOl'i,ol' zoetrQctormusc1e. the 

:nerve 91v88 01' onothel'amall bronchi 

(d) this nerve er.ins on the1nner side of the dorsal 

'\ • 

byaaus l'etrac:tol' nerve end 1oo,pa under thet ne3Ml. It 

than %'unsleterally :i'OUnd the outer ad~ of the pootet'~ 

bysau8' ~etractot' U!Uscie and along it. ventral surface, 

towUde the point·.of lna81'tlonot thatmuGc1e Dfith1! 
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. Thtt dorm b~B ftvecW ne~w ha1l1ts o~iqin,on 

the dOl'sel posterior dde of the pedal, gengU.on. 'On 11!4V1ftg 

the gangl1on,' £t !:Una, paatero-doX'Gol1y through the V ,: fo%1led ' 

by the poatmor bysau8X'etJ:.ectOZ' flIUflc1ea. ,Juat bafol'e the V, 

it gives off 8 ver!l fine bl\'anct't. which l'Uftsletero-doraally, 

along thf;l cuter lateral at ... .af tho poat81'itJt bYI8U. :teu~tOl' 

tnUGc1ee. " The .,.dn part of 'the niU';", continue. tlUl'cugh the. V 

and along the upper ,surfac •• of the-bundles otthepostG1'1or . 

b!lsSUS ;retractcs- IilUBclea. Oudng thie pCl8te~dor&al course, 

:1t ,gives ~.tse to smaUer brench nervn at each of the muscle 

Although the origin of. the dOrHl by8GU6 reb!ectM' 

, norve is 8i~U __ to P .se!'Dl* in AtN9!ll.onw, the nerve .1s 

ttKtl'emely fina. It %'Una ,in it poaU;m...doraal df.rect1onthrcugh 
, ' 

theconn,ectLve t!oauB, ,and thenbrJt"'; thtt V, f'oaned by the 

, I 

jUllt entel'icr to the 18.t pau of' muscle bundles, it d1vtd88 into 
. . . 
, two nt!r..,... both ofwhlcb diva into the lest bundle. 

, , The doJi'aal byalNa~tr.ctor' nerve haa. (1 .e1mUar 

euangement and Ccul'08 in 1!,!Vsi1&a as it dm:!a ift l!tP!!lzOa. 
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On .raactd.ng . tho muiicular V t. it giv.... 1'£8e. to. vety fw branch, 

whleh rW't1 latero .. dtJl'atd11'. along theentffl'icZ' edge 0' thetklretd 
. . , " 

. byssus nt~aetor. tftU$cle;. Tha f!litin pol'tian 0". ~ ~v. ccn~uee 
paateriody. elang thetiftUSCuler.alutlt of ,the poateriorbyuu. 

;t.uaet~ muscles, giv:1ng 0"· side branche. to •• ch of' the' muscle 
. " . - '. ' '. ~ 

bundles tI9 ,it does $C)-

It .,aIPMOft! . (':19 24) 

Although there 1~ naaepatate dDraSl by •• u~, mtractor 

muscle in this apeel.,.. ... Gewl'EIlI -efthe doraal byhUS tetrac= . . ". . '-'\ow.. I'..A. 6CII",. ~iII" • 
nme le ~ ~ 815 1n "~vURU&I.-

" - . 

. The dora.I byseu. retrectOl' nuve has the SelMt or1gtn 

. as in PeQ!F!l!- thanewa runspo.toli.OJ.'lllf~ a short diStance 

. and . then pcateil'o-doZ'8811y up through .the· t'fIUscul._ V. '.' A. f. t 
. . -, .,' , 

. atarto to tum dal'olly,L t 9iv ••. 0" II branc" 1l'c:mi ta lMer 

latex-a} aide, . wh!eh z.un. . .mder the 1Ytdn portion a' the nerve, 
. , . .', 

.' end ontcthfl enterior and . Cuter lateral' 8Ld:fac •• of' the pc.tutor 

, byes ... 11 retJi'actor lllUeelS ... " "m. .a1np.~ of the 'nerve continuet: . 

1n .8 posted. or direction ~ugh the V f and then NnS ,elang the 

tIIU.c~lU shelf. g1ving e" smaller. bJ:ench nerve •. to sacha' the 

muiCle- bundles of the poated,.or bye.us HUIICWrm.SCles .. 



" 

d1dcild. eu,pendadmat'e .. in the .. ateI'. , Althaugh Tonoe (1946) . . " 

1e of the apinlon that they IP!'8 'htsmi~~., MenaauJ' (1946, ., hI 

hu ~, that _ell copClpOda are, often fOund f.n the atomach. 

cfMdU,v' .pflCimens. A .tree of _tel.' S.a cUllW' into the mantle 

cavity by clU.ary acUvi~!I (Atkine, 1936 - 1943) and th.'aad ' 

peJ:tlc1ee~ collected, on 'thegUl., •• pasaad to the pal.,. and , 

then into tho mouth (R ..... ,1926), which leada via e .hort . ., \ 

,oesophagus J,n,ta thttf;ltOflNK:h" 'The stomach U perhap. the .. t 

J.mporient o~.., of the u:1.mentlll'y canal and 1.. closely esecieted 

with the digeaU". gland (Dwen~ 1956) ~ 80 tt'tat divastf.on can be 

bcthexU ... ce,11u1_ end,lntre-cellular (ManscuJ', 1946, B, 
, , 

MantIour ... Bak, 1946). 1lw c~lex 'ar~anQement af' the cilt.S')' 

trecta within the .tcmach (&l:eh., 1949), together with ,the 
. " . 

ftttatlcm andd181101uUcm of ,the crystalline .tyl. (Mortan, 1960). 

allows ,further sol!Una to take 'plece' in the atDmech. ' the 
, ~,. 

, , 

'IIIIOl'th1888 .. 'e ... 181 .,..d waste products hem the cU.Q •• "!'" gland 

, , d" .. "" • .J 
qre then p8~sed into the ;inta.ti.n.~ to be eft.stell at the anua 

\>-ss<Ocl '" 
and iJI'!lH out of the mantle CrN! ty with the •• "alent cur"n' of 

water. 

Only the 9""-1"81, grosa an.tomy of' the .UlDentazy canal 

hal bun studied in this: peper; the h.isto1ogr of the d,l'f.rent 



I .. .... 

, . '. ' 

': 

fliWE ·as 

dig.gl. - digestive gland; oaa. -oeSOphagus; me. - GJCUth, 

,1eb. palp8 - lablal. palPGJ .p. edd •. m.. ... pos'tPrJ.or adduct02: 

_cle, cae. - caeClftft, '. dU. tnt •. - dl#!eCt'iflteat1nel tea. int .. 
.' , 

'. t'enllnal. in,"tW, J:'.GC. Int.' .. "curJ!'Mtt ",wauna. 



dig. gl. 

oes. 

mo. 

lab. palps 

dir. into 

anus 

2·0 ems 



oeD. - 08"" ••. ; 1_" pulp. -labi8i· pal,.,.; .. dU. 1ftt .... 

di~ect !nteat:f.ne* p. add. 11$ .... , poet-di.al' adduc~· eusc1., 
Cstl ..... c~J . ten. int ..... termlnll11nte.tin.. rae. 1n'. -
I:8CUUtmt .b:'tte.Une. 



ventricle 
term. into 

rectum 
'rec'~ ·int·· - -------. . 

cae. 

oes. ~anus 

p. add. m. 

lab. p~llps 

1 2 .0 cms I 



67 

ng1Dnll 0' tha cllUal hu been giwn by u..t (1902), field Um) 

and Whlte(1931). 

The dncl'ipt1an of the a1:1mentary canal upta, and 

inc1udJng the etouch is the .... fGZ' aU epecie., except for 

the fact that there 1_ • camperetlvely longer oeaophagU. in 

A.ftllageAiNAA .-.d S.bJ,J.ge4s" ('iga 21', 28h The:te an' 

hctweveJ:, di"erencn in the intestine and cryatalU,ne style 

caacuIt. as the detIC:r1pUon td1l .haw. 
The IlDUth 18 an elongate allt be~ the uppH IIJ'ld 

1011d1r Ups, with wh.lch the outer ItlbJ.a1 paJ.pat lind J.nna' leW 

palps ar. conUnuoua reapecUvely. The palpa are mugh1.y 

td,angu18 .in att.pe. with a r.ldged in". llUZfaca ... d • ROOth 

outer 8U1'faca. The aasophagua 111'1888 a short diatance bahJ.nd 

the mouth open.i.n~h and cont.l.nuea pDBter.1od.N and doftaUN. 

al.1ghtly to the .,1ght of the aeelian llna. between the pa1l'ad 

entel'1a.r' bye_ retractor muaclea. The atc:lD8ch ia J.rregul81¥ 

shaped, mon or 1 __ eUpUca1, wJ.th pouc .... in the venual 

donal and latual walle. The atoaacta 18 situated allghUN 

to the right of the _dian l1ne and almoIIt belOllil the potIteriGZ' 

end of the liO...,t. Detalla 0' the internal anatamy of the 

atam.ech of related Europa.. epecJ.n haw been fully dellCJ:'ibed 

by &r ..... (1949). 

(f.1ga 25, 26) 

The diZ'ect 1ntaaUna ad .... at the poat8I'iol' end of the 



.tt.ch .,d p ..... becberda •• 11ghtly to the right .t the 

a1d-line 0' tt. byaaua X'atrecter -...elM. At 8 poJ.ni eppoaita 

the 1Iiddl. 0' thll poe_rior ntJ:cton balaw, and the .s.dpa.1nt 

0' the venuJ.c18 tIbovtt. the in •• tine "'lacta an iud'! It 

J.a tMn t-..cl the naurr .. t inteau.n.. 

ThIl l'tICunlint in •• tina .I'UI'MI fa':IWuct. and to the right 

0' the Iilel-Una, to 8 poJ.nt W'Mie1' the pMterlos' ttnd 0' the 

llt.-nt. HRa lt pM ..... tuo-varitJ:ally and allghtl~ to 

thll 1a't of thlt .t._ch, to 'em 8 loop in the dipatlW1 glend. 

The loop of. the !ntMt1nIt la ehoJ:t in C,wist,,.....',, ".'(,kg"'" 
«tel § ..... , lIIhila in r:.am • .,d l.,cElDl£I. the 1aap J.a 

CCIIIIpU'.Uva1y lmfI'l' and .ia 'tucked unMZ' the atc.ach. The 

loop Ml.'k. the bagim1nc ., the un1ntl! intHtinll. 

The tend.nal 1ntaaUna Z'UntI pua1.ltl1 with thlt .ntad._ 

bya_ Z'.tI'eetor .uacl.. '01' •• hurt c1latanca, .nd thin tuI'na 

don,l1¥ and .I'Une 1n a poet.I'OeodoI'.a1 d1nct:lon. to CZ'OD eve 

the d1nct intNtiM on the 1.". It ttwn ••••• a Mdi.l 

pUiUan, It rune poIItftioZ'ly in th1a ..u...., pi ..... above t .. 

Z1ICUI'l.Wtt !ntaatina, .,d pea __ through the wntl'J.c1. of the 

"an. "ftu thU~ it .:ontinua ... the nctu., dcno-v..u~ 

f'l.tt_d in ... Mml' but allIDIIt cylindZ'.tc.l in C,-,'nlmIUI. 

l,sAf'l!it. A,IJ.9P'Y' and ",,yMgA"'. to tflZllinet. 
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'l)t theenus, ei.tuatcd on theposteZ'ia~ suttee of thl!l posted-of' ' 

odducto~ muecle. 

Th~ caecum J.6 en elongate structure, l),1"g in the 

aW:f..Une, and dmcUyGbove the o:tJ.glno' tNt dine' .1ntatUM,· 

with 1taorigS.n at tho posterior end of the .t.aae':h. It "..8 •• 

beckwal'da. undezo the tloa~ Of 'the p8l'ical'dlUlD, ebav. tt. dUect . . . 

intestine endeU.ghtly· to thale" (It the J'oc., teftinet1f'aV 

alongatda the anus on the PQett!~,ior 8UZtac::. of the ,p_tp~ 

edductbr _d., In 'f.r~". 1.19!PaH. i.aJ..gaeui and 

M,v$.rDill.,the caecum 1_ about twice 8. long as the dtl'ect 
. .' 

