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The ﬁinaﬁficttm of the Hytnidaa is dﬁpendanﬁ
upon ahaxmius which are caaiiy vigible even in mpty valves
&nd 1o besed on diffumm in the resilisl ridgs, the sh;;m
and :acul.phare of the shell and the mmber and paaﬁ.tim Qf the
. muscle impressions, - Howsver, these shell chiu:ign can be
very ;mmm. 8o that the prosent trend $n the stu&y'af this

' fmuy is to obtain w8 much snatomicel date a8 paatiblu. ,.' :

TM snatomy of sooe Scuth M’z.icm ﬁ’yfiliésa is dmjbud

’ .A’\cul it .
in this thesis, snd ineludes the mm;a Asath, muscle immainns, 5

A musc:uhiuu, nervous innervation of the fout/byssus musculature
and the amw nmai. The species ﬁuminud are W
{Linnaeus) 1758, MWM mauus) 1848,
A myp_magelisnica (E:hemitx) 1785, Mﬁw

| (Li.nnmms} 1758, W {Ktm};} 1348, Husculus

- ,___gg_;gg Baxnerd 1964, and ____mm {Goudd) 1850,
The invastigatim has rswﬁaﬁ that there is 8. ui.ngle ba:ic )

matmical plnn, which :is mly slightly mdiﬂ‘d in tha ds.ffcrmt

, upechs. /

1. Canfimatary w&.dmu on tha evaxuti.m of the B&va&vh
- is shawn bs the ttmitiand hetammyuﬁ.uﬁ cnnﬁitian of
A.pagellanics, Jummne spacimens are mummycrsm, |

: ;uhi.la adults nra mﬁmyuxﬂm‘ o

H P
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‘i'he orm'tatim of the byssua xzﬁracter mauxatum is

i ds,acusms 4n temms of the pmmulm.- hmm qmupm

by the 3pa¢iaa, espacinny in rulatinn to ﬂ%ez movmni:

and wave mm. 1% is evident thet while t:sm my be
N diffa:eﬁm in tm mitim of tba sEErs on *!:mc saen
o vp;uaa, : Q_;hew mey m%y _,havof funtt;i;mal imput%m:a, V

Tt would seem thit the arientetion of the byssus muscles
' in relatfon o the resistance to preditors is only of

‘Vews'riﬂe!y im:tmw.

niffermaa in tha ais.mtary eamal may imolvs ho%h

spezcﬁ.ﬁc dif?erencus and the :semmsv affev.t af’ muuc:.e

| paas.zs.m.

| Thn ma&cmy ef the t:ra}. mt:actn: wscla, ptaaent oﬂly

'in w am:l its functien ara damibad. It
appsers that this muscle scte as o m on the food intake

'Vcamninl}.y in the. p:esanea cf' high cmcmtmtims af aané
' "m_suspmeion. - 1% may thmrefure be one n? the factm
 enebling Wt@ take full ecological advantage

of sandy niches,

The diuuihutim of the apéc’ies is praeianted and ;{s '

exmimzd in the J.&ght of the subdivimn of tha Smxth Mxinn

fsuna into four aectiant, in rmatinn to the hydmgzaphic "
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conditions.

T

’i‘hu tmpical indanf’aeifit apaciea, Mﬁm

- mtmtas the South Afx&cm waot cnaﬁt z:agi.cm to as far
" as Pt St Johns, and would appur to have e lower ~1§.&£tine‘
'uzéﬁmw;i. mmawra of ebout 17°C. The pressnce
' éf’,éhié é;éac}.aa in Netal, confirns that this cosst ‘region

| ds mmpiedi end hes assooietions with the tropicel

. 3hﬂﬁ-wgst P;ncifie. fsurie:e.‘

' W and W&_&.m two endenic sstusrine

apaciea, are typim of the wm-‘hcmperntc ragions nf the
smuth r:mn. tmt mtmd northwards inte the a::st corst

regim, sb that thnse opade: are smrnd by buth c:nantal

‘ z-agicn:.

the typicsl spscies accurring on the cold west coest of

South Aftice. . Since their upper limiting distributionel

temperature appaaza to be about 2[)°t;? jhegﬁ sre not confined

. to the m; coast ﬁ.tm, ‘but extand eastwards around Caps

' Point and onfto the south cosst.  The cizcumpolar

sesociation of the South African founa is sxemplified by

! *
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Although fm isi xemded‘ from al.uﬁg the wiwla of ' o
‘ tha Sitmth ﬁfricm cmmt. it shtmld not be regormd 88 @

- apeem which is conmon to m three of the enasi:al regtons,
, ‘hut :athax: a3 a a;aacma mﬁ w tha wamax waters o’f

o thss eaast. !ts Emtmr nmitma distrihuﬁoﬁal ternpara’mri

apneuru te be abnut .13"{:, i.mt m:mratum uf‘ less thm .

' this hwu bem rmdud‘ '

H

© Theve nppéam to be two :araes' af overlap hat&eﬁtﬁe cold

- ater spacies, W&. 8 and &W anﬂ the

P » '
v‘s.'

1.

wave

typicel warm nawr spmies. .ﬁ:&!’.ﬂ! “musa m et
Swakapmnd/ Ludsritz, at the nocthern .timit af tha Senguele

l turrmt, and aiang the wastern ami of the south wsacs*t

rsgian - The tm;)e:atum ia %&hese rugima af avarlm varua

bntw&an 13°f: and 26"1:.

ﬁuamimtisn c!’ tha dapth di.atxi.hutim a? thtea apacias. V

o md ths tmps:awras at thm depehn, indicataa that whils

temg:etature my bs i@crtmt :m .timiting dietr:ibut&w, :

. other facm, such as :substratum, 'msy ,m eguall,y 1imiting,

The gffmtim of Cepe Point es a bargier betwesn the
cold wa’tar wost coast founa ond the werm water 'gémt:h ‘coast

feuna is commented on,

The veriation in sizs of A.megellenics with exposurs to

‘mt:‘!bhjs dnacxﬁ;bgd. © it Ao cumluéed that with & decrease



3.0 ths eff’wt of ma mtim, thém i6 an imrsasu in the siza

ﬁhich sspec&zwm can uttain



1. INTRODUCTION

Due to reconsiderations of the taxonomy of the family
Mytilidae (Lamy, 1936, 1937; Socot-Rysn, 1955) and subsequent
revision of the South African genera and species by Barnard
(1964), e preliminary investigation was undertaken as an Honours'
project, to study ths anetomy of three species, The spacies,
Choromytilus meridiocnalis, Perna perna and Aulacomya magellsnica,
were formally regarded as belonging to a aingls genus Mytilus,
but were neparated into three distinct genera on the basis of
shell sculpture, th= nature of the rﬁnilial ridge and ths pnsition
and number of the muscle scars (Barnard, 1964). Although
this invaﬁtigntion was cursory, it revealsd that there is

evidence {rom the internal anatomy to subatantiate the "aplitting..

The present thesis re-examines that evidence and has

been expanded to include:

(1) species of six gsnsra, which wears formally regarciad an
balenging to four genere i,e, Ch tjilus meridion
Perna perna and Aulscomya magellenica formally all species
of the genus Mytilus; Laemya capensis formally Modiola
capensis; Musculus virgiliae previously confused with
Modiols capensis, but now regarded as a new genus and
species (Barnard, 1964); Ssptifer bilpculeris of the
genus Septifer,



{id)} & hewly i-scn;rded génus" From South Africe {Barnerd, 1964},
sggzh wasﬁyin '(1957; 'pe?&nn@l muhi.«cutim) suggests
is idcnticai with the South A@ar;m,apecm Semimvtilus
Biffémnﬁ péﬂitimsv of the muscle scars must mesn tﬁa‘{ :
there ars -@iﬁucn&mg Ain ?:htn musculature and al.lm puss@bl;?‘ o
: dj.f"’ﬂamcaﬁ in the astructure nnd arrangement of the other organs. ’
This then is the problem, | ” |
 The intamal anatomy. of the South African ﬂytﬁidas is
© poorly known amﬁ the purpnsa of this pe;mr is firatly to alueidau |
&nt&mo& atmmrs. Simze ”tplittinq“ seoure when the knwladga
: of a family is inauffic&mk, it é.n haped tbat this study will |
'pzms.aa ﬁa:‘ther charactm for a world revieion, together with
- @ basis far the in‘ka:pratation of waluiima:y e?semgﬁa within
the famm. It may be eapecte:i thet the mmbsr uf cansra uﬁl
| be :ﬁ&ui:ed. |
' : Whun cnllmmg the spc:im, naten on ﬁhs!.r mlogy
end distribution wers mads, Preliminary work cerrind out in the
ﬂm&uﬁ*’s" »;ms;ect or: the ‘faﬁcﬁm of the'oral contractor m&t.