1nta.tw, but 1n' e.e.sn. it 18' anly about a thUd long. than 

the dkcct .tnteaUna.· Theceecum i.s 'tUs" with a 9~at1ftau8 

eutuJ'tsnca, ·Wh,kh extonds throughout ita entUfJ length. Th18 J.a 

tho cryst..uJ.ne 8t),10, 

.' , 

Th$ dlS'Ht lntHUne ad.a. at the putlterj,ol' emd of 

the stomach. end pasan baCkwards in tbe plane of' the mid-lA.na 

of' the bysous r~tractor musi:l.s. At 8 point ,,1" the en'brior 

end 0' the pootel'W adductor muscle, it Z'etleota I!tn itself, to 

run forwardS and to the z-1ght 0' ttut direct, in"stine. The 

reg.tan J.e cornepandingly callao the l'eCUft'ent int.att .. ~ 

f' . 

The nrcurent intest1tte. terrl'l1nGtsG in a loop, above 

the poatttr1Gr end t)f the stcmach.. Thai loop 18 hol'l.zc:lfttal.. 
. . ' 

This loop 1JSu1ca the beg1t1.ning of the terminal ,lnt".t1.ne.,wh.ic::h 
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!.lGUREU 

GeR. - aesophooua. mo. - mouth; lab. pdpa ... labtel. palpa, 

dlJ'.c int ... cU.nct ifttaetlMf p. add. ft. - paster~ adductcS' 

lI'ItAuclel tcm. 1n'!:. _ ta=£nal inteaUnss ftC. Cc lnt .... 

, .l'oCUl'%'snt intestine. 



ventricle 

rectum 

stomach 

\ } anus 

<M ~ mo, / kI' ' 

p. ~dd. m. 

lab. palps 

2-0 ems • 
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. . 

A t a polntopposi te 

and abov. the middle of the retl'actorS. 1t .pue. ;thrcugh the 
,~ ! J', I . - . 

ventricle. 

A,f:te~. thl.,. ,1.\ continueapQuUr.io:tly g'the l'ectumt'to 

term1na~' en ~e; ·PtJstel'~ .. :tfeeO' the posta.dor Bdductp~ 
. . 'lit 

musr4e, ,as' ~heanu~. The~· of the" ~. apociee 16 alway. 

surrounded bypa~t~o~. of the reprcducUve eystem" 

. Bet:aufle 0'· tha . ante:riol'ly .dire.ct.t.nv shel' .01 the 

posterior 8dductormuscl~ In ~.bi.P5Yl!&i1{fig. 28). the pOpter!~ 

regton of ,thedtftctlr.:u~J:ent tntmsUnal.RlooptJ i& nat and'! • 

. In' bath llv.f.ftg .,d presel'ved' epec1mena of tuiam1;m8 

'end preaeVedapeclmerie of' §JGeeaS8 t the caecum w_ fCIIUnd 

ta be ebaent • . . . 

. . 
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Wh.Ue glllsteJ'tlpods shaw III great var1atN in o.rganlsetion 
, ~ .... e. ... ., •. C:.,.u".. st .... c.\wQ,\· t""fr.""a .i~ .. 

and fozm,ilemelllbl"eftChs -he¥e~eeneeAVetf.le:t ~ .. ~ e_ettl~ti 

peUB.t'Rs.· f.1orton (1960) haS attributed the1r great aucceaa to ' 

thtl high deg3:es of eped.flll$aUon. showJ\by them end to -the 

different waya :in which II .tcmdaX'd themeL. g:!ven axp~~tilU.on" 
" . . " , 

(p. 48).. The most Hmarkeble 'eatul'e, which thia study 1'1_ 

rev'ulled. tethe great aJ.mUarlt,yln the structure and arrangement 

of the internal organa. There 1$ .. single befJlc anatamlcal 

plen, which is, only &lightlymodlf.ted in the different· opec.1ea. 

nowayer ,l this 18 not. altogethU' surprising" since aU the Bpec:1ee 

have III simUar made of ,Ufe1 ••• 'they are attached tOEl fUm. 

subetl'aturJI by a byssu., end ere aUeplfaul"fe1. The envbont'#Snte1 

.. conditions' ere the only varying factoJ:s. ' 

edductormuecleg. Although no ma8!1Urementa were· taken, it can 

be generally stated ttlat"the area of lnaSJ:tl.on of tho ':IdducUll' 

tltUSc108 ia pl.'OpOl"t1anal to the au. ( total length) of the 

8peclmen. This epplle$aqUallN to individuale within G specie • 

. andta epec1lnene af diffuent apee.iea. 
" . 

much largel' than 'the anterior edducto.r.. In P I'po!',QQ and 

C..meridicneU'. the antel'ioJr adductor 18 ebeent, even in Juvenile 



epeci.mena 1.e. ,theS8 epee1.,. aretypi~a11y mDnarDyal'ian •. 

A.mM,sA1eiclls· unu8Ual:tn thatjuve:nJ.le speclMns 81'11 hetuo­

My_dan • .mile tho ... above ,the 8128 15 .... 20 1'IIIDB (total.1eng\h) 

Tonge (1962) has pointed out thlt .ign.i"ic~C8 of tho 

byasue ,in ev~lut1on, frOll 1l1OlftyfJl'ianism, to heteZ'Otllyarieni_ and ' 

finfally tD moncm.y8l'i.n.tom. '. InbYG~e11y attached gentJre~lt 1& 

always thelmtez:ior half of the· attimal 'Which becc::mre. eupntsMd. 

since due to the pos.i.t1ona of' tho inhalen', and ~xhalent Cuttents 

(Yonge. 1954 .p. 4S2) tJmduct10n of the .,t.ri.o1' helf of that 

. , 

none.'" Reduction ,,1', the .... terior .half therefore, leads to en 
~ ". 

antedOX' ahJ.f't in, poeit1cn of' thebyacue and .w$8qUent reducti.tm . 

of the anter.lor adductor. followtld to it.uUJ.mat. canc:1uaicn. 

the antft'iQr adductor i8 cCNllPlete~ lost. The _W 8n$tamy 

ecnf'il'lM1 thief for at ft- b .. " pninted out, the heiermnyartan 

eoncllUDn 1tt a,WoUiO.&sl '1. trantd:tional. end that with 

incl'e8aing au.. t!! monomyuJ.an conditio". is achieved. 

),Mia»,. (nat e.lffti.ft,:,d In thla stud,y) .Ilems to be on 

excaption to this achetne. bernard (1964 i 1'lg 9d) hp shown 

thet 91 though this apt!cl.ea 1& mod:1oU.f"o1:lft ,tn·rshapa end taal.80 
is· . .. . . . 

b,ya.~ attac:htlid, 1t t. the poeteriot half oftha sheU tlllhlch 
,', : '. . ~ I . " '" ' 

is reduced, 8oth.t the posterior adductor becotlfla supz'e8aed end 

J.BSlI81lar thM the! ented.Or adduc.tox. However no work haa been 
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inhelent and exhalent culTl!lnta. 

The pccuU.ar antedody .. projecUng ahltl.f of' the 

pDatertOt' . adductor muec1u 1n Sol'b&loQ!l.SU haa alread,v been 

noted by PelfleMell . (lg11), but no functlcnill nason for th.i.1I 

haa bean given. . A .imtler conditiOft is found in at leaat two 

o'thltt 'ami11ef1.' the lsognmitonClUctaa f l!omRlfam , .. c:t BlUty!l end 
., . ., ' - - , 

, Di.ffeHncM 1n the aiz.· otth. foot •• Y I.ICeOUnt for 

d1,t81'enCh itt tho .1z, end 1naert1cn ()f' .tha f'oat reuectcl' 
. , . 

mutM:l... ··In:onl~ tM'J itPnc$.etl,. !,vHgQ.W end .i.l!iJAWlSH, 

is thelle evident. of Ipl.l tting of ~ f'oot. ftuac1:CJr muacles. 

In M~v~. the foot J:'~tl'llCtor pohnsea an.nter1011 

dl.,l'ectlng branch, wMcb zouna latflrel1y end ventrally along <the 

anbrier bYDfRI& rnuctal:lftUaCl.e. whUe only acme apec1mena of 

S1lb'19gulerl.~ posoeas e venu81 foot z:etracteJr muac1.(f:!g .13). 

'lWeI'! fteUJ!'Omu8culel' phyalbli:lo1CGl research. Ofp.UctJl.er 

.tnt.Teat, has bean'the fact tn.t theas ftlUaclea (like thaadductol.'a) 

. .er8 caplible of wdntal.ning hf.gh '.,.1onof'oz: iCIng periods 01 

tSlae. The rault. eftd i.pU.catton8 et theN atudies Gr. beyond 

,the scape tI' thl. paptaZ', but-t&e relav.,t 11t.8"ature hee bun 

reviewed ,by Hoyle (1957, 1964) .• 

The· fWscle ~idget fo:med by the. bye.... Z'etracw 

"ccl_~ . '" osentuall, the 118119 in 1111 sped... . WW1l!1f1t9Ct'1 
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(1901) ha deeCri.b~d ,the hcreUon and fo.matton af the bynus 

thr •• ds and st. intM\l8nua1 groove of the foet, ecr ob, • .tvatlona 

in the lab=ato:ry 'have ccm'~ad that, dul'ing the 8f!Cl'au.on, prcce .. , 

teneienin,...up of the thHada tak.s,place. Once the1'Jzat b;va.a 

thread hd"been 'bed in po,U.ttcin. tt-wi an1Ml'crew18 "'1 11'GII 

this position ~Unti1' the thread become_ taught. " The, Betond 

thread 18' than' secl'etitd. ".. This process 1. continued unUl the 

'an1ma1 1. 'U.l~ seeul'fld 'to, the .Dtreu. ThUG apPeal'S to 
, 

be no 'hed, pattem,4n the -.mtiorl of the th~aad.t end it _. 

noticed the~ dUring the tensl~l~a-up proal.', ~ of the 

ex1.Ung ~~. bee .. aleck. Howava., functional thn8~ 

al.~Y' 'epp.eh~ to be taught.,' ~lthcugh tt'1a. tha ends 0' the 
"to " ...... \\ of 

byDeu, tN-Md. Which aft f'JJcefd to the ad;u.uetum, ,.Jw __ 1# 
. .. ' 

~:i.nt. ,the' byesus retractc:tr muscles opel'ett lIbout the" by.sua 

atem. thtewould .... thet ftOt DnlN, J.a the' bysaua the fixed 

point. about which the pot.,th ~ ere o:d.antated (YanOfJ, 1954), 
. , . . . 

but it NY also 'be conaJ.dend "'a the fi.ed point about wh1ch 

There 1s no doubt t,,*~ for bastc mGV8mltnU of tha 

shell valve.,' the anteriol' byes.. .auctor .wecl.a are d£.agonally 

antagon1aUc to' th.jX).~ior bye..... retractor IlUscl.. i .... 
"'. ' '. . 

tbe, left anterior byisus' I:&trectm:' fMlac1a tftlUld be antagotti.sUe 
" , 

to t~ right poateriGt bysaua,retr8ctor muacle. Such eo~t. 

, 01 the ahe11 valves arepresullably Z'equlred when silting 0' the 
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wss.,l bed. takes ;pl'ece., since tht!!t animals can only survive •• 

10.ng as th8)' can ctmXDun1cate with the exterior by their aiphonlll 

cjlr.n'i.ngiS' (Dodg!!lon~~ 1928).: Oborvaticnas.n the field have 

confirmed that fel' .C.mu,i~19n"&!at le.st" then i. •• general 

,movement f'J' shell v.lwa 1n tho mussel bank" an tho incoming 

and outgoing tidtta. IUSc Maas, (1942) hag l'eportad thetjuvshUe 

sp9:CiMna of tl.eduU.!. ean orientate thetfts.lvn ,80 that thIJ umbo 

1s pointed dG",*uds, and is lurrounded by as 'lhUch at the substratum 

•• pc.sible. ,Perhaps ·the Jlntagon1et1ceUy erranged byeua 

lena in the labcratqry have .~ that shell IDClVefI'Iflnt brought 

about by the by.DUD l'8Uor:= RlUacloa is alight Ii 

T~ byasus retractora cOns1at of 2 ot 3 petre 0' muscles. , 

. ' 

two pairl).. wh1ch ,ineart on the shell .t tNt apex of" the umbo in 

IllOd.1oUfcrm aptICiea, or Just behind thwa umbo and adjacent tattle 

ligament in m~tL11fo~ specie.. Poet.%lor byosu!!l retractors 

':au aloopreHnt iIt a11 IIp-ed •• , but .in eOfW, P,P!E"'.f:hv.f.rqA.iI' , ., 

;potJterior retractOh 81'e cl:ganieed into two· aepuata end definitll 

groups. In tho. ca.ea, a pa$r of ~ bys8Ufl :retractorllUsc1ea 

18 di,,·enntlated. It muat be noted that each of the muscle 

the dol'sal byasuereuacu,z,o cf p.p'ml i8 u.ually campodd 0' 
3 - 5 flUcb muscle bundles, each of' which has ita CWi ar •• of 
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insertion_ eo that tMUaeparet. eC8;r:sare easily :a.en. SmaU 

nocreouG ridgeD oapal'tl'te the seers f)f the individual bundlea. 