in M ‘has been mmpzated, end {s now presented te

-~ show thu functtam}. mrtancu of thm particuler muscla,

Mthaugh the oldest and pmbably the mutm‘al bivﬂ.vu |
.9, m aze &nam from the i}pper Cesbrian {kmw, 3.958;
Cox, l%ﬂ), qzytuif‘om spacias hm only been murded from es
far bac‘k @s. tha ﬁavm:.m {Smta-ﬁym. 1955). ﬂomvux- wpm’ctﬁﬁ



of the femily Mytilidae {Devonien) from the related family
| ‘ﬂodialnpsi‘;daa (Ordovxcian to Bavbﬁianf .haa proved to be
g 1ndistinct, oo thet the Mytilidae ars considsred tn be a
k ccntmuaticm of some branch of ths Hudialnpsi.dw. Cox {1937)
_holds thatthg mytiii,d meestn:vvgs "”t{ ey;_:ically mytiliform
gﬁ& ‘probably resenbled the Recent genera Jgg_ém and Dacrydiym,
. The short synopsis of gﬁ-éh&r&ﬁém of the Mytilidas
given by Thisle ‘(;934) has been expanded by m.w (1955, p.3)s
"Shzﬂ. | aquivaléa, gsnbraliyivery , iinzguuataraz‘ with
, prﬁsogym wumbones near the wtsriux and";' ligament glongata,
_dau;; sgvated, gehsrauy ‘wi‘th nyaupi"me; ‘the :inmat r-emii‘part
typi,caﬁy; connected 'uivth the ny;upﬁu"e by .é cia‘lciﬁ.ed‘ white ridge.
‘shan Ahawing three aresss (1) the enterior szee, the lunule,
| mm or less dxatinctly cirmscribed. aftm aith tadieting
aculptun ami dysodont teeth on tha inner mgin* (2) the
mdim purt, gemrally gloauy aﬂd rarely wi.th radiating
’m:u.lptum- and (3) the puateriot part, oftan strungl,y scuzpturad.
mc set off by 8 rdifferqnt ‘cnlnr, or by 8 -kqo.!.. Shnn ordinarily
!uith the mﬁé'ricr 1,'agar margeritacecus, "'Psrigstrm otrong,
h samimea with hai&iﬁm pfatuberanées azkfuith ‘in'crustttiunm
| Pmdisamnch with pmnmculum, umch paxaiats in some smeller
spaqius. Mantle lobes unitad belmu i:hu anal aiphmal opening,
ﬁrmchial openxng confluant with the pada.l. cspeni.ng. postariar
» ;part of nsantle edges of‘em pimted and furm.shad aith papillae,

?anial lina simp}.e or sﬁ.th 8 shallw postarinr cnn&avity.



aﬂtetinx adéuﬁtux muacze ﬁmailﬂx than the pmatarinf one, 5gaa~ -
| %ﬁmva aﬁe&letﬂ in adult ahexiﬁ. B Aﬂtariar hyasuﬁ t&tmactnx
 ~ama11. fastened'befnte @r b&hinﬂ tha'umbunes. ?@stax&ez~"‘
ratta@tar is genexal&y uaﬁfiaent vith th@ pasta:iar aﬂduatax.

?ﬁat ?;ngernshapeﬁ w&th » ventral. fat:aa, aysaal glend hehind

1'V.th9 feat funcﬁicaa&’in mpst‘uf the‘agaciess Gills filibranch: ‘

;'vmhttielg'embraciﬂg‘tﬁa;x@ctm@, nonoeciaus. mar;nag .a fmw
‘7'apemiea‘in ﬁraskiah¢ox fresh waﬁéf.”-
T it ds desirable tp preegnt the ﬁharecﬁaxs af esch of

‘the geaera, as giv&n &y ﬁantuﬂgen {195f3‘

gwm% ﬁatzws 1?89 ‘ '
Yyn%ﬁmies W Gimaa.w ma

This gmnus ia aharacte:ised Qy thﬁ gitteé reﬁilisl
z&dge, the antericr pagitian af the feut ratraetax, pnﬁ the
mﬁssiﬂq antersnx aadueear. Yhm ﬁhexx ia more matgaratacaﬁu- f

than th@ other gﬁ;&uwlike ggvmam.  ,$

4t 'me«'f\" Lus ﬁmmwn wsz

ng&-w:lacies B pus Holina r?az

The zaailial ridga, unlxke ﬁﬁggg, is mampant and tha
gmate:;gz~hyesu§ anﬁ faut xaﬁractors are enatanuauu, xhaugh =
tnmaa unly maxznwly cann@wt@d“ Thus antptiar addnetar is mb@mnt _

iﬁ aduit speeimsns, but may b@ soen in ymung spncimeﬂa 7A?ha:

bgssua ia vary strnng,vhranching fram e aent:al atem‘ ?ha 1uaule ,A'

ia beﬁt inwards, ?armiﬂg ane cantxa& tnnth aﬁ thﬁ r&ght ahsll o

vazva. eurtaspondzng ta =1 gxnava in tha 1aft valve-



Senys AKACOMYA MErch 1853

Type-species Mytilus wegellanicus Chemnitz 1785
T™he outsr fore of the spscies is like other mytili-

form species and s quits varisble. Thexrs are usually strong
radisting striss ovsr most of ths surfacs, which may be indfstinct.
The hinge in the left valve consists of » bmndxy folded and
turned up tooth=liks lunuls, corrssponding to s depression in

the right one. The nymphas are strong antsrierly and the rasilisl
ridge is compact., Ths snterior adductor may be present in young
upscimens but often cbeclsts or sbssnt in adult forms. The
enterfor rstrector is slongats bshind the umbones; the posterier

rstractors are brosdly united with ths adductoer,

Geoys SEPTIFER Recluz 1848
Type-speciss Mytilus biloculeris Linne 1758

The spacisa ars mytiliform, with an antariorly plecsd
deck or ssptum for the sntarior adductor. Marginal cranulations
ars prassnt aleng the antaxricr and posterior ventral sargins, snd
slong the dorsal end postarior mergins., The radiel sculpture i
not simply hifmut:lng, but ususlly consists of ssvsral ssparats
linss srising from ons radieting line; postesrior part of mantle
with small papillse, The postarioxr adductor smbreces the

rstractors dorsally,

Senys MISQLUS REding 1798
Type-speciss Mytilys discours Linné 1767



This; germs ﬁ.a chamctmrisad by the sntorier aéduc‘bot '
bviﬂg piacmi mtarm to the mmm and tha pmtamm? x:e.traz:tars
being cnntimuus ami united with tho paaim’.im adduster. The
‘ shen is ‘!:ypiﬂal},y radiauy rswlptured in the anterwr and
mntenox' ;;m without :adinting seuipture in the middle, The
. valves ern rathaz fist, uithout a dﬁ.etinct keal,‘ but the mstéfu-
: ﬂurssex mgim .Q,a sa;:axsted fm the wst u‘f‘ the Va;},ve by a more
. or less pmmmcsd fursew, TM antsmﬁa: :étmctot w 1i3m

_@_g dinlus, t.;ut tﬁakpasatax:inr mtrmt&m hove & stmﬁg, e:lmgatedv .
| branch fastened almg the dm:sal maxgin ond @ single aisndar V

" branch matenad gbove the msterwx edducter.

Smtnﬁym 1955

Type sgmiss W ﬁoulﬁ 1353

- Genws S‘.HH«T‘LQS

5!‘1311 wtilifam with hﬁaﬂy “perminal tmbt;ﬂéa; 1unuié a
' emall end eircumeribed by a fine lines snterior margin without
" teeth, alightlyﬁ:;ﬁﬁt cabtaam and uauaiiy cmstmﬁtmfm form o |
rounded enterior mérgin. | Anterior wm@r prasent, postericr
aciduetnts and retrautam cnntinums, antnrmr xetrsctnr f‘aﬂb&hﬁé '
hgiaw the ugmﬁnt bahins thts b, elmgata, narwu, saparated

" in the wmiddie; resilial n,dge,cmacto Pull;el mafgiw with
groups of éaﬁillaﬁ.- | A |

Tho disgnosie ’M( tha gaﬁas _{,mis takén from Soot-

flyen {1958)1



ggm; ggrw& Soot<ilysn 19‘58
: Typm-**pouiaa m_g& “m K!m!m 19&8
. Sh’tall thin, um:iiolifm. ,wi.t!\ 'broedly zounded lumila,
fesilial. :;idgé eoepact, Ligmnﬁ daep ast, not viaimﬁ &xéa&ﬂ.y.
a fow crenulations behind the ugaéeni am:i an amga»,e, toothe
: »Hku ecallus bﬁﬁaéﬁv i'.hev uﬁu intariur neerooud with dsrko&'
enlour m&rkiﬁg‘i.' Anm.ior m!ductnr isrge, mwtmrinx aﬂdm;m
i rslatiwiy srmam. and cﬁmflmt uith tha mu:mu. hm&-mka :
pgstanar thgms@ ' Anter.iar wtnmtur round, fmtmd in
the mbaml eavity. ranchial sening ﬂﬁ.th 't‘hickene& m&lﬂ
v rnargins furnished with ‘1uzon, fla% papum pimﬂ vertimuy
on t!'m nargm with mu&lez papilles &n batwesn ‘Bonsds latesol

in tha mm&e.

48 con h& seer, - kha cxmuiﬁt’:atim of the fanily is
ﬁcpmdent YoON tzhamotm whsch are emﬂy visible, m in ompty
valves 4.e, diffsrences m thu tmuial. ridge; thn» shﬁm& and
srulpture of tha thell and tho pmltiﬂﬁiﬁg of the muscle scars.

However, disesgresment enints an tu which chatwtura Bre siwifiemt.

Jukea—ﬁmu {1905} zﬁﬁmiﬂym’ that the position of the
mﬁn@a m& surfoce acutpturing m &i"su:cnd'af& iwwi:hncé fn
tha cl.asaifmntm uf the wtuidw, whne hinge charatteﬂ: md
raum:le impmsﬁm pusiﬁicm arg m‘ rore walua. |

ﬂum (ws?; petmi ﬁmmiemﬁinn! is of "the

: winien that stmu :aharactms cen bo very mlmding ua taxonomie

) c.hametata, end has pumted cut (19&6, paﬁi that tho chulatum



*may be convergent, as based on recent studies.” He is there-
fore collecting a8 much snatomical data as possible, for the
purposes of making a world-wide revision of the family., As

has 'bean mentioned above, it is hoped that this study will provide
further characters of taxonomic gsignificance for the world revision
and form a basis for the interpretation of evolutionary changes

within the family.