%h thoee spacl_ without e darinlte paUof dorsal 

bysSU9 muactol' mUscles. t..jf:IQ!U&'.§i"smlus; SttzAesLl,ry, 

'and USt,Jluly C,ml',dlJlrl9!&!. and A;!l!!g~M.&C!!i the pDrated.01' 

bYDSUS retxactOr mt.8i:!l~j;1'l .splLt I.hta numerous bundle •• Mbich 

inaI'rt.ott the sheU line line of uep&rate $Cere' (,~;maA!l'l!l!s. 

end £-meridi9flltu}ot at one 81n918 ffMundedacar {L.;ca9!lls,& ••. 

S;bl1oct!~ and ~=9&!m.YI)t "'whiCh .is tJppoa5.te the peuterior end' 

, of thn 'U.g_nt. Exelftin.Uon of the nervous ayaterltof tha by .... 

retractcl!' ~c1e8 has revealed that tl180 tbraal end poauri.or 

by.ous I'"tractc:u: musc:;le8ar-einna.tvatlld by a .ingle paiz'af nerve., 

nervea. ,In eU cases, the dors.l bNSsue retractor nuve ",sa 

at ... U8l'!..v enanged, in thai onc:ePdsing through the mu~l'" 

V, nerve. '.,.h 91ve~ ,,'f'rom it to" each' of 'the tNaclebundles .. 

'No diff"rence in an:en~ment t),f \he,s,. brancbeewu obcltl'ved 

eithe% An 'f,wma (fisperat.e dcu:ul wscle) or in ,,A,mu.1l.!nic! 

,and i:uaR!!nftis (no separete dol's81 muacle) .. 

,tt would 8ppear therefore that the associettch of 

muscule bundles into dorsal and poste.~.iOI' retracton I\eo' no 

" , 

. bundles' of thft postedoi:' retZ-4Jctor into a well 'separated dci:IIal 

I'etl'-=tor"1s only' of functional eignlf'1cence, to the ,.,iul. T"18 
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18 StJpllOr.ted by the "feet that ~ postarit'n' byseua,retrBctor 

.mUsCles apPl!'oHd ,tD b.aepe:r.eted into 'nuft!e1'aua ".malle,,· bundl~. 

in' 8pec~tt of A tmu!ll,gisa f'JiOftexpooed loc:eU.tiea, 'WhUe 

.. the 81ng~' C~ ... t.i.ntmU8· .• c:~w •• · found' in 'spec.lmim8 of' A,maQ!llmiy 

fr:om les8 expossdlcscaliUes. 

, , ' 

groups 'Of, the ,pos,;'rJ.ar byaaua 'J:$~.ctor.) 91'S pCl1'hapa :themoet 

.bnpcrtent muacfee 1~ the 'unc:ticn'~g of theb,ysflua,as e holdfut, 

fez theynt elmo.t dlZecUy ebcwe- the b,y18US etem,.nd can 

therefozae)(et't ma.:imum fore. ti~ the 'bysauathJ:eads. In both' 
, ' 

f.e-rna Md!,wal&IDW.;, theaemus.':la are fall:'lyl.p. 
c....,. ~u,,,t ' 

suggesting tha'tth •• e apac.{es:;9!!e lSt:Ib:;jee' b strong waveactkift. 

Thl& .let found to be the cOlSein their: ecological d1auibution. 

On the .Gt COdt." A!I~ics. cccu~s 1n more 8kpoaed loct!ll1tiea 

thStt£.meridf.gDH' •• tliltiUeonthe iJeUt~ coaat. f.pru.'DA occurs ,in 

. the more e.posed locGutllt$.~16o"onQe (.1961. PQQOn$l 

commuriicaticm) has pointed out that .,.!tdulL.,," the coast 'Of' 
.' - . 

. t.11fo:mie . suddenly' «;liv.splece to B,W1fSl'n!!DM!. wheJ:e expOllUl'e 

exceeds acUi:ain point. The needs 1'or atteehnrent a.tetbo 

"erydJ.fflinnt in·dlf'fer.ent cu_e .. 

~ . . 
" ,.' .' 

al':tteZ'i.or bysauez.'lftl'sctors may thenbei e)C.platned 1n tum. of their ; 

envUonmtmt. Tn18 l$ptesof'itfld in • ai'MpU.'lIIdmathentka1 

tna.tment below, whUefcr thepvrpDps .f cmperlaon# th. bysfiUs 
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stem 18 tMen as a theoretical ftxedpoint, about which the 

retractDc rI1Usclaa oppBrab. 

b 

I" " 

" , 

, . ~ 

~
'M 

-' .' .' 
, . 

.' , 

, ' 

.. 

.. 

. 1l.c~"· Df 'ta. ~tr~ __ U.rilngo' the .. hape. flow trom 
, ..... 

~ one diucUt'mfagsin&t the pOBteri~ar buf' end) ne-Lba 

considered.. feE''' flow of WlJateJ:" .. ith velaCi:t.y U.a dtagD 18 

.• )(peritmc8d by t~ b~dy. AssUMing that the muRlotl only eJCa.t 

a fo:rc!, by contl.'ct.tOft.the uwsclea with unS1m~ 12 andT3 de 

not'influence the drag n&.i..tenca, einCa they act in tha ... 

direction.. ,T.... dra, D i8 therefOR cOunteracted by the I'IUSc1. 

with tensUm 11 -

u 

, I). '1 COlI ott •• ~ ......................... "" •••• ,.(1) 

The dreg .in 0 boct.Y epf)l'Ox.l.rlatel)' Sncreeses with· the aquw. of' the 

. velocity of the wetel'. 
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cas oc: \ -.,...-..... .1 

i"e.a };)3:-e'lter ftsistance to the usg can be obtained by 

.. de"eaBitlg the angle. Ctt.\ •. 

This means that a greattll' apeed af watu '(en~ subdJ8quel':tt 

drool bay be restated by haw.£r;Q the enterioJr bye .... ottato!: 

wIele pO'sttloned a& fez anted,CI:'ly os possi.b1e 1.8. ~I "rP. 
. . ' . 

Se.1dea the cti:'ag, the body' wlll also' expel'ience G ' 

.. wrnJ.rig . fl'ltmlMt·" about • the point A (the anterior end). Yhia 

. mo~"t HwUl becppond by th. forCas in the mUGU". wtth 

tendons '111 '2 andT3" " 

end T G,," 0(,.' ---...... T U.n aUthtea caDeS) 

i.e .. · ,'89NBtu hl8.i.Gtanceta the~rlt :can 'be obtelned by' 

lncJ:'eaG1f:ig the angles ,ex. I • K...., IX. ~ 



. F orca d1ap_ at the dkectiCln flnd .uengtha.of' the by •• usa 

. J.'euactor ftItIIICles of one vat_ ••. baaed an .aaur8llenta 'J:0Ift 
",j ',' til , 

D. .&a.lcsmvl !,a.,&m.!sa . 

t. 1=b2Z'evUW9,!eE.f.!.U.snat.i. 

. . 
surfaceDf the .t;pecimen) h •• been taken fnm tneuureatent CTable 3) 

The stl'engtha of each 1IUacla, . coZ'&'Oapondinv tathe thidcn" •• ·of 

the drow, 18 equivalent tathe d18pl~entVDlume 01 that muacle.· 
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o 
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/ 

------------ ---



so, 

. GpeCit'anne of' llaQ!!5'll,L &tlC$eUmicl and i'~QDAMI. of _ . 

appmxJ.mately the .arne aLztt. ·TM posJ.tJ.tm of t'he byaoua stem 

(8) waB fi~.d at • 'canatant po.tnt. so that thediatanC8 An ". 

equal to one-third the tota11ength. The poaitione of tlWl 
,. . 

lnUacl •• warecanet&'ucted graphJ.eelly 'romtheea meewrementa, 

end the lWa~agl'.!l "alue uf the en91Q cslculated. the .. &1'8 g1ven 

in Table 3.. The d1eplecanent volume of each muscle bundle bt 

. every specimen .,es f'oJ.ct, this volume ccrtaPonlSina ta the 

relatJ.ve 1:ftongth of the mttscle. The dUectlon of tenaion 8nd 

the relative strength. of the by8SUS rot~actor musclea in ftSJ!m .. 

calculated '.rom lOsp1!cimefte (55 -. tiD .a) of each 0' 

0(.1 o('z. oc~ 

f.flIJlD PYA. 32.0° 14.0° 48.50 

,Al'11S9!!!t:t8 .J9!9cllm!se 29.tJ '2,0° 41.0° 

. Cll9rcm~tUus .m!ra~A!!:t 
0 44.0 63.0° 47.rf· 



tlJnd, thet'the rcl_ttve 1J,~cngth.'of ',thto IllUscle .rethe a ... in' 

.11 thte." .pec!".:,iUt~oh ~~1'8 era d$.ff'erencj!jSin,~ne 

're:lt11Uve' auengtheofthe ~ta:;£crb)l$9".I'.tlil£lU#, J:l\Usc1p, 

thostS sa cpnlltant in, pt)s1tlon,' ,t.,aaeh 'Qf' :the, ape~!ea(T.l. 3) <II 
. . .' '..... 

(ll) " 
, ii.low, 

, i.e. that thedrag'1ethe _H,l.pattant'factol'~ whbn tl~ 

velocity aT the JfGl~ ift'C2:ltaeaa." 

lhea'cl'e in those ,,&pItCH. U.uJ.ng in. ~ntpoa.d1Dc • .u.Ue •• 
" ,', , ' , ',to' ' 

, the en.lor oyasue huacto1', MiedeMe.'". lnlertefj on the 
., " ' 

It should bllnatedhcw",u, 'tllF~t ine.I!!!m§, the Qng1e 

1)f the doNal bllQ~ ~reetor, muacta 1$ gr.ate. than theun;lo 

,in a.tnagfiUanU' and ".n.dirmtUt. ,althaugh thlil :relative 

strengths of thtsmuscle are.theeeMe in tilthr" apse ...... and 

that the J:.elGUve auengthB' 0' th8 poatlri,ar, bydUtI, revactOz. 

MUScle are gJ'.aWl\' in Ctpem • .,d A .. msdle&sl than'!n 

Car!d!mlali,:q,. Ttd.s ~ld GMID' touu.fic6te-thatf'cr tltt. 

perticulsr .hape. -the ~t M :inCll'-__ in ~ eample)C .,.nnel" 

with thein~e", in water: vil10elty U. 

ThliJ: •• aan why thBra are neW,t 'leu then 2 -..scl. 

. bundla '. in tht! pastet.'lor balf' of the sheU. whUe. there may be. 

up to 7, 18 hat t!~:i.de"t •.. Preauubly.,.p1i.ttinO of the tftUsclee 
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into aeparate bundl .. occurs .hen more d.gidity for the body 

i_ requ1nd. 

However. it tnUSt be noted that the bya .. a aU. doN 

not nec .... d.1' O~ at e diatance .,.....,.,third thtl total lenotb 

'1:011 the enterior end. Ttl1_ d1at.nc. Wd arbiuul.ly ehoMn 

~or the purpoaea of canpal"iaon. The ahall IIOV •• E'.letiv.~ 

to the bysau. atllll, ao thet the angl.. 0' the byseua reuector 

.,*=1 •• ere 'continually changing. The ducuaaJ.on therafore. 

doaa not att.pt to dqcr~ the sKact funcUon.1ng of' each 

1'fIUR18 or •• t of' -..acles at the by..... It $.a intended to • .,.,. 

that the orientation of the h)'Uue llU8Culatun, at l_.t in the 

above thr" .peel •••. uy be ral.tad to acolcgic:al heb1ta<t. and 

that while there may be clifferencea in the position 0' the kara 

on the shell valve., thea ... y only be 01 functional iIIportanc:a. 

The .boY. diacu.a1cn h •• dealt with the orientation 

of the byasua ntrector .. acl.. in relation to the ruletance 

to water IIIOVtIMftt end "eve action. It haa been "'9VUtad that 

Z'ealetenc. to pr.datcre •• y evan ba flOra iMportent. However. 