The following Qpeci.es wers exaﬁxinad during the course

‘ mf‘ this pappr:

. C?mrggg ytijus mfj_.dig@ a&;g ‘ (Keausn) 1848
ﬁlumnmus aparmne of both pzvaewad ami M.ving nsatuz:ial,
frem e Nanath an the wat cunst to Plettanberg Bay on the aouth
wﬂst, were exmined. msmntima were made on 'sbw‘h 50 of
. thase, and f;he draminw and dascmptmna ore the cmpasits mauns
of thase diasactigﬂas -, Eopty valves n the muecmn of the
South African Hussum were m.sa checked, fm size of the specimens
| variod between 30 oms end wam.  duvenile lapwim‘euna_ {8 ma - |

Aoms) wore exémi‘ned,

M lu.m.i 1se

abnut 260 ap&cima wers exmned, and detailed

ds.ssactmna wers dme on abaut !Sﬁ of these, incladinq 12 darge
speeimens from ﬂnesmdaa (35 mns to 140 mos tm;al Aangtm. and

- 10 smnll apa:rimsna from. Inhaca Io (55 mme wemga total J.engthﬁ.

ware calleded from various lacalities between

The xmaﬁ.ning amimns[mm frem ummm, on the %Zape ;
Peninsula wost ,eoeast. tc‘ Uvongo, on the -hiata& t;rast mas#. Their
" pize varied between 40 ‘m‘as end 90 oy tmm“xmgm. Both

uvmg and pwsewed materm, ond aaan jwannss were exemined.

(ﬁbemitz} LTBS

2255 apecinens were collected ot the Breskwster in Teble

Bay and were messured; obout 20 of theso wore dissected. Abuut



’ 30 other smimme, ddving md mamad, wn a},m ﬁitmtedo
?hssa me&mm varud in size i:atwecn 3& wes and 100 ons
,Vitnta.t iaagt?r), and csme from west cnast Lecal&tim {mﬁjin ) '
N o St ﬁuiem ﬂny). : Jwanns material from the Bronkuster wos
;ﬂ.au ﬁxm!.nud o | a ) o

'¢m.3 780

 Preserved mmm frem fsmte camsm 18, ﬁnzmbit;u&
' {35 ToRS. m 65 mrn imtal 1mgth) and tha ﬁam ccsaﬂ: {30 e
 avarage total Tongth) was axenined, About 15 specinone wars o
digmted in m,!ta&}ig ffnpty valvee in the %msth Mrﬁ.cm ﬁm"

collection ware elso exanined,

| {Krousn) 1948

- Preserved and dving '@w&m fsom tha Keyens Lagoon
o (35 ema i:a 35 s tatax ’mgm 'ws zﬁa&im@.;' Detesled
iR dissmﬁma wore mﬁa on about 30 ::1" thm; ‘ A aiﬁ@h, pmmwd,,?
‘ ginnt‘ apecinen (tot:nl dength 62 m&i, takaﬁ at Stiil Bw, |
: ‘wes aden dumtteﬁ. Unfwtunuwy fmthtr mtwthl nf thwe
‘gient'. spscimens wes not obteined {c.f, %Mymywﬁi}}g
| Ewpty velves in ﬁﬁg Sowth Afcicen Museum coilection sm :

T examined,

Fuseylue viroiliee Barnard 1964
. Materiel wss collected in the Knysma Legoon snd in
" the Kourbooms River, Speeimons varied in =ias betwomn 15 mas

énd 36 mos {%otald w&wtb};‘“  About 20 of these wore ﬁismté;{



T
in dotail. Empty valves were also examined. |

ilus slaosus {Eauld) i&ﬁﬁf "

' Gm.g nmservad material wan avmilahle. "~ Thie maé

Ncﬂllet;wd at Cepe’ tmss, Snuth Viest M‘x:ica, md vaz:ied m size

from 10 mms to 25 mos (total mgth). of the 14 npacmxs

: é\;ﬁnabzs, 8 were dissected,  Empty vaim sent to Sam-ageﬂ
were compared with s;;acimns of W fm ths weat const

' of South America and found to be didentical. -



12

ﬁuxing the petiod Janua:y. 1966 to %arch. 196?. _
cnllecting tzips were made betmn Hondekup Bay md Pt

Eliasbeth. E‘m speci.us, :

,f_xom S_anes Cunlina 1elend, ﬂé:ﬁnﬁﬁiqua, and the Natal ;cns_t,., |
Numeroue specimensc 'm;tm collected in South West Africe snd -

‘Mgpl.a by Ur. M.L.Penrith (South African Museum), Huﬂﬁg an

intertidal fish survey.

‘ Thamrk dane on the ﬂmla‘gy of .‘intetmdal rocks ”
ﬁmund the Snuth African enast by ﬂm Zoology ’Bepaﬂmm of
‘tha Univaraity M’ Eape 'fm. under Professor T.A. m,

:ur.ing the pez_-_j.od 1931 :- 194ﬂ, fm:ms the hasia of fmmpatim
_.f’m::' any gm“é.& int-éﬁidgl ar_aimals:. Du;ing the mtae of
this éurvey; aighf 16eai£tieﬁiBEtuﬁan Pt‘ﬂﬁllufh aﬂd‘ﬂuﬁbaﬂ
woere studmd in detau., while sbssrveations were nade ot

thﬁrty—oﬁe other 10%:6111;1&3, from north of Pt Nolloth to

Umpmgazi. &npubluheﬁ mards af‘ this Department hava alsu“ :

' been ma&e avauabla to the author.

F‘igums A ard 2 sumar.iua the distt:lbutiun of the

apenies daalt u&th in this paper. ‘

was nbtainud

ar
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o ' Aithmgtj qc@#»a&ty fécéétu, such cm pha’a;vh'aga and -
nitrate- cﬁncentr;tionég' may play a pm in tha distribution o‘f‘
intert&da}, mima&a (ﬁkmm. 19&3}. %%maeaa (3939) mga:ded %het
‘the impariant far,m was that of tmratm ' ‘fm;mmm seems

~ 1o be one of tha umiting favtors in the distrihﬁtian of mytuids,
althuuqh thia group of moiluscs has & wide tnlaranea mmge. '
Hendercan (1929) has found thot the upper lethel tempersture.
for Hytilus edulia ie a&é‘*ﬁ, .‘m; the lower ;égmz temperature
is below 0°C (Dodgson, 1926; :xmusfshet_, 1955).  However, it |
‘seema thet the durstion of the particular temperature io the

basic ctita_i‘*ieh, &inca.ﬁmm ;(1926") has shown that ﬁ,_mg_
cannot live for more man 1 hour ‘atimﬁta  Aleo, asvers winters
have resuited 4n the mass mﬁ:t'#iity'of nussel pﬁpulatm iléy
:wm persfmal mmnication) iﬂfcm me that on the ﬂarth |
-fzax‘anm coast, W is present in winter {winter temperature‘
9°¢), bu but ﬁiu in smt {summer tnmputatum 27 _ac). ﬂem:e a
Hutehings (1947) end Stuhbings {1954) have mpnrted that the
& sauthernuigmit cf‘ﬂ&gggxgg,ccincidaa.uith thuA279€‘iaotherm,

while the nexthesn 1init partly 'imim:iéaé with the m“‘c isothemm.

Salinity seems to be of littie mmtmca; als.thuugh
maﬁm mytili.da canrmt. tulnmta fmh water, aume sre sble to
live in water in vhich the aa:.inity i greatly mﬁucnd. Motwand

. {1955) has shown that the lewer limit for M.pdulis lies batween
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12,68 oot 15,00 % and odgeon (1929 ;ﬁm uppes umz;t s‘é*a’%.‘.v |
’ 7 on tha hasie of the survey wxie on thn South African
‘intertidal Fauna and flnra,. &i@a&eﬂ- {19*!43 divided the comst
E 1nta threp ma&n mgims,: whase Limim wore found tu he in

eraaa of cwerlap, :‘athaz thm at particu.&m tnpcgraphicax -

 boundeies, These. z'egim were:

{a} The mmt cuaat. from Pt Nauuth (or: mzrth uf e Mﬁnath)
" to Cepe Pofnt; ‘that part of the coast mﬂuema by the

' eold ‘smguem curmt. '

) the south coast, fm Cape Agulhas o Pr ::mamh

{c} tha east coast, fm the Bashes River muth to umpangszs.
(ar mt% of Umpangazi)s that mwt of the cuast inﬂuanced '

‘ by the uam ﬂgul&as Qurraﬁ’c.
and %hef warlaps:' o
(1) the aesiém u{:e'ﬁﬁa;i.'fm Caps Point to Cope Agulhas
){i:i) the emtgrn avatm, fmm Pt ﬂ.izabath to the ﬁashm ﬁivér ,

The noid ﬁangue).a Cutrem rurm 1&1 M mrtb—wsteriy
.“directm alang the w&at cnast ai’ ‘éauth l«frina and South West
Afric‘:a,‘ and in the result of upwnimg of cold’ wate:; (9° - 11 °f.:}

. (Clowes, 1950) fram @ depth of 200 « ﬁﬁﬁwtamm (Curcie and Hart,

0 196D),  Ae the water moves eway f‘rom tha coast, it is warmd by -

, aolm: radiatimn, so ‘bhat the tmratma ate ueuany lowest
' iaamg (Gilehrist, 129023 Buys. 1957). - Ths ﬂhen‘e tempezatures



-Jeble 33 Surface temperatures of ses water for lacalities on

© the South Africen comst (sfter Isasc, 1937 (a) )

- lLoeality

 Walvis' an

Saldenhs Bay

lﬂape Town Pisr

Muizenberqg ..

Simon's 3@ o

Hermanus =
Danger Point
. Cape Agulhbas |

Struys Bay

: Kﬂyﬂé& ‘Heads

Cape S5t F rancis

Bird Island
" Eant London
Pt 5t Johns

!Iqtbmx S

| temp (%) :
16.1
188

166
183

’1¢;6

15,6

17.7

' 17.4
16,8

173

18.2

. A1.6

C19.3

21.8

| ‘_t°c;);m¢h»
16,4 (den)
" 18.2 (Fab)
- 13,6 (Jan,
aét. Dec)
| “‘_29;5 (Bec)
- 18,4 (Jan) 

172 (an)
B ¥ 5 (dan)

| 25.5;(3anlv.‘
20,9 (Fab)
29.9 (Feb)-
'1§;r (don)

20.9 ’uqny) ‘

19.2 (dan)

21,0 (Jan)
28,7 (Feb)

. ﬁiﬁf' tomp

134 (July)
12,4 f‘Sapt?