Yonge (1962) h.. aha.,., that the by.SUII is an _nntiel agent 

in stabU!ty during Nte'lOzphoal. of the poat-ldve. He point. 

out that 1ft those apad... in which the byasua i. retained .. • 

neotenoua atructuZ'., i:t beccJMa 1Il."ively deVeloped and 1a 

-capebl. of _intaining the anJaal. agllin8t powerful ",atH 

IIIOV...-nU- (p. 123) end .... y be essociated with the ch.ngtt fZ1* 

an inf ... nal to an apJ.t.unal. tIIOdeof' l1f.. lld.a would au99'" 
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that Z' .. J.Gtence to· predatozo8 may be af eecand.y impozotance. 
, , 

. (: ., 

me Cepe I.'Ock"!'lobater, ,I., "'lCd',. H one 0' 
tNt moat'1cftporteftt pl'l!dato~. of A,!I!89!Mtn"'- end £~UlPE1Qpnpl" 

" . ." , 

, i ,,)f, ' • . . . 

(Heydom .. ~966). He 8tatent (p. IT.,that fltnuaee1. whlehfIH 
. 11 <'. :.' •• 

loosel)l· attached to the aubstl'atull.by theJ.l: by8,8US th~.ad •• end 
, , ~ '. 

which can thef:af'Ch ba 'handled· bytt.e rodt-labatel'.:ere 

aelccwd for feeding." The. rock .... lobam 1IIGfttJtt~ .. the mtJDBel 

lnue su'tabla po51tion and' attacks :thebl'aad p"ated.or end of 
" 

the "elve.~ Hayc:k:lcn (1967 ,1 p8nonal. cOmmuni.C:lltlan) infCftlS .. 

tha' the mue8C!ltJ are'. ettachtld to the eubanai:um during the . . 
who.l. ,.ding p~... and that . "'loaSaly attached apecimena" an . 

, s~c .. iV'Aen. 0 ........... ;"'3 i ... h~i.A"'A\\~' ... " . '" ., ' 
l:"ctWa,aUy eeett""!", a~_Aa .rather than thace in c1uatear8. 

Then b however. no evJ.cIencff to eubstanUate t .. feet thet 
'1~ ... i ........ o"-u., ... '''~ il"\d' viJ ...... \I~l .' .. 

iAdJM£dweJ.ly asc;u~ !!If58S~a ,are moH1ooeet, attached to . ' . ' 

,the eub_va_, thEllnthoae 1nc1uateH.. ThU_en.t~2:afOh 

th.t __ la 'whl«:heen be .H98UY menoewVraG .8ft. 881ected fOl' 

feeding .. , i.e. ~ ill- __ ..oeH&. \)teg_tau,nels 1. 'of survival 

value, tthl1fJ the eft.cttvenusof the bysaua J.8 ~ 0' , 

secondary J.mpol:~ •. 

. j,'SEI'lPl!-S.H9R!V@ and 1!,¥kg,Uje ereeesenUa11y .1m11~, , 

. except that the length' of the lOOp ot the intestine .in elssi 
, , 

an,d r:t.VH;qQ1n.1$ ~Oc. Such. difference me" .0 •• 

secondQ' et'ect of IriUftCle po'!1Uon. 
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,. '" ' 

, !d!l'iSWf! ha'" a mo~e _wd.~ ins.tionthan bI· ,heatha" 
I '1 . , : ' 

S.t.ncet"$' 5.ntedti.ne u looped withinthifl 
,. , 

, , , 

Tho eU.~tu, canale rtf '.&.mpg!ll!l!lim.l' end fi.bll!E4f!1X'£! 

'. de entirely di"erent, ~ theebovewmentiMed spede.. . . fhU 

, ct1.f.'ere~ TMt.Y involve both epeclf.s.c differMCeD (the absence of 

• ceacum),.end the GeccrWaI', effect ~ waSle:!. posiUcn (the . 

, hoz12ont$1 1~ of' tt;t- Snte.Une). 

. \ 
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A. 6D" 

As bae baen pOinted out above (see Musele tmp:t:ea.iona). 

the pl'eSlmea of t.,19 MlJ8cle in C,MI'WSitaits va descl',lbcd as 

eal'l), 0'.1926 hy Swart. end since the eel8%' 1m: this muscle wae 

ebsent, in all the Gthu speci.e. cue_inGet. en itlVBstigattan into 

the ~unction of this muscle was deemed necesnary;ll According' to 

Swart (1926 , p • as, ,this, mUscle "obvUn.tul,ysm:vaathe pul"poae 

cf opening .md 0108ing the mouth b~ relaxing and contracting 

respectively", but lIucll a atatelM!ntwaft'antf!Jd & more ~tlcal, 

exam1narl:f.on. 

The oral ecnUec-toJ:muficl.e is a emaUpail'edmusele 

,art.lng '~f:Jf(J the antetiOl", bord~ ~1 the PI.'Oxirllal end 0' the' ' 
. ' '. 

upper leial palp on each aide,: whue the latter 18 eonnuent 

,wlth the f!iuuth 'fig 3U." It.inSsHs em the eheU. at the poSitiOn 

01' the "r~ ctmt~, SCSI' (fi ... " 4) .wh.tch ,te 1I'lO~ antel'!ody :. - ' ,-, " . -' .' . - ~ 

~ed than 'the ented~bYs.u. Htl'Ctor .car. It £s pc&oible 
, ' ,_t ... ~.,~ , " ' , 

to 888 this flItISClelMH .in l1v""9 nt.tortol. f:a:r once it ls tol'n . . . . 
, , 

" from J.taattshmertt to the sheU. J.t witbdl'awa into the ti,esuea 

~f the labial palp, whence it azoian, and elluaef!e are eu'beaqusrttl, 

'last. Th!! ltIU9Cllit .it 8tippUed by e fterve Whichel'lce. in 'the 
, f . .,' 

~eH~l Q&ngliota, ti~ng with thO;' anta&'w pal,11e1nerve, with 

lIfhi.ch it 1e ~fluent fOJ: aame distance, ttefoCfl' eep&r$Ung to' 

J.'Un the length of the muscle to i1:8 in8&Z'tlon em the 'OMU, whUe 



~. seen 1rcm the ventr~ a.we,8h.Ow1ng the· orig!n and inaez;Uon ' 

af the .0000alcontraCWrl'fJUacle .. 

-ft. - toot, in. lab. pdp'" inner lttblal palpJ .... bNU., ret. m .... 

anted.or byasus I'euector tnUaCle, ~ •• - oe8ttphaglUJl lw.1Sp ... 

It'JWf!lr lip,; ',up. lip ... upp. lip,' out. lab. pall' 'w rutsr labial 

palp; rt..' velve - Hgtttehell :valve, Mant. - 'IIIentl,,; s. paU. n. 
, , 

"" anterlor pallial neJ:V&:pall" III~~ pollla1 muscleS; ~. con. ft'h 



ft. 

in. lab. palp - I I'D . . 

mouth?"f 
up. lip . . . 

CII 
c: .--• ." .-
E 

I 2-0 ems I 

out. lab. pal p 

manto 

con. n. 
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This nerve 18 called the ol'al contractor n."va! 

. . '. 

Nchanica11y : .UftlUlatfJdwS,th anaadle lind eleet;tca11y at1mu1ated 
. '. . 

by meanS af ,electrode., conne~ted to an lnducUQft coll circuit, 

and the .ff.C~ of contl'fICtton noted. 

Then. eeriee of e~p.r11dh'te,' w.r~ pal'foftled ~11 with 

spaci.mim~ ., htmal'i.d&l?OaU,.;, . althauOh thsY WB.eHpeeted with' 

P'R8rna and ~ .. 1IIJ1P,~.nlc! ~Ol' Control po.rpona, to tshow the 
," '4 ' 

'eignlficenca of the oral. CCfttr8Ctor tm.A8c1~. pre.eot only in 

Spec1e8nS were kept in clean aea water, which w •• changed 
.. 

dally -"d kept constantly aerated. 'Udaa were olmuleted by the 

remOval at thtr 1Itatar fram the tenk ande)(poaU1'e of the tlU8sels 

for two: hours in every'twelve hour.. !l.Iring this time,. the' 

spec1lMns were kept molet by lnfrequ.nt spJ:lnlclings of se. _tel' .. 

It was noted that the 'eed1ngbehavtaur was at '.~ intene1ty 

-when the epecimens were ageln CO\llln~ by. sea watel' ,after 'expos ..... , 
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and can'.quent1v, the ~eeding .xper~nto were p.rfo~d at thl& 

t1.tDB. 

In the cane' C,M;tid~ •• the apecillena fOil the .. 

eitper~nta _. opened by cuttinG the pcstetlor ~duCtor ft\UHlo' . 

and splaying the valva. open.· Although this _thod we8 of ~ 

eignlf1cence,l 1ttendea to pulltha oral contncw mUacl •• 
, ' .' - . 

'. . . . . . " . - . . . 

. .ct4. Specimens opened in .uch e .enncc. we". thim covared with 

· 8ea wstH,: which wes kept eonstfmtly • .rated. Thla aUowad' fol' 
. , . , .' 

• recovaz.y period, UfI"call.J from 15 ta~.tniJte •• 

. In theuexpu!.nt8,. auspanaiOft of' carmw particlea 

· UHlee water W88 us"de.a subatltute for f'aCld, although sta" 
. . ' 

. egos, and ml1kat.olned with ConO~.di W$J:.8 fila" Uled. Due to 

the metho1l of o".-n1ng the .81v .. , the .oral COhVactor tIIU8Clea 

.ware pullBd taught, aa po1n~d aut ~'WJ. EJ(jJel'wnttlwre 

t!nt perfo:nacdonspet:s.men.·!n whlch tneDral.Ccntrecto~ muscle. 

waa .1eft 1ntectJ.... in tta taught state "ettnuuted), and then 

· an spec! .. .in 'wh.f.c~ the mUscle had been cUt. In all expttrime,.ts' 

the cli¢mineputWesWfte tJllenBpa.rted to the palp8, where they 

wen acrted end then either l:l"jected (:tegez:ded in the enalyela 

as IIl'ICIt 'ee:d1ng.' or. tZ'8Aej)Drted to the mouth and •• taft. The 

p%8aenc:e ofcU'I'I1ne pal't1c::le. in' the pcnichea' of the stctnach wn 
. . 

. . 

ean"l'Ift8d by d!aslSction, and . ouch. spec.iuns were then" .eld to have 
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, ,5maUqusmUtJ.ea -of thectlt1M.ttela •• watar fru.pensi~ 

were used at It t.lme. cince it was fOund that large quantities 

tended to clQg. so th.~ the 1IlUCQult.hreed wa8a1Jftply HJttC.ted. .. "; . , , . . . 

", ;' 

Observattttnaon the localltieiJo' ',."EidJ.sm,...weh 
responsible for ~h1. sari •• ofexperimente. 

In'thie e)(ped.lI1Int. theflp~enfJ Were not ~n.d in 

the u~ua1 way.. ' ,- The 8ntatOE' poini: ~f thtJs:pKiftilen was ewt aff 

'in both control tine! eJCper$.mertt.l _n1rltel.8. Only. .mall te~lol\ 

,insarUon of the orolc:ontractol' 1lU8c1e. In the eantrol animals 
,- -

the- 01'111 ccmt.:aetol' ftlYBCle was kept intact, bUt in -, the e.ri.tnent-

81 en1rDalll .• this muscle wall brokenfl'om ,it. attechmanttD the 
. , 

.hell. Th. spectlllJ8na wer.t'hen pIeced in, e tank containing' cle., 

sea .ater • .mien Wy ,changed, deUy and kept constantly aerated, 

101' 2 to 3 ,day.. Tidea were, s£:lfitd.ated.- ThiS period was to 
, . 

'aUow'or any sand p_ti~l .. present .lft the a11raent8l'Y canal 'to 
, . --

di~hQ"~.'" -
be e'Me'£e~ed. All the ap.c-1mene Were then tl'anefftl'ed to • tank 

contoinino ._rated •• a WiltU. 1n ~ieh fine .. atnd p.l't.i.cl~e h.d 

been placed. end kept conUnua11y insuapena1.On wtth thea1d of 

an electricAl stirrer. Aftar2 - l hotIra, the 8pad.lJl8na were 

"t.lmoved and theU stomach. cut open, to ~t~11 the presence 

or sand pacticlea. Due to the feet that thera Might be e 
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positional ef'nt in the tank t thJ.e 8ilpel'lment wae perfortJ*d 

'!aice" i.wolvJ,,,g a total. of 14contl'ol eniMla and 14 i.nwhich 

, , . 