13,2 (dune)

'«13,3 {July)
. 13,4 (Mer,

14,5 (July,

Aug, Sept)

13.5 {Aug)

14,8 {Sept)

- 15.9 {Aug)

15.7 (Sept)

16.8 (July)

- 19.3 (Aug)



A
vax:y'bﬁmeﬁ 0% and 16% mm Cepe Point te; mﬁé Bay (Table 1), -
‘ mp\mm M (1936} have pnmtad eut the similarity
R in tmr&tum ‘et Table an #md Wawia ‘Bay (Tah}.e 1}, which i
evidwnm tha{z the e\“fm «gsf‘ 'kha ﬂ&nmmla Current is still fmt«
~in the mpm of the west coast. Highex summear tempumms |
aﬁ &Jalvia B&y can &m attounted fw by inmlatiun. - Thexe is o
‘slig%:t fall off in tsmpsrame mrthwds from Cspn Point
' .{!aaac, 193’7 (b) 3. and a mia:al mgien in tha a:ee Hundeklip
| Bay %o Pt Noncth‘ Saldmha Bay mpariaﬁm unusuully high

~ -%:maramras in wzmt ﬁd::!.? 1), and shuuld not be xaga:ﬂaé as

o %ypiqall.y mt m}eat l%mm-, 3339%

B : ’l’he Agulb@ ﬁuxmt, v‘hir:h ﬂma mut&uarda almg tha

‘ kea@t cnaats uf F}nzmbiqua and South Africe, is chazac‘tarised by
ite high 'tmarature and »xw salinity, This wrwnt my ‘of way
not be atreﬂgthansd by the lﬂm&uﬁique f}u:mt !ﬂeﬂachs. 1.961}., :
‘fha Agulbes current 1‘1m 83 & bm imha:e’ but between ?t 51:
Ja?ms o Eaat Lonﬁcn, i‘f: mcwas ﬁffa»smm. with & msuning
vdactasse in ahnm tmpwatux‘a (?@b&a 1). From East London to
"% Euzaheth. the effect ef the Agus.has t:uzrent is mm. felt,
the mpezatﬁxme zarely dwpping hai.tm 3.5 C whim temparatuzes
ﬁf more thm 2B°{: are anpexiensad Nnﬁls z}. - Colder tcmexaturas
may he ax;mri.am:ed atm ta lmal Wﬂing (&nilnry, 196179

'kespeciany in the Pt 815.9:8:&% to ﬁatsex Bay. mgwn. Irs the

- vacindty of ﬁape ﬁgulhaﬁ, tha euxxen‘t is deflected to the south

" and southesest (Orzen, ;9553}. The Lmesc temprratures qxperimd



Diatribution of ﬁyﬁﬁd&s sreund tha scuthars Africen coast,
ehowing the division into mast cosst {warm weter), south caest,

west coest (cold water) snd Weet Africen (wrm water) rugione. .
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et Harmanus snd Denger Point srs probsbly the result of lscal
upwelling., Higher tsmperaturse ars found in Fales Bay (Tabls 1),
whars the hydrographic conditions ars mars complex, snd warw
water tends to pile up at the north«ssstsrn corner of the Bay

(Atkins, 1965).

The distribution of tha speciss dealt with in this

paper is susmarissd in figures 1 end 2.

On the besis of his subdivision of the intartidel
region of the South Africsn cosst, Staphsnson (1948) rscognised
that ths feunas could bs divided into four 'sections': the
subtropical populastion of Natal; the wurm-temperats fauna of
ths south coest; tha cold-tsmpsrats population of the west
coset. ELach of thesa sections comprissd sndemic forwe and
species which it shared with sdjscant faunal sections. The
fourth consiatsd of a faw speciss which occurred arpund the

whole of the South Africen coast.

It must be pointed out that only thres of the spaciss
examined in this paper ars sndemic ta the southsrn Africen cosst}
Swakopwund and Inhasbane being teksn as the limits. The species
ars Choromytilue meridionslis, Lamya capsneis snd Muscylug

Perng perna occurs on the Atlentic coast of South
Asaxries (Sont-Rysn, 1935), whers it is essocistsd with the warm
watsr of the Brazil Current. The apecies has bssn recorded from

North end Weat Africa (Algeris, Sensgal, Dakar, Gmmbis,
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’ ~'Vmgn3;a :" Lmy, 19365‘ Ghena @ B&ssmdale, 1961), and thi# West ..
Af’ncan wamwater papu).atim extends mtbwam aimg the
African mast to Lﬂdea‘itz (f&g 2}. ‘ m is oleo imom ftum
 the Red Sea and aden £La':@, 1936}, and ths.a Lash Afrk:m wam-
 water papulatmn axtmds awt’humds alnmg ﬂw esst canat a’f
Africs s‘..n eagmsamy Ca;a f’aint, The spm:ias has been
' recorded west of Capa Point, almg that part m‘* the mast
”.inmencetgl by the m,ld Behguax,-s f:nxmnt, ot Plathcmpunt. :
Yaerfontesn and Saldenhe Bsy .(ﬂnivérsitfy of Caps Town). I

~ hove taken five éﬁé&imm“(ﬁﬁ :fiﬁa;t_‘avﬁragaz‘éatai 1&&%1“3&
umm, “although *kbia spsci.eéuas not recorded hﬁm by :
Stevenson,  However the a;;éammw‘am vecasional, isplated

and wéu’a-lly sceur high up the ‘s&nré,. in tmi uppar amm kéﬁa;

"rhe 1argaet sﬁacimenz wore %aimn at Smkapmnd, while
smmens furthor mtth 8t msmedea and thnee frm the Sunth
Afsicon east cosst were a8 amllar by nomparim. It ie
euggesmd that aptimm conditions f:az qmth are affaxdad b;y the

warn Smath Emataria; Watar and tha pl&tktun-oﬁch Benguela

&!.though m in Tecorded from alcng tha whole of
the smxtﬁern Af:ican caaat, it has an. m distribumn
along the west coast, as hos men pointed out sbove. - It ahm}.d
thﬁrefﬁrn not be regarded os 8 ﬂﬁeﬁiua tﬁsich is common to a.u.

three wf' the coast x:agims, but ::athst e a species cowmon to thﬁ ,

warmer waters .ar the cnast. This is furttmr supmtad by the fmt
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that e gradation is sesn along the south coast. A% Plettenbexg
Bay, tafwmds the eastern linit of the south coaat, P.gezng
2, end A.magellanicy, whils in

False Bay, mcm"s of W and .m&m
' outnunber those of B,perna.

graatly ou‘kﬂw.bars '

Q&MMW is & cald watex epecies,
with its western limit st Walvis Bay (fiq 2).  Although Lany

- {1938) givaa Baixn as tha easztem l.imit, and Sartmh (1915} hss
recordnsd the 89&:1% from &aﬂl. no r&lim ean be placed on thas& .
records. Hacnew snd Kalk 119?:.8} snd Boshoff (196%) have never
recnrded _&W from Inhm talmd, shd the Univeraity
of Eapa Tm has never faum’ the spgetdes alive eaut of the
Breuda River muth. ﬁmevez ~xrmss {13483 has given Elim
{Sradaidorp Biatri,ct) a8 a ;wcanty. and have frmad tha apacxes
in ebundanca at Pletteaberg Bay {Look—out Beach mcka). Barnard

{1964) augqests that F’t Alfre:i ie tha extrm aastetly 1imit,

Known al.sn f:om ﬂw Straiw of aageuan, l“alkimd Ia
and Kerguahm {Bamaxd‘. 1954). Wm has a
.~ similar distribution to mm with a western x.:ms.t |
at Swekopmund/Walvie Bay amd an eastorn J.imt at Pt Alfred {fig é).
. The s@aﬁma has isaeﬁ rmﬁr&ed ‘onee from Natel (Sowntby,‘ 1892),
" but hss never been .faund in this tugi:m by the um@mw of
Cape Town. | | - |

While £.pexns can be mgarﬂcd as the typi.cel Spa::ie-s

from warm waters, mmm and «wn.m&c& ere the



typicnlspecwa uccm*{i’.‘ng on the msil: coests
o ﬁcwavar. W the unﬁemm species of the
. m% ccaat, is not eanfinad tu that regicm slone, but axtends

castwsrds sreund ﬁapa Paint and ohto t!m south coast regicn,

" As has bmm pﬁinud nu‘t: ahava, thera in s durﬁase in auvbers

. eaatsatés f‘tm Cape Point.

A aim:unr a&tﬁat&m :Ls‘?c;tmﬂwith WM&E 1

is typicany weat ccaat, but axtenda mw the aouth coatt ixs

“ pramce in the ?‘niklmd Is and Ke:gualen, dends a&ppm:t to
h ﬁmm‘a (19'—*3} idea of m aueummlu waaciam o*? m South

H

L ‘Af‘ﬁm 'mem '

A

‘ It is intemt&ng to mta tha axm‘tams af‘ an nverxap

‘ ~ arsa along the rngim of the wuﬁt hstwan Swaknpmund and
‘Lﬁdaﬁtz. This cvntlap suparates the cﬁ].d-uat&r mat const

. ‘spe::ias fm “the tm;:it:ai Uest Mricaﬁ apectas. Tha nwrlap-

is ﬂhart end cciac&dab with tha northam linit nf the fisng\mlu

>f_ﬁurrent. ' _ | ; _

WMMMM which hss hm recorded frm

| Japm. Hanille, New Eaiadania, Balaces, 5eycheneﬂ, Lanzibar

' and ﬁadagascar (Lauy, 1936). pemtratas the South Africen coast

region, to as far as Pt 5t Jnhna (f&.q 2}. ‘ Mthaugh 8 uingxa
- Yiving spm:men has hem tahen at ?t ﬁlumeth, it :‘m wnlikely

that the speeisa axtends es f’ax Bouth as this.»