In tho cue 01 td?!UilJl end !tmBlI.m&Pa. 'an _s-ated 

tank of •• D wet .• ~a ¥Qed 1n w'h1e:h the Bnnd' lilies kept 1f:t 8Uflpenlton 

witb ~b. Md of' .n. "l"~1cal stureI'. , Specimen. were pieced 
• '. ,I .' 

. in this tank .lntact," and lett, 'O~ ! .;. 3 hotirG, :80' that' feedJ.ng 

could teke' place. Thtlapec.imena wae ttwn ~.ected 'end the 

pr881tftC8 or esen. of sand 11t the a_ach recorded • 

. Th5.s eXprJl':i.marit ~a, Uhde.rtaken aa c~fUat.tor)# 

evldencs for the function of the oral conuactar muscle., 
r '. . • • 

. . '. 

'1m!G toW length) WZ'a collected in the ,field, at each ,of three' 

. different level_ of' thee tides' 

.' . . 

tb} 1 hour before eJCp'OSUI:Il en tn. Outgoing tida .... When the muaad 

bank wa~ juet COVIIftd by fila water 

(c) 1 houraf'tar sllposun on the Ancamtng tide -,Whim the mushl 

The apec1nle1t. ~ kUled Jnsbntly i.ng~ _,t.,,1 8lceh01 

to prevent clefucation .Eeh en1mal was ",.-avec:! froa It. aheU 

'n the labotatol'll. and:thIPoughl.» weti~ un_ ",""ing "ate!' .. 
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It .... ttrem placed·.in a BUonO 80lutkln ofbul1:l.ngaodlum 
. " ',"" ,", ." ' " .. 

hydroxide end dlssa,"ved. The r_~,"g s-.nd, :trOm, th. 
o " , J. t 

. eU'l'Ientaryeenal,. waS .t~n collectud by fUtration,and. he.ted 
. ,""! ; . . • 

'to conatent weight. 

length) were elsa ~llet;ted .mdtr.l'i~ted to ~he ,laboratery. 

Hara they· waJ:8 d~vlded into two b.tch_ af 50 ~ •. each. 

(j,) 

U.i) the tJI'1'Ihot;es in front of the 01:e1 contrlicto1" t'Ntlc1& wal'e 

reMOVed. but the oralcCmtracto1" muscle was l.ft J.n'bct. 

These spaciMns ~fJI':8 kept in the laboratory, uridel: 

tidal. condition. ,f'cr3da.vs, unUl byaaa1. .Ucu:hment was 

. achieved and all tJ'aCes of send in . tf'ta. al,iMente:ty canal had 

dl.eppea:red. Thi., w. dane in platte t:sya. . 

, , . . , 

. e".tme1a wen taken: back to their laca11t, of collection. and wua 

fixed in pout!on by half butyJ,ng. tho vey8 Jon .1:h8 .Md. The 

tide wasa110wed to .,.~ ov.r th.tra,p and .fter .aper.iod of 

1 hour. 'the . .nifltels _J'e killed. The .pecimen. wer6 ftmC\ied 

from theu oM118 in the leiboratol'Y end F0CU88d .as b.10h. 

The sand was heated to canotent weight. 
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, , " . 

U) tkWm"&M ft!SIe).ecEi¢ sUgyldipn 

When the. tdught ol'd ·ca,ruaetol' · .... ae·,was ,pl'Uked 

with a nede" ltconthCted, end in tNt majority fJt aurpedUlenta, 

~J.s was acccmpo$ft1ed ~Y en undulating ll!OVetnent 1ft the cuter 

labial palp, with. ClJ1:1lngtHlck oftha mouth cormtH. Ho 

conclua1ve evidence could beglaanad fram theM ex~d-"t.t· 
• , _w • • 

el(c.tfo~ th. feet thatthS oZ'al. contractU' aauacle may elOlle the. 

,'~th bycantraeting, ea·· o:dglnall.v pollt~ted b, Swut U92fil. 

'. llespite thft fact that. glU8"'~C89.d electJ:odes weft usad, 

together with e tIl'n&l.l· vol tl1gtt'output,t~_ the J.nduct~ coUts 
." . :. a.... the cailawent plecadsame·12 .~epol't f'ttt a res.pDh8e. 

··the :.eu1te d:tG oa 4ncnnelutiv8ae those mentumed eboW, 

probably duo .in thie caae to tt.a high speclfk eandueUvlty of .. 

. . 

. particles to ,C.MrlUsln!li, •• shown1nTable4 .. · the method. 

of'Of.Itlning the valves raaul ted 1~ the 01'01 convactol' ~. 

belng in e ata'. of tenslon: 8xper!mente were therefore 

pel'fol'lMtd w£~ ,the. muac1. intact end t.,ght. and wd,th the ft!IUDc,ls 

. c:ut and l'eleUd ... 



.T§bJf!,,4:, ["'eet of stretching (equivalent to coouac,tion) and' 

$e\ter£ng (equivalent to "elaxeUon) of. the.orel 

,cont1"actrsr muscle otPtl!!i:1deali. on 1t8, abllity to 

take up carmine pBtttc1ea ~~ thQgut. 

cut muacle. uncut .. ac1e 

(nlaxed) . " (convected) '. I 

feeding 11 2 

Not tud.lng, ' ,. 6 
, , 

Total 16 10 

Stetiattcel msm', Qf TO .. i~1 

-X
2 = Cd .. tleJ2

,. = ;,=,$=" "d). 
(tl ... cHb+dHc ... d)(a .. b) 

,', " 2 " = (~IS x ;,5 - 1.5 I 4.Sl (2§) 

1& xIn x 13 K 13 

• 1.95 for OM depae of f'reedam. 

13 

13 

2S 

,> 

The p:tobab£U'Y of the d!ffmnce, in n!W.lta l:»etng due ~ chance 

. U litH than 0.01. and the fIIuacle in • state of ~tract.lan . 

. tt.terafotG. prl!vertta pctt:c1es flJc!M enter1no the mouth. The 

',functton attd.buted to the 1ILt8cle by Swart h.926) is' 'thws, 

.SubstituUnG fine fiend for c~e particles and, 

comparing tht!! .ond:1ntske of' animal a SUb_etta-ce contral oVC' 
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",. . 

their olialconUactol' musclea, "'ittl 8nlllalstn which 'het mu~l. 

had been cUt, y1eided the re.ulta shewn in'Tele G. 

In' tho. exper1ml!ntll.themathad otopen!ng i.e. 

removaJ.;at the spexaftbe shell. ",_such, that 1.; the nu8cl_ 

$,. lefttnt$Ct. i tis CfJ.P'Ible of funcUoning end shutting the 

11IOuth. .It the mUscie 18 cut.&'t can ,no loi;gu tunctkln properly' 
. . . 

. ond the mouth renie1ns Open. 

1*1851 Canpsd.QOn between. the .and tnt_tee cf'.nO.r.l, spec1wtena 

of l!.met'i!:YAnDlll end aptn.:u.entl· in irht.t.ch the oral 

cOntractor tlUCc:le had been.oVft'ed~ , 

l 

c:.,t Ml'WGc:1e tntec-t _sele 

··sand presl!nt 6 Q 

sand ebsant a .14 

toto). 14 14 

. Xi .• ,(,.S ,J!! ltJ,5 - 7,51' p.5)2(2!t) .' 

14 'x 14 x 6 1t 22 " 
" 

.: T,. 64 fer ona degree of' 'haedom 

tot.,. 

6 

22 
-I 

.28 

. Thei'afoi'a the p~abi11ty of th.difference being due to chenee 

'. '.:i.e lea9 .than 0.01. and ,tt Sdl!mSas 1f" 'theM.l contractor muscle 

suves to clove the 'mouth· anth" ,presence of ellll partleln of 
, .' 



, 'Thea. reSults were cQmpar~d with the sendtnt8kebl' 

. intact r3pecimensof' a,dMgltl1eiC. Qnd f,2"rn,." (Teble 6J. and it 
, , . . 

was found tl)at thftte was no significant differsnea bet_en the ' 
. , ' . , ' '*."., • 

n~e.t8 ,of C:t~dApDsli! 'wj,th.~yued .ua~_'.,.d nol'mal' ~peci.fMn8 
. ,.',.., , 

,p.S!J:'n, 

A,lIIoge;y..,'a 

Total 

3 

2 

T ..... 'ft_ "'I: "'-ez.1eon 0.1 sdftd lnt,8,' kG betdf.lft sP' ec1mert& ,of , • .::=¥'lO. "'" .' _ ...... 

Tot8J. ' 

5 

S 

, t .meridio!!etU, '~1 thovered' 0»a1 eontractOl" ltIttocl..s 

, and nDJ.1ftela"ilciatens of J!sam, end &.l'lIQ,llAn&I. ' 

foW 

fotel 11 1,3 



2 
X= 

95 

(~ .!' 5 ... S)( .,,2(24) 

11 x 13 x &4 x 10 

. . 

ftO sf.gnif'J.cantdif'er~neeb.twee" k.msAdltme4&- ~1th severed 
, " . ••• • ' ", I • • 

Thequantit.tea at sandf'ram .apsc_na of ,.mr1diqn!Q'! .. 

natui"a11~ eJeQur;tlngsnd 8)tpad.mental, and.lsolatedbN balUnG 

the .Spec.tm8ns 'with ndiU!!'! nydi'Cilide and :cOUe-ctit\gthe reaidu. 

at constant weight, £,aglV8ft 10 Tebl. 0 ... 

, .'-

lable ,0. The dr~ wight of.and obt.l"edf~om 'ttl •• u.raentar)' 

canale of' ,ft.tut.l~yO'CCUrd,n9 and expu1M8htal epeeimens 

"0' C.mgri41MAA..5Cl ~p*c1menD (40 ... 60 n'IJ'd total 

length) taken ,"each ca8e. 

y 

NaturG1lYQ~ino spectmenac 

Incam1ng ti.d$ - juot eouered. 

,outgoing tide .: jU$tcovand 

Lew tlda .• _xposad 

. ,d'£y weight 01 send. 

0.190 

Q.203 

0.114 



:-:f!W.!. tho ermtinulld 

Oral contractol: "tela :£nt.tet 

t));-a1c,,"v.c:to&' I'IIUW'.cut 

~walght 01 land 

.In'gI!~5a ~. 

,0.45$ 

O~148 

One 'unction .Uributabl.eta the OJl'e1 Cant2'~ 

muac:ie 01 ,.nj!r!d!9D.!l1a t~l'e'o~, ia to Cl088 thetlOUth in 

Q!dft to prevent the' entl'y' 0' J.nedible pertJ.cles, such a sand 

into the gut. . Howvez, 8IU11 quan~ttl" of sand .. e at\llayG 

. pretre"t!" the tjUt nebl- 8}. ·The stgn1ftcanc:. 0' euch • '. 

functlan, 'in tum. 0' theettv1 tl.. and ecOlO9,V oft,* anim81e, 

wnlbll coneidarsd in the f0110w1ng di..cusslon .. 
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The absence of the oral conil'actOJ: 1IItt8c.le in· P i2mO 

and. 4.1R!9!Uen:.leb and ita pre8e~e in C.mEidimlaU.. warranted 
. . !foCo r""'''('e, of .. . ... . ' 

furthd,e InvestlgaUcm. for L tbts tN8C1e flUst b,e included among " 
. . , ' , . 

, ,the diagn08t!c Gpec1tlo eharacton af tile lettel: specie •• , All, 

•• P01nted out by Swart (1926). It aerveB ,the, purp •• of opening 

and Closing the ftIOuth. by relaxing end GOnuactinv napm:tiv.e1~. 

hm can be no doubt' that this mu8'Cle·, p""om the 
" ' 

, tuncUon 8sc1.'1bed to it b.v Swart (192.6). andthia1a shown in 

the e)(pe&'1mIrnt using ~e, ,pld'Ucles ae, a substitute for fOOd, 

$0 10n9 __ all quantities 0' the 9U.pen8~ are used at 0 t_ .. 
'When the 'muscle J.8 contracted, the ,lips 0:' the mouth are pl'eeaed 

tintly togatbet', SO that no food may pasa into the oe.sophagu&; 

butlnetHd is transported by el1iQty action toward8 tha' distal 

endS of ,the labial palpa end· I'ejeeted as pSeudofaccea into the 

, maUe c8v1ty. Mowve:':, nla)(etian of the 'tflUQc1e e1laws the 

11ps topaZ't, .and cUiuJ/ cUvtty move. the food. ecrtflid" en the 

, .. . palpa. tntothe 1IImJt.h end into the oesophagus. 

,It W/!G B1ao ftoud.that- 11'1 'the throe lipecies deGlt wUh. 

the!,ajor feeding act:tYJ:t~ took place a &hol't '$.me .f't.~ ,tM 

en1mal.e had- bet!n e.,poaed and then.raplced In ",etai', _ they are . 

at pertc,ds ot low tide. thua the lac.litle" 0' thlt .... seale ware . 
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The tm:ee epec1es or .l'Wseela dealt ..11th 1," thi.. .eeticn, 
. ·.~\""t\..e" .... " ' ' C"_ be dJ.eed.minated' ecologically as fo11mm (SteYeruUim. 1944) I 

at' the lower DalqnoJid, zane. Wheu thfJy 'oJ:m th1Ck cluatel'8 on 

t .... ~ock.. Streng.ave action eeeas to be 'eM .f the' -teetors 

J:'eguleUng tne zonation' of this speclee" ,f!.QlmI $.8 alway. ; 
.' . 

• {tilated an wav ...... hed poeiUomt on the "1lWd'df'i!ICt'J. of rock. 

and piatfottn., (see D1ac:uae.f..cfi on AnetDtlY'" 

Th" is the maId w~ter ccunteJ:'~t OfP,p8!BP. being 

'mainly diatri.bvted on the weet and south CD88ta (.ee Dietd.bu'tion), 

A Cold _te endead.c species, whtch i.e foundfMinly 

en .inshore ~r:k.. TM .• species hea te'k.M \21'01: advantage .in 

exploiting theas OJ:'ea of' rock.. whiCh are al •• t cmtirely . 
.' . . 

covered by .and • .t.fIl1OGt to tbllexc1usiorl c1&l.lothel' ~Ulda. 
lit+"I\~1\ . . . 

(i.veRaeR (1943) gou l1li1'_ aa to point aut that the occurJ:'4!ftC8 

of Gterj.Siana1&!. _11M to be f.~""d b.v the proXimity at nand. 
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This epectea .fJtVst therefDft have ,BOld d.vke whereby: 1t can' 

tolerate the hlqh cDncentrationa of sUspended DanG 1n 'ttMi .. a' 

tIIatar, which' it filten. 

,It Nat be noted however. that W.a .spacles cannot live . 

when campl.tel, burt.d tlnc:Hu: sand fa%' long pe1'1.cda. terulft 

. %DC:ks, which en co;,e.d by' .and in the summ.1' MOnth •. et 
, .'.., . . ....:' , '.. $.,~~ ... t 
'll.ndudnc, lind' eJ:. eMpc •• d during the wintu mc.mths. ~ 

lcnge (1962 • p.U3) .tates t~.t·~he Bivdv!. •• _ 

perhaps the beta' animola .. ,t .. tor: 14.1. in sott Moth,vats. 
. ". . , . . 

It is .ul'pri.1fHJ to find sueh ..,1ule, and otten with auprea 

lIuccea •• eKplo1ting the P01l8ibUiti •• of' life: on hard, eomeliJte. 

hi,ghly aurf-beaten subatrata." It .i..~.'O",nt;)t ~r11tJ.no 

, to f'1nd t.mrMionll.a in .. andy habitata. 

, AS long .. the epecimena are cove:r:ed by _tar. h 

cULary .,chantall WDfta' '01'97 - '99~ Dt the' tiM (LOt:t.anofT. 

1942)" durin,g vhtch tia f.ed,f.ng taka. Place. prDvided th.t the 

. 'cqndlUons _8 suitable •. , the avurag_ adult filtering heM 1.5 

to 2.4 l1U .. ' of water 9crhour (t .• inke. 1954). $chUepet 

(1963) hIlS ehotm .)(pel'lment~lY that tHdJ.ng 1* nat a ccntiMtoull 

pl'CC.se during thep.r1od bt aubllara!on.'and that !be$U", can 

reout.te ita 'eeding mechen!_ • .in relation to the "oad content 

At low tide.: the antmal cltllls8 ItG8he11~ .nd camc:m 
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dioxidl .aecumul.tea with!" the·rnMtl. cav1.tN_ t.t is' sR1.d tbet 

such III 'chemical change dep"H88$ the c.Uiary ectivS,ty. untU 

thta cUi.' ~ to· "Sit ancSthll oxygen .tn the t1.8u" 's cano.erved., 

Sinee the .verag. oxygen. conauMptaon 101' M,Uv,&'. hao been 
,;". 1 .' ; 

dB.sed at 22 ~ktl~ at 200r. ('NiCol, 196tH. 1t 18 prlsai.bl.e' 
I ': :: j, " :' 

that an oxygen debt t. rnenifea'tttddurif'lQ tneparted. 0" eXposure., 
, " , . ;' -

S~n.~a;tor.v exehMge _y take place, au ,the .~l··~be, 

al1ghtly cpen 4l1aw.1.ni ~'.hto entel'. When tha· tlde" d..e., 
, , . 

end the ... sse1 b .... k .te covered, thl! cUi. reDUInI! theb: actJ.\tity .. 
, . 

, ' , , 

Now coftSide:dng t"',~ucaU.ty of ",m!r44iPDPllJAl . the 

incom1ngtide will 11ft up .and fl'om the bottom .and c:Ury ~t .in 

suepen.d.on fWbl' the mu.811l bank., ,Kelloa (t915) ,. of the' 

opin.ton that 1I!lfl'lUU.ib:rancha can only'eed in eompeJ:at:i.ve1ycleliQl 

tII.ter. but nwlson U.923) end OturehUl 8M \.ew18 <19241 have 

shown thet latttUU»:anchB can :Md. will feed in, ""'tar wLtha high 
" -

',aand content. Specimens of ,£.!!l!l'ldi.onAlA! n'IW1t therefore b •. . ' - , , , 

.~d from entering the aliMent_,v c.,.81. when the tide!a· ri .... nv. 

·How ,_ ttl1& paHibl.? 

, " 

functioning of the 0:.1 contractor muscle.. It was san in 

thaloborato:ry, that spectmens of, .11 three 8pl!cie, 'aeding in 
, ' 

a tank of lea water. tended to close up to 8 .\IIaU btent and: 
, . 

, ' 

aMa Wd added and th.watal' continually.Uuttd. Sturine 



t-t .... , .. ,,~ on. ~«e.J. 

elone tJJ.thout ttw eddlt£on Q1; emuf, . dittl1flt/- tftH.~·, ,H~, . 

by means 'Of this pelU81 filterino mechan$.em, tnoJ.ar:,e,t': 

pOl1't1~lea 0' sand, are,· pJ,:t!lvented f'1'(Jml!ntering the ,lnenUecl!ivit,y 

'With the ~ha1l!nt #Ul'l'8nt of wat_.' 'Re8~te (tRbl.U) sem 

to tnd1c.tethet ,th1:Gmathod 0' r:.9!.Jl\l~1on i.e, fa1i'l;r impo~8nt, 
• • , • < 

since when the pe:11£al. mechentemts intact. only ·0.,203 gIIQ of' 

eandwao found Jon the GUt contents 0150 epec1ftlen., an~, on 

ctas~lI1rlg tha effec.tiven"aa of'thj,e mec~Um, by .t'erftO\Ial of , 

the umbonel ragiOJl. 0 .. 455, gms~f eand was found in the gut cont~ta 

of 50 epectmena'."~hc;of't (1899) ha. CtJlMICnted C).nthe '~pol'tance 

of thi. mechanistn. 

SttueUon of mucous sheets bythG ell1 .pithe~:1a will 

'tend toeaptul'e thofcod .,aJlti.c1eG (MacG1nlti,.. 1941) .,..IS also 

the 8,and,part1clea, although ,th".,1118= notprodllcethe mucous 

npta, When .i.ned.tble, ."el' Alon$ts p%.'eBent.., Ittth.iac::ege, the 

Ilftid.ency .. ~th' whl~ parUc:le~ $1'8 t'etsinad u.antkely dependant 

on the . pu'tJ.cle ,abe. The ,rftUCQuesheet. plUG panicle8. 1$ 

uansported' to the 'lablal pe1ps and the, part1Cles' sorted. 

Cnntrover8J . hall ,arisen 'aa to 'whathal' thfJ· aelac't1an of 

food by the pCtlps £s quaU.tativeOl" qu~U".tJ.v".. Lotuy U893" 

.l1en (1914) .,d. Jot'gen.., (19491 h$V8 suggested'ttult the food 

val' .. of'. the parUc1ea ,ia dlscun.d by the palps, butL1et (1902) •. 
. . 

.KellOGG (1915), Yonge (1923,' 1926J, r1eiaan C192.3) and ChucchUl 

'and Lewis (923)hlWft' falled to l1nd. ai'\ytMng. ttt~ than 8 puJ'81y 
. : '. , . . 

lI'Iechenteill. 'aalet:tl.,on' of' t'~, basec$ on partkle, ~1z.~ The 
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, . 

e)tped.inen" to bllt.ceadi.ly ta1rt!n into, the gut, and sand p.tlcl .. 

were aha,," to be preent 1n ell thl:!! epecilleno, ex.u.n.d (TablM 8). . ',' . 

Th18 would saem to sugoat that the palP1J lU.acritdna:t_ on the 

e"':. C? OZ:lI8ight:) at' the perUCle alon., and that tbDae wtttd.n 

a ceruin rGnge ere ~en ·into the lIdU:,th., Cl'lUca1 "e%"ttc1e 

" aiD X'eWned by t.he filtering mechenlam has been dete~d as 

1 .... 3 , tJcrgene"" , 1949. 1952, 1955~. Pt.1l'ttc1oo1 1arv ... siz _ 

_ e, paned 01f tt. ,pe1p. as padUdof..... l'hent mal', however. 

be senaoryt'8ceptora on the plll~ {Cobb, 1918) which distinguish 

edible frGt/t lnedible perticle.i but if the pUUclt!Bare of 

suitable abe., they, are catt.led totba IIOUth reg_dI ... tJ~ thie' 

fac:tor .. 

How in the! case of C,I!!J>&.d!!mg\D, wbe're tt. _and 

. suapsn.sion. as e1)p~xJ.~Ul.v a_led. 1. 109f!!8/U,tra (Tlible 9), 

9018 sand particlss ...ust enter the '. ManU. cavIty end Wenc. be 

transported to the lei.t4 ptllpe. whe:re they el'fl ~ted 'OJ: aUa. 

If there weo 8CmI8. milr:henism for, elos-ing thll MDtIth.Gfle)(Ce •• of 

GUch p1ti'ticlee could be Cihuntadoff ttlt! "alps as paeudDfaeces. 

A1 thm.tgh ..u 8II'IOUnu 0' e.nd .. ere found to be Fnent 1ft 

natu~al popul.~. (Tele 8), the QaSleofthefi!eding 8kpdq.lHftt., 

employing tit ..urling. sand euspens1t:m. haa ahc:t\illn that .-.cther 

ftgulating mechanhm' appli ••• 
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, ' 

lal- 2i Th. dry weight of sand e'JbtzU.nad fi:Dm watel;' a_plas 

1 

2 

'·3 

.8 

of that same' volUlla. talcen eboWi e bank of C.wiPk!ru!li. . 

on an .lnComing' tide. 

0.1172 

0.·1619 

. 0.24" 

0.1.646 

, O.2?oo 

, 0.1946 

{j~2096 

, 0.1603 

:. ece 

20.1 

Quantity afsand c.,epended in' the •••• atu i.e 9.9 (S)vna/lltl'e . ' 

Not.,' This is an _1terr figun and tdU v-lI with .the amount 

af waVllection and thedU'act1on of the wSndOft any given dey. 

It dOe. haweve~. g1\1e am indieatim as to the h1gb valui!of the 
. . . -

cnncanuatian oftha sand 1n suapane..ioft. 
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The. method of' opening thl! point (If tho &htil1obvJ.cUal, 
. -

leada to unnatural condJ.tiotta. when UIO:te .and fOi.ght enteJ: the 

gut thanundernatul'el cond1ti.ona (Table 8) • Nona the'le •• , " 

. it baa been ehoWft atatlstl~ally that. in tbosespec:i.tftDna witb en 

·£htact oral. contractOr. Nscle, tht;mouth cauldbe c10aed off and 

so p%'eVent theencl1 ·c.f aand_. l'able 8ehows th.' nearly Iwl' 

times &$ _ much sand entail the gut •. when the o.z:a1 eontl'.ctor UItIscle 

rhetuncttm ot the oral contractor musele 'U.s-efel'. 

see. to ,be that of' a "br+oklng mechant_ Oft the, 10tJd 1fttale.,. end 

in ttte pre-"=- of high concentretione ,of Gand. may clole the fIIOUth 

end prev .. ..nt .theentzy of .inedible utele1.· It.eema thatthle 

i8e'u mo~ likel¥ cccunence·· than the dlsl#imtr.etion of -tNt 
. . . 