The m:i:u#;ma of S.hilocularis on tha Mozembigque end



Se}\mn”h s

- &atal mastsg amdamns aw\mgga—e sﬁammt tma) that the

: fauna af the eesi: enast io subtmpicax, and tmt it has

assaciatxms wi.th the mpmaa. Indﬂ»wesf: F*atziﬁ.c faunas. CThe

3\'6}\\0\31:(\ ; .
]

sma%he:rly lim;it af ﬁhﬁ.& epm:i.ea mrresmmss m.tfx

715.m1t af the eaat ﬁoaat. T

o . i Q,,..i&?; extew&s f‘tw tha Gx:va% Btak Riwr ;in the m@h,

B Lagna Faeleia, near inhmhma :m ﬁm&w. irs ths mtﬁ. o

B m has jfea mtham 1mx at ﬂexmmvﬁ.f f&lthwgh Ea:tsah
| {29153 haa mrdeé the spacias frm fuxee ﬁag, aaﬁ the '

| ﬁ}niwrstty Qf cagm Y;;m ha\m nbtainm! it iﬂ dmdga Sampiaa anm
Faiae Ba};, tranaparﬁatmn of tha apaciea f‘mn me nthez lmality -
“ seens tha uka}.y expmnatian. sim:e ﬁhe spmiea .is estaazine and
hw nesier been fmmd a‘& the Muiwnbwg Viei mstuery. " ithaa been

. mwxdeﬁ as far mt&a 88 Lagoa F’miele.

gm@g and &m&% hath andemic sp&ei&n,
ibe:;afme gmaem on bm.h *:ha swth am! east caast%. . fhesu
smc:iﬁs may be tsgardeé a8 - tmwate f’nms fz&m thg mmtﬁ coas{:.
which aand mto the aagt coest i‘.a. ths amms m‘a shared hy

Stephen, son

‘f‘bnth aaastal xsgiuns (e.i“. Emeaw 3.9&8).

It mum aaem therefoxe, that tmmtum playa an -
: impnttant pax:t iﬂ t!m é&mtrﬁkutian tef tﬁs smth Mtican mytiudw,
' aaﬁ cmm‘iam of Tﬁble 2. wi.%.h f&gum 2 wnu:ld squest that ’

m__ has @ lowsr limiting temperatm af ahaut 13"{: while
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Iab;e"g: The maximum m!pihs (mafms) and tmpemtuﬁs °c) at
| those depths at which .«aﬁeni@éj_haw been cbtained by

dredging operetions of the University of Cope Town.

- Species o h Feglion o Bépth : Tm (QC) .
| | | {motres) ) tex - Fin
| Csouth cosst 38 16,0 . 10.2
| ,f_am‘g parns ' V"Fal's‘aﬁsy S 44 6D 18
| | weet cosst . INTERTIDAL OMLY

. sowth coast . INTERTIDAL CiLY
Falee Bay 56 14,6 133
weat cosst 62 - B.9 |

| sguth coest INTERVIDAL ONLY

. m o  False Say a2 - 15.8 . 13.0
- noridian: !i' wogt coast © 341 -a.?_ 8.4

CSMLA. - 40 13.8
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Q‘%tgdianalis em:! W have an upper 1imting
tam;xataturo of sbout 250 €. Tha regicns of war.’lap are (thasn
xmmutlas uith 8 temparaturn range betusan 13 € and 2& C.

‘fhe tro;ncel epeczau. W_, wmld% sron to have a lmm:
m&mg distributional temperature of sbout n"c. As yet,

no ax;mrimnts hm heen carriod out ta éatexmins the a\mrage

Mthal temperatum of the South M’x&r:an upacime

Cartain apncigs have been obtained ﬂurm‘g experinental

dredging, carried out by the Zeology Department of the University

et Cape Town, Teble 2 reprasents the maximum depths at which

these apocies wore gnwuntuwd; ‘ “The mx&n#x-w and minimum
temperatumd at thoss depths are aloo shown, but An some ﬁes#a.

theso connist of a single recording only.

: Two pointe of interest arise from fhies _'fitétly, the

‘shore range of the thres species is mare extensive than previously

" thought. Moergans {1958) has recorded maximum ‘depthe of 0.5 petres

(below the datum linw) for P.perns end 5.0 metres for Asmagellsnice
(in Foles Boy, Table 2 showa that both Bygerna and ,Mg__m_g

con :Liw at much gmater éepths. eim:e thay have been taken ot
u metres and 62 metres renpectivaly.‘ 1t would appmar t.hat the

dmpth range for WM iﬁ even gtaater. as the apeciua

. hags been taken at 1.41 matxas.

Secendly, ® minimm A‘,témpexa{:ure of 10.2@9: ie recorded

for P.perna, which is well :ba;dw the .proposed limiting distribute

ional temperaturs of 13°C.



?m fmts indiceta that ﬁhﬂe tmparatum may ha

limpur’taut, cth&r fm:tam. mtch as thu natm nf the suhstzomm,

may be equauy Mmiting on distxibntisn.

Stéphenson .

A Stevennen ‘{1%3), in his fiﬁal aaaesmnh of tha South
' African mgmn, auggasts that Cape Point mﬁa an important ;

) tmpanw:e) barrier betusen wost coast and eastlmth coast
.psapui.atinm. In the La.,ght of ths abws mwaaamn. amz:e

' dmabt is asst on this statmm and the affentimase of such

e bsrt&ar, for Aumagelisnicy and ,gmm__. both tsrpicauy .

" mat coast species, extend md i:ape Point and accur aver the
‘whal.a snuth comt tegiun {f‘ig 2)0 ‘ Fuxth#?:. m gan and does

oour an tha mﬂ: caaat. P

us_algomus hes mzy been recorded in South.

‘Hest af:rica fm one mmty, at t‘;upa Cross, which fens
‘within the z.amudimz disteibutional belt of the specias on the
west cosst of South ‘amica i"iout-ﬂyen, 955 ¢ fig 16).



ﬁénﬁtsm Sf the éheﬁé‘ in 'i:hé mytﬂiﬁae in varicble
(Jukesaﬁrnuna, 1935), since the dysedont ‘taeth ariee as ,‘
'tmznatms of the mma :abs. The cardinal teeth are
‘emall o ohsﬁlete. Th@ taeth‘ara_cmveréd‘by tﬁe;péginstmmcum
(whit@. ;193?)-, vihicﬁ is wntinﬁms dorsally from arm vv.alva to
vtha othe:, ‘end are oo arranged that the teeth af nne valve fit
" into the anekets of the ather. o

'Amzﬂiﬁqj to Tmaman "(\.1‘96.4)-; il;a ‘hiﬁgé 'fee%h, er
déﬁticuiatﬁuhsélata fat ﬁivatailstrﬁeiétes, but a machan1sh*'
which ensures the earract alignmant af the valves, when the
- shell is opened ox alaaed.A_ He pninta ﬁut that thoir functional
- mrpholngy is unknoun, mwevat the stzfucture of ths region in
_7frnnt of the umha. and the hﬁnge te&th, are of: tsxnnnmic valua
.in sone Mytilﬁdae. Thia appliﬂs espaeially in madiclifbtm
‘ _species, end bith Sﬁu%«nﬂyen (1955) end Batmxtd t.wsa) have unod
V.thase charactexﬁ For the purposes of exassificatian. g Barnard
| ;(19643 has givan dsacxzntinns and sama figurce fer tha $muth "
"{:African Mytilidaa, but fnr the alko af cmmpletnnpss. thﬁy<ara

again figurad ond described in this‘pqper. :

< Im these typicaliy-mytixifbrmlépgcies, the structure

. of the hinge teeth ie simple but verieble. In P,perng snd



i' The antari‘.gt' xjegiun of ths zighé shell Valvé, shnwing t‘fhe hinge
e tée‘thw and the muscle scars (stipgj,éd). o
A. konya copeneis

Lt

- Lo Semim m ilus aldosus
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| E.npszidionalis, there ars two testh in the left valva and one in

the right, or m gg in Mm: there are m&aim» |

auy twn tenth in each valve. , l'iie teeth ars less camgalex ,in
W where & tonth»like pmjactmn in the one vaxve 1

fits inta a gmw in tha uther. '

g M&leu (ﬁg gy

'ﬂm mteticr mqiaﬂ of the shell protmdes slighﬁy :
Cin fmt and thn:a #rs m teetﬁ. v

wmm

’rhew is an antexiczly-plmﬂ esptum in each af the

vaivm, the margin wf‘ uhxch may - be evarniy eurw;d, ot may ?mva

8 slight notch, Tha mtariﬂziy plsced umbmga are strangly |
twisted, with tha lunum me inwams. . This is fumishad with
@ numbes of radi.utiﬂg ?urmun, fomi,ng the taeth. Tm numbst

’ nf testh is wxi&l& i.n each va).ve. _

L—W (fig 3 sa
The 'Qntexs,pé_» iégm of the ‘gmxx is expanded fn fx::oﬁt‘
. of the umbo, hutiﬁ witmt;ténth. There is é»s;ight denticulate
eallus below ktpp unbo, | S |
Boisaiie (o2 8)

| ?b&‘m‘)’tnv#m'mérg'iﬁ of the shell 6 expanded in front
of the umbo and pqssgnaég: teath, | Sarnard (1964) sfaﬁes that |
 the nmer va;'iaék fmﬁ to 8, but smg:'have been axaﬁimd

iﬁ which the number ia‘ 12, Some of the tecth are lerger then
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athers, but there io no definite olan to thie, Thc tenth in
#he one velve fit ﬁmto the dspresaicna batmm the testh in -

. the other, . L

- B Huscie frpressione
The impteséiona, e acaxﬂ, on the innur surfaces of the
shnll valves ore eaunad by the iassxtinns ot th& aﬂductax, padal :
' :utzaetnr and byoous :atractnr musclea.~ In theee regions, the
extaxnal apiehelium a?‘thm maﬂtlt undnrgoas diffarentiatinﬁ
(Ftnnc. 1960), to bring sbout attamhmgﬁﬁ by the szczat&en of
hypostrocum and by the spsﬂiaxisatidﬁ'ﬁf'cbithﬂliax'fibﬁéa,
which forn 1linking tmz;ga mmj‘tas,mmg fibres end the
bypﬁstmm (Briick, 1914)’. | |
- In some spaciea, tha impteaazona Qrc smvoth and con
"aniy be racogniﬁed by » daffaranc# in colour, hut in uthers,
tha impracainnu become pittsd snd’ crunulata. &0 that ‘heir
autfaca texture is markadly di?fsrunt fnna the teat,af the
inner eurface of the vahfe. Tho scers sually occur as ylight
‘dﬁpraaéinns«in thé valves, dus tn‘the abssncs of & natreous
‘layer in those oress, but in some. species, nntablyj_agégggggggig,

 the sheil is thicker and somewhat elevated in the scar reginns.