. 9a~icle. b)'"the clU .• ted J.able1 pelpa; ~d WOuld involve. 1I'IUct\ 

. sHlplernelNous Q>oool'dtnation. Howe\tft.· it·:!.a augueated that 

this method 1)f l'egulaUa" 18oneo'''ve~el oper'ftlng simuitafteou.l~ 
. . " 

.tithitlthe animal 1.e. closureD' the .hell valves .. the palU.81 

tentacle.lew.. eecl'ettcn of IWcoua "et8 b)' theg111.· and the 

" " 

.. might .,.t in conjunction with cl'08~e ~tmf'hell valves, for, 

.. the expulsion of pnaudo'eecea fJ:'OM· the manUe cev.lt,.. 1ft tha 

light of the e.xp8l'1ment • ., this seems unU.kely.·· A .... tattlicat 

ent .. , the pupa •. 



fliYBE -U-

'The anterial" region of the right ~h.ll valve of P,pD!n!!from the 
-, 

vantral s.ld". showing the8bottn(!e Gf'th8 oral contractor 1IN9cle. . -

./ 

ft. - foot; .in. lab. palp ... 1ftner leblelpel.p, a, by.B. ret. m. 

'- anterior bysstJ9 retractor muscle; 088. -oesophagua; 1v. lip 

- lower 1ip;tJlP. l1p- upper, 1:S.p; ol4t.ltlb.palp .. outu 

lelal palp; rt. _ \/SlVd -right valve, pell. m.-palli.al -

muselos;mant ... tI'IanUe; a. pall. n ..... etlted.ol'pall1el nerve. 
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What happana in the co. of e,peJ:n, and !,!neJ.J.IDUa1 

Ecological d1.~1bution se... to indica'. that the.. epecie. 
I 

ara unau!ted lnthe .ain to .uch a .and~ ecoloV~ niche. 

found an the ... ve .... hed aurl'~ .. of mckee The •• an uwuall,y 

in the la_so Balanaid ZCIM •• Such ...u Q.l'OUpe, in tt. case of 

P.2!m1, or l:U'gU banke, in the cae. of A.R!IAIA.is.I. will 

alao be influenced. by the entry of sand particle. into theiZ 

.... \1. caviti... Ho...".-• .."." the tidtl 1: ...... to the .:Ktent 

above' the .andy wbetretut, end this water w111 b. cCllpU'atiWJly 

P tgsrn. end ! .-!!A!J,lOM. aplaying a awi1:U.ng • .,d lI8diUII, 

und .... found in thtl ataaachil of ttlr .. out of' five Spec_ns 0' 

al.iaentery c..,al. DinacUonaof theaD two apactn indicated 

that the cutei.' labial pal". .... atUchact to the ..,U. et ttw 

position on tt. comB of the Muth 'fig 32).. StJ.Mu1eU.on of 

the •• region. in P .a!nl end A .l!!lQe&J.1QA..g yUlded no r.~ •• 

in the IIOUth. 

the factor ..... abling fi.Mr.\dJp!'!MH to take full ecolo;1cal 

advantage of aanc:t.v niche., alIIoet to the exclusion of P.R!!!!I 
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end A,mag'lJmMa" ' 

• It ia iAtua.U~gtOnote tNt tho. South Ameltioan 
. '.' 

specDs, MytejUI end, ArWIW". which pOSS8aaa seal' ill a 
, '. • 1 • • • "! , . 

. 8.ird1m: poa1tton (sae ~ •. 1mpJ:fta1ona), to the oral. ccnt:t' .. ~ 

, scar Of' ~lme1'ieJ.sn!l'I, but dO· no' have' a' ~ac1. (Soot-Ayen~" 
1955), .haveb.en taken ,~ mud~ ~d Dand~ locatiuwe (Soot-R~, . 

1955). 
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Tho locelity ae1act"d .. suJ.tllbl.f01t this .eZ'u. 01 

...... J:GlMnta ••• tho outar wall 'of'. the BreahwateJ:' 0' Tllble Bey 

ftcboUJ.', lMheH it waa kllOwn that 6,lYSleJJElss' OCCUJ'~lIcS t~01D h 
. \(141l '" \0,", ... -ic'" 

,10)881' Bal..,.,id 10M, down' to a cHlptb 0' SO 't below theL~ ~ . 
~ lIe .. ~s. 

d ~ ~. flva di'f.~,t depths wan chaatJn d the .tQ~1 

au""ace bO,Werllalanold zone),· 10 ft. 20 ft, 30 ft end 40 ft bel ... 

, . 

at e.ch depth by divuu.lhe toW.lan9th of ech epee*,", we 

meaaured, inih. laboratOl'y w.ith .U.d.1ng ce1ipen,. befoD~.au­

vetlan of the material. Only epeiciDlene above 10 ..... «total.' 

lengthJwel'a._ur"d. Thoreaulta of theM maaSUl'_nts ._ 

givan J,n l.o1.a 12 ... 16 and an plotted on' gr.pm. (fig 33'. TNt 

.' ..' 

. been obtained fnrm .. ,dam tl966)lind fl'Olllthe.lliv:l.ng Leg_ of 

.'. the Oivi.ian of SA f' .1aha1:4 .• 8 (jfeydQl'n and Netll1lNln, unpubllat~d). 

Then recording, at. p,. •• antecS in Tebbe 10 and 11 .. ' 
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" 

'lO8, 

, ", . . !" 

l'ab1Ilo" Watel' tempe".tul'e. (OC~.nd $a1~1Ue. (°/00) 

recol'ded '1:'.0\'11 ,the Breakweta, Tabl. 'Bay H~ • 

. ,(after: Heydom, 1966) , 

. ".:. 

Date,' 

26 ~ 5,. 6,2 32 , 

42 

·1'17 • 42 16 

35 

43 

11 % 10 t 62 ' 35 

,,43 

2Q 

40 

Temp 

oct:: 

13.1 

.12.9 

13.8 

I 

13 •. 9" 

14.0 

13.9 

~.l.a 

9.D 

9 . .1 

o 
, 100 

' , ',! ... 
. 

,1: ... 
" ,34.39 

34.~ 

34.84 

34.88 

,34.89 

34.69 

34.1!J 



labl! AIJ Watd temp"~a' .... e.(OC)' ~IICO#dlld\ at the, aud'uco 

$nd at 60 f'below' theeurfsca ' (battOtrt). ' fftJll ttt. 

l.b ... akwater, table Say HpbOtll' ( after tt.yUoxoAend 

N.,trmlan, unp,ubliahed)~ 

" ,0,. Teu;p ,'c;,',; 
, 0 

Tet1lP'C' 

27.4165 

17;6;65 

7.0;65. 

4:10:65 

' .. 1;12.65 

12;4:66 

-
... 

.-" 

13.8' 

13.4 

-
.10.a, 

-

15.5 

15.6 

14.7 

13.9 

'11.8 

12.3 

t·.S 

1.3.2 ' 

·11.4 

14.8 

",20,1,64 

21;9164 

19~5~,65 

14,;", •• 65 . 

4/u:65 

10;11.66 

3D~3166 

5.1,66 ' 

ttottam SUJ,'fac;$ 

, ,14.5 

-
,10 •. 2 

16.5 

1:1.~ 

13.0. 

8.9 

14.4 . 

... 

,14 •. $ 

li.S 

'10.2 

11.8 

" U.S 

13.4 

13.3 

9 .. 2 

12.3' 

,15.5 

,13.6 

13.8 



,10.0 -
15.0 ... 
20.ll ... 

25.0 ... 
J-. 
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jo - ,',.: 

at the lJ¥'ukwatU', Table .y .~UI' 'in NovfJlQber" and' 

_caJb.~,: 1966,' f'1t_ ttt. awrlace .t.U,,~ (1~ 
, , 

hlanoidzone) ~ 

: 'I 

14.9 
c 

19.9' 

24.9 

'29.9 
. 

. , 

No. o'specilaene .' 

347 

214 

135 

89 

31;8 

. 23 ~3 
. . " 

30.0 .. 34.9 66 

lA~l 

9~i 

1:2 

35.0 - 39.9 " , 
40.0 .... 44.9 '22. 

45.0 49.9 5 

50.0 .... 54.9 1 0.1 



III 

, , 

at, the a. •• kNatN, Table .Bay Ha:Iboul'J.n November and 

OecembeJ', 19S~.f1'Qra: th,,10 ,1: depth .t.Uon. 

-
Clou Iniexval No. of qped.mena " ~ .apte 

in .. 

10.0 - 14.9 101 22~3 
, . 

15.0 - ' 19.9 62 13,8 
-, , 

,20.0 - 24.9 56 12.5 

25.0 ., 29.9 50 ll.~ 

36.0 - 34.9 50 U.2 

35~O -39.9 25 5~.6 

. ' 
40.0 - 44.9 25 5.6-
, .. 
'45.0 4'.9 13 2.9 
- " 
50.0 .. - 54., It 3.S 

55.0 ... 59.9 , 2'.0 

60.0 - 64.9 6 1.3 
, 

65~O ... 69.9 14 3.1 

70.0 .... 74., 8 1,.8, 

7S.0 - 79.9 8 1.8 

80.0 - 84.9 .2 0.4 

85.D 
' - 89.9 2, D.4 



., 
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'elala14ta,lItoSfllc!&!!.II'. Lemg,tha of Qpeeilmm:t Un IUd)" obtdmtd 

·.t ~.8X'lIakw.tQIf _ ' 1.18 'a.y'HaolJrJ.n Nov.-.r and 

10',0, ~ 14'.9 61 15.9 

15',,,1) 19'.9 45 
., 

lu.l ... 

20 ... 0 .... ,24;9 39 ,:.3 

25,.U ... 29'~9 . 41 9:.8 

','3;0.:.,0 .'. 34'.' 47 ,u,a 

35.0 39.9 34 8.1 

40.0 - 44,,9 35 8,,3, 

4S!!O - 49.9 39 9.3 

50.0 ... 54 .. 9 33 7.a 

55.0 .... 59.9 18 4.3 

601'0 - 64,9 14 31"3 

65.0' "" 69,9 9 2.1 
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, , 

at the i1raakw",tolf i, Table B;jJY tt.boult ,in 'November ,'and 

Decttmbn, 19,66,' f~ theJO ft;'dspth $tat~. 

J.n rrme ' 

" 15.0 - 19.9 

20.0 -24.9 

25.0 - 29.9 

30.0 - 34.9 

3,5.0 ... 39.9 , , 

40.0 .... 44.9 

45.0 ...49.9 

55.,0 - 59.9 

60.0 -. 64.9 

65.0 - 69.9 

10.0 - 74.9 

75.0 - 19.9, 

80.0 - 84.9 

85.0 - 8'.9 

,90.0 - 94.9 

32 

32 
. " 

32 

21 

15 

16 

1 

4 
.. 

a 

16 

13 

9 

13 

6 

1 

6 

3 

1 

13.3 

13.3 

13.3 

6.1 

6.2 

6.6 

2.9 

1.1' 

3.3 

6.6 
, 

5.4 

3.1 

,5.4 

2.5 

2.9: 

2.5 

1.2 

0.4 



U4 

I,e.te 16t t &mastUftPiRe. Lengthaoi spt,ciUn. (~ IJII8) obtaM.ct. 

at'U\e ~eak.atp. Table B~' tI~,in'Nov.u..,d 

OeClllUDar:, 1966, t:mmt.he 40 ft .pth *tation • 

. , . , . 

Cl.ss tntel'Vatl No. 01 .pe~a 1. Clampl. 

in lime 

LO.O ... '14.9 20 11 .. ,1 

15.0 .. 19.9 251 16.1 
" 

20.0 ... 24.' 16 8.9 
, 

25.0 ..... 29.9 10 5.6 

30 .. 0 - 34.9 2 1.1 

35.0 .' 39.9 0 'C, 

40.0 ' .,.. 44.9 1 0.5 
.' 

45.D - 49.9 '~ 1.7 

50.0 ... 5.4.9 10 5.6 
. " 
55.0 - 59.9, 2' " 1.1 

60.0 .' 64.9 11 6.1 
" , 

65.0. - 69.9 13 7.2, . 
70.0 ... 74.9 23 12.8 

75.0 ... 79.9 16 8.9 

00.0 .. 84.9 9 5.0 

fJS.O - 89.9 7 3.9 

96.0 .. 9t.9 S 2.8 

95.0 .. 99.9 0 0 



ClaQsIntuyal 

. in 1IIR$ 

l00~O -.104.9 

105,\0 - 109.9 

110.0 U4.9 

11S 

1 ·0.5 

0 O. 

2' 1.1 

~I . 



'lze diatzlbuti.cn OfpopulaUon8 o·f A "pwae,&.,+cecol1.bt~d 

f'zoom the Ib:eakwatu, Teble S$Y Kldbev:r: in' NQv~mbe,r: ,and Dec:eulbP 

1966 • 

. ,-
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AI thouoh th18 Bmi .. of ... tsuHllMmta wa. can!ed cut 

to datal:Dd.nlJ vul.tiona In aize of A •• gall!!li!C1 due to wave 

ect1on,i.t MUst b, noW that the ,f'ecta af tlfty singl, ftICtot' 

of' the envf.z'cmllent cannat "adU)' b. 1dated, The facto¥. 

alwaytt act jointl,v, and it 1s thei.r resultant ctJ.on Wd.ch 

producae the v_iationa. As yet, no edequate study hea baen 

.. ade on the jD1nt .ffect of aaveral fetau, .1t~gh Galtaaff 

(1964) hall III'Iployad • pointa ayat. 'er h.f.a etucU" on 

CraM.uN vlro1nig. 

Veri,tiona due to \he cnvi~nt .anl, •• t themaelva. 

in bivalve. with both changes tit the shape 0' tha linimal and 

chMgea In the .. ate of o=wth. Orton end A .. aU (1926) found 

tM" In pa •• angul.", ep.c!_n. fJ:Cla d.epc water had b~ 

ahells tt.'t tholl. from .he1low •• ter. However. thay offu8d no 

expl .. ation tor: thb. ...., (1934) has .ttributed diffezencaa 

in the ahape of I!1!r&td .. Nl'&lW- to taperatuX's, while at.Ung 

in 1.ter paper. that the neture 0' the aubatratult and other 

c:hhica1 condi'Uone of the M. wat .. e1wo conu.lbute to chang .. 

1n ah •• (N_ai, 1935 a, b). Fel • ., .. r (1893) h •• ehowl that 

1n .. ,.ala, the ehall fOZM .i.e influenced by the 1IO\I ... nt of 

watar. 

Since it ie reported (WIIl'OI'd, 1,.6) tbat the td~hB 

the growth rab, the greatar the ulUMate langth. environmental 



" 
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lac tors ,influencing the' 9%'Owthrate1n 1lIU5eela have been $tudied 

(Genovese. 1956 - i9S9., Ried, 1957; Pl.e81e~19Sa: ... ,aU 

.s given in Allen. 1963). f'oxand Cae (1943) have' shown that 

there i8, 8 ~era1posiUve correll!tion betweeniftC3ement in 

growth and, ,average. I1ICInthly t_pe~atU1:.. with .. decQue du:dnQ 
, 

the flJDnth with, higMst temp.u:awl'e. Dodg$)n(1928) h.s nctao 

th.t musulacen function be~en oOr; and 20°t!'tbut 1t appell1's 

that temperatures bet~n looe an~ 20°, are· opUma1'f~1' gl'dWtb' 

(.Coulthud, 1929). 

(1698) found that ,thesl.ala iftvenaly proporttcnal totha' 

so.li.n! ty. 

'Field (1922) 4,$ of the QpinlOn thet .ood supply'. 

the chief factor ,inf'luitneinggrow1:h. ,and Ba1l'd ' (1966) furiher 

ataus ,that' th. ~~u:.tur.ahB$ an lndUect ilnfluence. 'in ,thfl 

"tt'af"feetsthe point .t whit:h ft\Us,8elawill ,fead. A1ao ¥'elatetf 

to f,eedlng :1e the fact that UlU8.el_ c:anonly 'f.Uid 'when they ar • 

. submerged, so th.t 3peciwsns 'whtch are ~getilfoJ:' longer 

pt'tl'i.odllehouldttaV!l en :tnc~ed ~t'OWth rate. White (1931) 

fJnds that, !n.f!.edulil,GMallfb: apeciNna ere found 1n deeper 

.watel'. but rield (1922l,Cou1.thard (1929), Zenkevi,tch (1963) 

end9ai.rd (1966)fin~ that the .l.rg .. t apec1mene.aa found below 

the :aul'taceof 'the .atc .t lW5T. 
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Lemy (1936 .. 1937) :repOrts that wev. action ."ecta the ' 

, 8ueo' the taft.al.' a1nce the, ftIOvement of' 8U water Z'enewa the 

supply ot'ood. Nence. 1'-081' specimena should b. found ,in, 

mo:r:l!! exposed Z'80J.ona.Halil1ew:r:, fox end Cae (1943) have shown 

thri elC'pMure to .. eve action nduce. the! aua, ..,d thatlQUHe1., 

,axposed to heavr ." .. , grn 1RDr:. slowly ttt.n thou , ... haltered 

'posU1oos., The choice 0' theLrtwo locali.ties in ~ c ... 
. 

'wa9 unfol'tunete, for: they WIJl'fJ widely "Pdl!lted end therefore ' 

MJeeted to ,other envbomenW cUf'arenC8sbd1das __ action. 

Th. :choice of'the 9J.'ee1<water', at feble Bey ,tf~ III .. " 

Madebl!caun 1t lIO knc»wn that the apecl_ conce1'nad (A* •• ;Wfic!) 

he a I_V. var:t1eal range in cUBtribution. It oecum for. 

tho 10lrl8l' Balanold zona, do.., to • depth of 50 ft below the, 

, surface of ,the water .t LW5T. Theft can the.ton be no ' 

v81"1atJ.anin feeding time at _tattaRs ether than the lower 

, Delenold zona., for tt.a., Gtatlons 80. CORIpletely eubnergrNS at ' 

allt.*. ' t t wu etsD though" that lit tha Bl: •• kwatet. mov!lll8l\t ' 

of the water against the waU would J.'eault in, mixing of the .at ... ' 

1~"uG7 fJO that ~r.tuh, uU,nltr end food .... pplN WCluld be 

lUi w.Ul be .an (Table 10 ..,d 11), there iG • dlffenmce 

in the temperature t.tlliftlin ,the surface water and the btI,tout WIItU. 

The magnttwda of "this diHerence on .,¥ part.i,cular day will be 

depend.,. on the et1'1mgth and dt::-ec'iono'the' prevalUng -winds. 
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Ht::Iwt!vel', the maximum tttcol"dBd difference In temperatun batweeft 

the aurf'aca and bottom water £G4.4oc. end the dl1felimCl! in 
, .' . ' . . . 

the mean recorded tempal'etfoiIreG fer tttil curtce and, bottom Wat8l: 

,. cnlYl.S~C. 'It 19' therefore '"ldthai mi.iftgof' the .atV 

l.,eredDee toke plec..t the ·Break"Watu, arllith.t:' beaidea 

wave actlem. cofidit.tona are rdmi.tar . 8tll_ (if' the· .tot1On •• · 
. . . ' " . 

'fhabdAf x-eordlngs 01 a8linity seem to ccmfble th1&(Tal$ 10). 

It was notte.d' durj.ftgdlvingg fez tfte collection 0' 
the Mte:d.at."tbat the" was '~ appreeJ.abled1f'.llce 'nthe . 

wave etion , .. 11, at each of the atetion., and that wlth" 

increeld.ng depth, thfl' .,,'.tot the _11 became leasneticeable. 

, , 

thff shUone h_e been plotted 8S' hiatogr:aws( 'fig 33). At 
, , .' , ' 

tbe surface ataUcn (f'10 as), thee 18 e lege pU'c::entege 0' 
. " . , 

juvel'lilfia and a steady d ...... in ~u. wi.th,inez.aatng ei%e. 

'Mol'e then SrrJ' at the·'apee_no de ahorlR than 20' mmiil ,ift lent"'. 

end the 111~ ftlCOrde4 length at We -8t~on Was S1<18~ mma. 

At 'the ,10 ft oteuOn;tba'a 18 again a deere •• .in nUmbu8 in 

eec:h size grau'h ,withiftcreeSing she. Hen 35.5" -.:st, the' 

8_,,1a Us et.oz.ter than 20 'RIttS. ,enG 50S ." tho sample ehoriu 
, ' . 

theri25 1ftIH. The ld' •• ta~n %'ect)Z'ded at th1111liiVel ",as 

. aa:, mma. Ai:tbe 20 ft lev-t (fig 33). tha QJtJ.1'IUfIt hcol'ded 

length was only 69'.9tnmtt, but 5~ of' the populQttm WMllong'er 

than 3,0 filmS,. the lorgest apeclmenfrotl the 30 f't$taUanwas 

,,98.& ftlI'AS long, wbiJA alMost ~ of the,population "f'S' lcnger '. than 
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, 35 1mIS.; It wUl tie seen from flgtlte 33, the tFaph 0' the 
, :. 

'40 ft staUon.t.twt ,5~ of the papulation ... J.ergs than 60 .. ' 

" 
in length, and th.tthe l-o-t specimen obta£ned IM.S&I~8d ' 

113.0 trill.. Thera ie • Sharp .deere_ in nutrtbtreup to the 

, , 

12~8~of ttte populatiatt at thu 1.vel fG111ntc ttJe10 - 75' fIIId 

aU. gl'OUp." ThiBpaak 18 10110_ by a ete.ct.y deCZ'H13It in 

n_us with, incze.Ging aue. 

" 

, Therefore. 1t Can be concluded that. with increasing 
, , 

depth, the abe 0' the .,~s cao incr • ."s.. Th.t la,with 
. .' 

a decrease1n the effect of wa" • .ctten, there .t.e an incH"" J.t:t 
, ' 

the oizewhich epei:1tdns of A.'!pa1ltm#sa .Uatn. ' ,thatthia 

st.teen' holds tAle tot' A'MWliQiS. . MQwC4ifprrd .• U!! 

,foll: end co.,l94) end 5:diiJ.U! mfuli.I. (B.e:1rd. 196tH. would, 

__ to 'ncticale that £n all t ... MyWtdd, ' .... "'" .... ift' 

expa'lllJ.irs to wave fiCtk,m ftBUtta In .deCl' .... tn s1ze .. 

E,cer.dnatlon of' figuft't 33 .howe that for: 189ft .pec.i.tHns 
, . 

• aer1es of peake e.re abtainad on ,the iFapha.. Theea ma.Y be 

e)Cple1ned G$ 'thtf· result. of thw 9%owth of lanae ',fJ:Ofh .,cc§fd.v. 

pad,ads,of rntttling, but .. yet thll ep....,J.ng cycle of A._IlI&'. 
, is Ul"Iknolfm. Also it can be a." that thUe 1s '. eteacw deu .... 

in 'the nUmbeH of' vt;¢1I.aU epecitllena UO - 15 ~' totallenlt'd. 

with i.n'c$.as1ng dapth. This, would suggeat that fauly W1l 
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and ita.'feet on the ultJ.mota a.bG of the Bpeetmen.~o 

, I '. 

oV8ret#,)wd£.ng I:'l!a,...,.ta in e decreaaed,gmwth ril!l~" Fm.Md Cae . , 

(1943) have reported,' thet in f:!,ctiifemieya; tb1cku end 
. ". '.\ . } 

broadft' etteua, f'JJ:e found in eped.fl'll!fts living 4hcrowdecl' wev .... 

waahed,lacel!Uea. Lam)' (1936) conr;f.derathot mu$se18 may 

become. eo t1ghUypraGsed agldnot one ~tner. that ci;rcwnetane •• 

are unfavourable. fcJ.' thei£' doVelopment.HcwaV81'. ~.f.ng the 
) .! •. ~ 

c:oU.ctlOft of the matuial in thU e)(pe.l'J.ment, it "a. noticed 

thot ~t 1111· .t.t~, thespecbtana were packed' one aoe1"!Jt' 

theathQr. tmel the recozd of " spec.t.mot tutu length 88.1 mma 
. . 

from the 10 f't statton. aoema to, ind£.cate that ovccrowdJ.ng 
, . 

may not be 80 impal':tant. Tni.$ ,.tea further cupported by tha f.ct 

that ove"~1ng ,. dependant upon the liIV.UIm!. ""'11.ng space 

betwetln .xlGt.tng individual., DC that luger 1ndivAdual.a wou14 

limit the aattlJ.ng sPlICe ma.t'e than smaUel' specimen •• 

How wave action effects the aiD of' the animal 1. 

unkr.own.. Expo~. u, 'Wavl! .cUon Jftay have. til!f!ct e"ecton 

,the.1~.. or It may be that 1n exposed poaltlcn8, ' parts.culer4f / 
oj _ i 

heavy hao at certain times of thtl Nfjar. rault 1n the·mass 
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