Alfhbug& thieriufetafcd es probably being present in



EIGURE 4

The Mﬂ eshall velve ar g_,m_:gm&é__ (uppar) and w,m {xmner)‘
| sh«ming tha pasits.me of tha musa!.a impmnsinnm SR

k ktea. ’S\“ida '-'msiiiai' ﬂdgé; lig - l.igamant; psi. sﬁn; ’«'-'pauiai
: qiﬁusg pal. lm - pmia}. iina: e bys. mt. - anteriu: bysaut
tetrmtnr,mscle impgsasm; d, b,yn. ‘mt‘ - dnraal byasus
frdtréctor muscle ;mresgi&n- Be hya. :ﬂt. - pmetexim-: bysaua
retractor mustle m;swaumn; ar, 'cerg; - um&_t;antmntcg A,muscla

_ im;:i‘maﬁbm pa‘; - gﬁstetgéz adéncﬁm:. ' o
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he left shéll-vaiva af‘f,fi;'f"'v ;f shouing the pasitinn of .

"the muscle zmpressiana. and the pasitinn nf’the aﬁteriet adductor

'  sear, prguant in juvenile ypscimens._ B

3

_ lig. -‘ligamant; rus. rid. - tecilial ridga: pal. In, - pallial

line; s a -~ anterinr adductnr- p 3~ pnuteriur adductar.

a, bys, :et. - anterior byssus ratraetar muacle imptaeninﬁ:

~ d. bys. ret. - dorsal ‘byssus xatzactor muscla imprase;un:

" p. bys, ret, = pustario: byseus :c%racto;‘muacle impresaion.



p.bys.ret.

.‘mw..‘_a_ |
pa

a.bys.ret.

s



The 1sft shell vslva nf,«&gg;ggg_gggg {uppar} and‘_&g;gggg_‘(lauat}
shcwing tho paaitinn ef the ansgie impr&aaiana. N

 v1ig - ligamenta aspt. - aaptum; pal. ain. - pell&ul sinuu: o
pal. 1«. - pallial linez o~ anteriﬁr aﬂductot‘ p - -'f
hpastariar adductar; ®. hys;‘rat, ? anta;iqx‘byasgp.rgxpagtér
‘;fmusaia impréasiﬁn: Vpa‘bys,A:atgf~ p§§£ari¢§ byésusiretragtam

muscle iopreesion, .
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A 'fhf: &eﬂ: shell 'ealva ::-:1’ mm ahwing *hhs msitians mf the -

muac&e impressiam. o

,“ U - ‘umtwi; ﬁﬂlm mm - pallial sinua, pa},., e - pau;gg}_ line;

,"-a a- aﬂtetiar adﬁucﬁnr p @ - posterios mductm; :

a, bys. ::et. - antarmr byasus retmmtox muscle imptessicw :

p. bys. ;eft? - mamx&ur‘ byosus s’gt:astar ruscle irza:reas.im»
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FIGUSE 8

' Tha le?t she}.i valw nf‘ &”gg;_;,___, Shmﬂiﬂg tha pus:.tima cvf the

msr:le impreagiaﬁa.

u - umbog pﬁl. ln:.:"pauiaz. line; pal.'" sin. a-.‘pania]. sinus;
] a - mterinx: adcim:tm:‘g P a -i- géaﬁtei:inr édduatﬁr; da,l'sya. rat.
- datsal bgssus satrm:wr macia im;axeaﬁs.em p. hys. ret, -

‘,.puctexwr bygstts r@traatot ms imgmasim.

{
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jsvmi.le specimens of W {ﬁamard, 1964), the
aﬂterior adductor m:sc).e mprassica wes found to be sbeont

in aaveral hundmda of epacima exminnd. The scer was also

, absmt fm.:m all steges uf P.perna.

&m&&m&atﬁcm
?ha st:ar is faund in juvenne spmimena of‘ _Q_‘_Wg

uhm 5.1: acmm aa an avs). scer ot the nntenaz vsntral wgin
"v,m“ tha shan. juﬁt bahina tha Wmmel umbo. lts laageaf_
axis is antaro-pnatarigmy dimeted. The snterior ‘adduttor
nuscle impression is absent in all adult specimens.
 S.algedus (fig 6)

A aimlar pssitim fmf the enterior adductor scer
oceurs in Saalg_g 9. _Thn zear is mﬁtuatﬂd gt the enterior
vemtra; ma:g:ln uf‘ »tha a!wn valvs, but it is moze circular

- than that of  Ausngelianics.
mmgmm&m* ifi@ 78 83

| The scer in thase tup apecise 1s situatad in front
of the aumaminal umbo, abcut midmy hatmen ths umbo m:s the
ventral mrgin in Mg@g, but nem:c the ventral margin in
o ﬁ‘_mﬁig_,. The' scar: is m:al :m ahapa, wii:h its gtsetaat axia

in an almaat dursa-vantml dimatian.

; s, ;;ggg;args (fj.g 6)

. Tha entetior edduc%ar mscle has no impression on the
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shell valve in'_;gig_ng;gggg, fnt tha muscle is reduced (Pelaeuaat,
1911) and does not insert on tho shell J.tssm 1t insexts on |
the anter;orly placad dack or septum The Beptum is nnt unlika'
the thick alevatud adductur scar ufgﬁggggmxg (Eout-ﬁyan. 1955}.
Specimena o;;ur 1n which the mq:gin_nf-the septum is evenly

curved, others in which there is e slight notch (Bernerd, 1964),

: Wmdwﬁ (fig 7886) .
in the upncips uith a aubterminal umho (Locopensis
“and ,vgrgggiaa), the antarinr byasua xetraatnr muscle 1mpressian
19 situnted at tha apax uf th& umbo The scar is circulat in )
shape. In apecies with o tstminal umbn, thu scar i alwoys found

" behing the umbo and sdjacent to the resilial idge.

 L.meridionalis (fig 4)

' ?hbvimprosaiun iu“ovalaaﬁd ceeurs mtbihs side<nf tha
ligament, at a point ehcut tun-fifths tn onsnthitd the lcngth of
the ligament fram ite antnriur end. Thg ‘distance of the scar -
fxcm the ligament ie sbout squal to the shorctest axis of the scar

i.a. ity u;dth, althnugh the dietanea may eftna ba less than

" this, The imprastien is dval (leng'thmidth - z:u, but in -

somp apacimens it may boe elmost circular {lengthcwidth -1, 5:1).

M (f;g ’3)

?he ahape of tho iMpreanian in juvenile epocimens of
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_m ia the same e in gjgetg_gimgj‘gg, hut in larger specimens .
the sm tenas tn bmma more elmgatu. -ee -tha% the lnngthmidth

 ratio is about 3: L The scar ie more anteriorlg plu:ad than in

, _&g}‘_ﬁﬂém nceuxiing &t a ;wint nne-’f’ifth to mz«thi:d the
hm;th of the Aligment from its sﬁterior end, The éistam:a af

thu star from the Ligmt ie namar more tmm tha aidth m‘ the

scar, bnt it mey be luras.
 Ansoelienics (fig 5)

‘The scar in A nauellsnica is very elongate (nngth;wmh

- 4:1), and tha scar is situsted at F puin‘t about ans-fa.f‘th the

- length of the Iigamnt from jts antarﬁ.nr end, !ta distm

from the ‘liomt is. the same as in ,E’_,,p,_m.

'.W. {fig 5}

In th&s specias. the scar 1& unique, for i.t mnaiats

' n’i’ ‘two separate ocars situated bahind ‘the umbc at a point abrmt
cna-qmsrtux the 3.amth of thu liganent from ite antaxiur cnd

_Bnth- st:m are elongate ﬁvax: aht&rier sear 1mgﬁh:uidth~- 351;
pmturi.ar scer length:widtb - 202, mé 'diotmée of the anterior
scar from the ligm‘t is a}.ightly grentat than thu width nf the
scar, tmt tha diatance of the paatarinr &car ia amml ta. or

elightly less than, ths uicﬁ:h n’f the scar.

W (fig 5’
- el  of i ‘
?haahupnofthsmzssmnntamm;n ‘

' __,,W ilengthwidﬁh - 2:13. hut in W_, it



scours sbout half the length of tho ligament from its snterior
,'gnd,;' or ?slighﬂy lsss. - Ite distence fzom tho J,_ﬁ.gmﬁtv is |

. equal to its uiﬁth;

': 'fﬁe mmsm was noted by Krause {2848), who f'ailmi‘ B
to i’.m:i the miatm umcla in precerved specimens, but Mfsh
,has been suha&quantiy mvaﬁ by Swart {1926} to be the area of

S.nse:twn a? the o:ax contractor musslm Yhe i:uptessim is

fmlyl;}teseﬁt;in MW amﬁ is nnt mamianeﬂ 4h Sovt-

. ayen'a {1952) dascriptwn for the genus Chorpmytilue, It may

' thsamfnm be a spacif’iu charactar fm: MM& slone.

' ﬁnuzvor, Smbsﬁym {1955) han shown that twn South
;ﬁmexiusﬁ genefs have a emu sear, similarly plaseﬁ batween -
o tha mtermr adfmm amﬂ tha antermx: byssus retractor mus::le

imp;asaienp. . These gemr.a are W Sont-Ryen 1955 {(see
‘Sm‘i;uﬂym, 1955 ¢ fﬁgé 35.,»36’, 37) end ,&W,(Jmaséa@a)
Lamy ‘;1919 {sae jﬁecgtaf?«yen, 1955 ¢ fig 486}, &cm;‘dihg to -
: Scm‘tuﬁyea 5’1955}. thenggarﬁ are dorived in two diff‘erent ways.
. Tha secar in mg&g is caused by @ mn wentral branch of

tﬁe antgsint byseus mtrmwr musnha, while tha st:ar in m ,
‘ (p. 52} "seens to be.made hy a thiakening af’ the mentle end

» hat by a hranch nf ’tha mﬁaﬂm rﬂtmctar.

In g‘mm.(ﬁg 4;},. the oral contractor muscle
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impression is circulsr end much omaller then thet of the anterior
byssus ratractor muscle, Tha oral contractor nuscls scar is
situstod more enterdorly then the enterior byssus retrsctor scar,
about half-way bstween that ecar and ths ventral margin, Its
distance from the ligament is ebout twice the dimmeter of the
scer and 6o s further from it then the scar of ths enterdor

byssus rstrsctor.

Except in S.bilocularis, the impression has @ sinilar
situstion in all the species examined. It is ths largest nd
most cmapicmms of ths muscls scars, and marks the'm. for
insexrtion of the posterior ;dm:tn: muscle, The scax \rmries in
shape, fron circulsr to ov;l, the longest axis of the oval scar
being directsd towards the uwsbo, The scar o eitusted cpposits
the midpoint of the postericr border of the valve, or slightly
more doroslly (figs 4, 5, 6, 7, 6), with its outer edge concurrent
with ths pallial lins, It occurs immedistaly above the pallial
sinus, when the sinus is presant,

In S.biloculaxis (fig 6), the posterior adductor muscle
scar is situsted in a similer position, at the postsro-dorsal
region of ths shsll valve, but the circular scer is slongated on
its antero-dorsal eide, This portion of the scer lies dirsctly
sbova ths postsriocr byssus retractor scsr, smbracing it above, but
the distinction between ths two ecars can be sasily mads. This
enteriorly directing portion of the scer runs sbout half the
lsngth of the byssus restrsctor scar. |



Eemeridionsiis (fig 4)
The puateriur byssus ratractar uuscla impransinn is
situated anteriorly to the pastarxor adductor scar, uath uhxch ’

it is canfiueﬁt. Tha ahape'nf th;s impressinn varies frﬂm

o eirculnr ta oval, uith 1ts longnat axxu patallal to the ventral

 pa11ia1 ine, The dorsal byssus ratrector scar occurs in a
"~ line opppaite tho pasteriot and'nf thu lignmant.gnd parallel

" to the dots§1 edge of.tﬁ# shell, This scar is usually
continuous with,.anﬂ‘hartngly'éanhnuiéditb tﬁnt of,’thé posihriéi |
 byssus rettactar (?zg 4). ﬁome npacimans have two cnmpletely
: qeparntn ecure,f_ Thu padal zetraetn: does nut 1eave B8 aepirats |

8LAar,

P.perna " (fig 4) -

" The posterior retractor scer is confluent with, end
situated anterforly to, the posterior adductor scer, st its
anterc~dorssl end, - The dorssl hyasus.iﬁtractot_acar‘is
_aituatédnin & line cpbasite tﬁi posterior end of the 1igamuﬁt.
Unlike,gamggggggagggg,mtﬁa dorsal end pﬁstériﬂr byssus retractor

- 8coars ere always well separeted_fgﬁm_eachfother.
Mmmné&_ ffiﬂ 5’
The postariar byasua ratractor star i@ amtuatuﬂ untetiarly

tn, but iz not usually canfiuent uith, the pnstaricx adductor

scar, There are a sarira af cmallnr scara aituated in a 1inn, .

(.
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a8 in Lomeridienalis, of which the largest is the most anterior,
The. numbar of ecuﬁs varies up to Pive s=peratc SCEra, fmt there
Ja:‘a navar‘vléas»ﬁha;;twot. In thié case, tﬁa tuo Bcars m quite
sﬁpaiats, - | B | o
Subilocularis t?s.gfsa .
*rm dorsal mﬂ matuiox :mactur musclo fore s

single cnntmums scar in Ssbijocularis, The acaz: is. mx
dsvaluped' and runs ftm tha‘ groove in the paetemor adductor
scar (cmaad by the foxuard projmtion of that acs:}. pa:ann
to the dorsei wgin of the ahcn ant in & nne nppaaue the
posterior ¢nd of ths xigmnt. The scax cun ha eauily |
distinwhhad fmm the mtathly ﬂirecting pertian of the
. postetim‘ adductor scar, by - differmce in ahell textute. : 'ﬂw
posterior adduntnr scar ssems to hw- - more npm systen af |
: felda md nrenulatime, and thers i8 @ narrow nacreous ahexf
betmn the admctot and ratrwtnrecm. In smuuu specinens
the aenx axiatu #c a slight dtpusai.m in the ahcn, due to the
lsck of mrutﬁ.ﬁn ‘of ® necrecus. mys:, but in the latgmr
mpeciwena obtained from Senta Carolina Islamd, Hozmbiquo, the |
’ptset‘arior ratrnctnr scar is alevatad shove the level of the -

' ahen val\ze, due to . thic._kaning of the ghell in this region,

A‘ Licaensis (m; N

Confusion exists in Harna:ﬂ'a il%&) fiqum 8s, 1, g.

Firstly his nmclawra for m»muscuium,;g sb;olatc; his -
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anterior peﬁal_rntgantor-{é.r.p.f should £had.§ntcrior'b§é§u3jf
'ratractur; hihfpusterin: hedal ratracfor (p.k‘p-i ic,simply
‘-tha pedal retractor; end his enterfor byssua retractor |

. werresponds to a-aeaeexie%eﬁa and acpaxata dorsal bysaua

which is not present in L.cabenais. '
' rat:aetox muaclc imprenaion( - Bscondly, he states th-t the
| sear in Lu"ggggggg,li continuous with thc posterior adﬁuctox,
yet his dtawingu of tha musaulatuxi (fig ﬁf, g) show that thers
are well sepax-tud dnrual aﬂd‘paatttior bynsus retraciox musclas.'
'.Bacausa of the naturt of his muscle p.r.p.. it is auopactcd that
ths fiqurau B8f end Bg are thasa of ghhgggglégg {sau aaettnn an-
,Huaculaturc). |
. The unar‘ef'ﬁhs dnrsnl}bastiriqt bjﬁsuh retractor muscles

i continuows with thot of the posterior adductor; It runs

fnrwandﬁ. parallel with the dnzaai margin of the shell, tﬁh”
sbout the posterior two-@hixds nf tha hingo. Hexe it narrnws. |
The single scar ﬂues‘not'hava_a‘réﬁﬁlar_Outzina. but is expanded
in‘savéra; raginni nlong its length fﬁﬁuall& 3 gi morel; ma:kinq

‘the inoertions of the majox brenches of ths muscles,

M.virgllise (fig 6)

" The posterior byssus retractor scar (co:teépundingv
to Barngid’a (1964) p.:&t.bg; in fiﬁvad) is continupus with
that of the pﬁsfer.j.nr adductor, and usuelly conaists of 2 scars
situated closu,ag;inst thc‘pasterior‘anuqtﬁr sca¥. The dorsal
retractor ecar {Barnesrd'd p.rétr.peﬂ. in fig 84) is nituatgdf‘

enteriorly to the posterior retractor scsrs, but doss not extend
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forwerds under the ligement, Comparatively, it io somswhat
largsr than the other rstractor scars and is scnetimes sesn to

be divided into two ssparate scars.

- S.slgosus  (fig 6)

. Tha posterior retractor muscle impression is continuous
with the posterior adductor scer. Ths acer runs anteriorly end
parallel to the dorsal margin, as far as qxd below the hind end
of ths ligement. The sntexrior ons«~third of the scar is expanded

and is sbout ons and e half times wider than ths rest of the ecar.

C. Eailla) line

The neture and sxtent of the pallial line are more
or 1ess the came in all the species oxmmined, In G meridionalis,
Pipezna, Licspensje, S.sloosus end Movirqilies, there is @
plight depreseion in the lins under the posterior sdductor

ruscle scar, the palliol einus, Ths sinus is wall davsloped

in C,meridionalis, L.cepensis, S.sloosus and M,virgiliss, but is
smaller in P,pwrng. It is ebment in A magellenicy and S.biloculeris.

The ptll.hl line sxtends from tha depression undex the
hingn taoth (or the groove in the valve nt this point), along
the ventral, posterior and postsro-dorsal regions of the shell,
to terminate at the posterior mdductor scer., In some species,

the pmelliel line is continued dorselly and texminates at a point

P
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sbout one=fifth to four-fifths ths length of the ligmment from
its postarior snd, Along the postero-dorsal and posterior sdges,
the pallial margin is asbout twics the width of the margin on tha

ventral edgs.

D. Mysculaturs

The wmuscles in sach of ths gensra wers studied, with
the sxception of the pallisl muscles and the snterior and

postarior sdducter muscles.

The muscles of the mantle sdge, or pallial muscles, ars
similer in all species of ths Mytilidae (Ssbetier, 1877; List,
1902). The muscls band consists of emall, white fibres, which
insart on the shell at the pallial line, and run into the fres
sdge of the mentls., Tha fibres may bs well separstsd from one
shother (Field, 1922) or may snastomoss {Sebatier, 1877). They
run parpendicularly to the sdge ef ths shell, sxcept in the rsgion
doxssl snd snterior to the postarior sdductor (White, 1937) and
to the antsrior adductor (Palsenesex, 1911), whsrs they slope
obliquely to the outer sdge of tha mantls. The suscles ara well
‘developed in the posterior region, whers the mantle fold is
thicker (Fisld, 1922). Here the muscls fibzres run into the
snel siphon, Sabatier (1B77) holds that thess fibres are

squivalent to the siphonal muscles of siphonates,
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The pallisl muscles ars innervated by two pairs of
pallial nerves, of which the anterior pair originats at ths
caroq&l ganglia, whils the peosterior pair originats at ths
visceral ganglis. The psllial nervss mest in the mantls sdge,
forming » nsrve ring between the ccrchél and visceral ganglias,
The pallial nexrves give off finsr branches to ths muscular fibres

along their courss.

The anterior snd posterior adductor muscles are
inssrted on the shell valves in the srsss of their :-apictiva
scars, and run trancvc:snll& bstwasn the two shell valves, In
some spscies, the anterior adductor is smaller than ths posterior
adductor (hetsromyarian condition), whils in others ths anterior
adductor is absent (monomyarian condition}. As has bssn shown
sbove, juvenile specimsns of A,magsllanicy are heteromyariang,
whils adults are typically wonomysrian. Ths posterior adducter
is more or less cylindricsl in shaps and consists of numsrcus
muscle bundlss. Owing to the convexity of ths shsll, the
bundles of ths snterior porticn of ths posterior adductor ars

longer than thoss of the posterior portion,

S,bijocularis is unususl in that the antsrior adductor
is reduced and inserts on the ssptum of sach shell valve rather
than on ths shsll itself. 'Also, the po:i-rinr adductor surrounds

the posterior retrsctors of the hyssus from bshind, so that «
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shelf of nuscle is formed sbove the rotractors (Pelssncer, 1911 3
fig 6, pl..VI). This condition i sleo found in Maleagrina,
Malleus and Isognpmum {Pelsenesr, 1511). '
List (1902) hee.noted that in some mytilids, tha
"postarxnr adduptot seems to be compused nfbtwo~&1fferéﬁtﬁ

colaured fibres.. This s particulerly noticesble in S.bilocularis.

- Bawﬁsn (1958} has ravieuad the histologicel work on muscle

structure, snd it seems.that the histnlngicnl divsazon 4a

~ corselated uith a functim&l one {Hayle. 1964 e

i‘.‘:ontuctim uf‘ the adduetar wne&m n:wsuo the smu, .
and it has been esteblished (Dell, 1689 Truenan, 1964) that

& tension is m&ueed.in the ué@eﬁn lehi.s‘ tsnéim opens the
valves, vhen the adductors relax. Hawny:’ér;f it would seem thatr
ktha -mé:léaniﬁ is more ml&x in the dif‘fexv-ent uymners (711:@6;\,‘

1953, 1954; Chapmsn & Newell, 19563 Yonge, 1955, 1938).

Hecause cf‘ the ﬁatuxe of tha musculamra in the ?m‘ta-
branchie {Briek, 193). ‘Several uarkus husm eanfusad “the
nomenclature of the rntractnr muscles in ﬁ‘l_t Mytilidae (Sabnt:iez‘,
1877; Winton, 1937; Besnard, 1964). For exenpls, Darhard (1964)
figures "antexiax end pasterior. foot retrwm" in W |
yarisblis, M.virgilise and L&..B.Eﬂ.!.& (figs Ba, d, e, f, g), yot
Pumanaat tmm has pointed out that in hstamyaruns
(Hytilidu} and soms mumyarims. th- antarinr fmt mtractex AA

mueclaa, pmsant in pmtabtancht disappuu, and the pustsrm



@
fegt retractnr bocones more aadially placed. 1t de thén‘ﬁhgwn
o tha faot ox pedai :atxactcr. ?urdin'€188?3 aﬁé:nat'?;atch§¥:
{van Nieuyunhﬂvan, 394?)_was the first tnfieaogﬂiha tﬁe‘difkasnce
, fastueen the paea m@x,amm ééa the byssal "muscula'me. ﬁm
has baan confirmed hy Liet {1952). and ﬁhitﬁ 119371 has pn&hted |
out {p. 173 that “the psdal and byaaal musclas are cﬁmplntaiy
sepavate f:amveachvgthgr~and sfter :taqv-lvqf tﬁa cannectiva
tia&ue, it isapnaéibléita'%cmcvu'thé fﬁat'aniiie uiihﬁut‘
”L_diatarbihg»£hq pjésui.” | | |
A g&naml._énhéné far *hha ;}c;iﬁ«h ‘end orientation of | -
“the hya§a1 wuncles is givan bilaw‘aftﬁr Purdie {185?}2 |
The nusclea of ﬁha byssus {all Xnnun as raﬁxaatotn}
%aéétigeiﬁf" (pmtvahaams) :
te thot of %ﬁa iae% ﬁaaﬁer-%¥ﬂs%—se%%ae%eﬁal
£§§;Lézgg-tﬁa aﬁductots, thu~byssus rctractara mﬂka up tha gsea%

bulk of the ﬁatarnal’musculatutu."'Thcg‘cunnast,nf thrsg paix&t

(a} zhu antarinr byssus xutxactor ﬂasclei, uhinh criginata
at the byaaua oend paﬁs fozwaxda betwaan tha fbet retractur&,
‘;ﬂivarging o8 they do so, to insert on the shelz at their

appraptiatc muacls scurs.

{b) the dorsal ratractars tsuan, 1926). or middle retractors
y;,(?uraie, 1887), which araginnta at the byssus ‘and Tun
" dorsally (sumatimea pnsteruudarsslly) to insurt ot the ghsll

- at the dorsal retractcr muscls acara. - 5’
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{c) the pustar,wx' bysaue xstra:tm: muecles, which xun from -

the byssua in . paatum-do:snl direct:l.nn to insert on the

~ shell at thsir appxopriaw .ac-arl.

Thzs hyesua is themfota situated at the: apex ‘of thm
'rauscular Vg th' enterior v (anterier bmus rotractors) is
 nearly her.iz,cmta&; the dorsal V (.dnrﬁal byesus retractors) is - ’
: nuntly upright; end the pulteriur v ipnstarior hyswu mtmctnm} |

rests on the pnntarmx m:dwtur nusnla. | |

" In so'm 'Spfecie'a. the doresl and pﬁaﬁcxioi' retractor
musc:lcs cannot ﬁe dieti&guisiwd f:m ona aﬂothar, and in gﬁgﬁs
cases, 1 have celled all tho muscles the pasturwr bmus ratrmtuz o

wuscles, There are thurnfam two groupst

() with separate dataal end pastarinr bys!us retractor muscless

ﬁw &AM& end iﬂ aone 89*‘31’@“3 of M&m
and g,mrgdggngg

(b) without a sapar&te dorsel bjmmis retrector muscles L,cenensis,
 S.8lqoeus, ....,mmmm usually A.mogellenics and
i:amgﬁmgia.

B.perna (figs 9, m}( '

(i) anterior byss
The antu:inx bymm ntrac.tcx musclea (ﬂm

;@ i _snterior nf‘ List {1902) ), cansz.at of & peir of muscles

 which axiqimte ont the mtnxior and mtsr htaz’az sdyges ef



pescs

;Tﬁo origin of the hydwa‘ wtxa::tar Am:ieg: at the 'Eyamv in
Eepozna

: ‘bya.thdé « byosus tmm; Bya.iaa. - 'byaeus' im&n‘a; '
'a. bys. :ret. - mtar&oz hyssus retraetnr muscle; d. hys. zet»
- :mrsal byssus retrar:tat macle: P hys. ret. - pasteriuz |

Ahyssua retrsf:ior msr.:h.
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| The orfentation of the byseus end padal musculsture of P.perng

_ 'v from tha“iéft eide. |

ft. - faots pall. n. = pallial 1ines pall. mar. - peliiel -
: Tv‘mar‘gin;;' .;':':'. add. . -vpastéfmr adductor @’écie;" ».‘-ft..-'_rg.:t. m.
- ?@t rotractor muécie} a. bys. ret. m. ~ ‘éﬁtﬁri&# bya_iua

retra,ﬂp: miscle; d bys.-"-féf(‘.'. ‘m. - dorsal hgs_aué _iﬁtr&ctnx

musele; p.bya. ret, me - paaterm ‘byssus retracter muscle.



d. bys. ret. m.

ﬂ. ret. m.

a, bys.ret.m.

.7

p. bys. ret. m,

p. add. m.

paltl. ln,

cut muscles of lt. valve
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tha §yssu§ oxgaﬁ,'ahd«whiéﬁ 6verlay £ﬁa points ﬁ?‘uiigin of
the darsal and poatamict byssus retrector muscles (fig 9).
The pamred anterior retractors 1eavu thair nrxgin. pass |

\ betueen the fgut metractars and £un in an ant&roodarsai

' ditaetiﬂn, aeparating aé»thgy ﬂc sc, to inS&tt an tha shel& T>Q

at the region a? tha em%eriar byﬁsus retwact&x muaexe ﬁcata.A-

,fQ.A% 2 point juat aﬂtﬁrﬁmr tc tha careh@& genglia, end more

' darsal to them, tha musuiae pass thraugh the mantla ta thair

‘ pﬂints uf insartinn 3&& mﬁﬁcles~sté white xﬂ ceiaax and

alipti¢81 in arasaaaactibn, their gteaﬁaat axia haing in a

'dcxanwvanttal plans, |

(fig 103

: althaugh the dnraal byssns ratraﬁtar muaélns arzsa

" dn cias& cuﬁjunction with’ thu pastexiex bystus xatra:tars,
: itheir pn;nts af e:igim may he seen o 11& oh the dnxaal sidaA
‘ of the hyssus argan. baﬁwaen the painﬁﬁ mf arigin nf tha |
’antux;nz :etractars and the posterier rattactota !fig 9)._ ”
_?hu muaeie censists of & singla meia bundle, which is dorsge
: ,9entta1ly flattgnad. | It runﬁ frem tha hyasua in a azight;y
poatnxa-&arsal diraetion un eath side, and inserﬁs aﬁ the
;',,darsal bynsus tatractor muscxa imprassian. | At~thn1r points

~ue:rif‘ insertinn. tha.darqal rmtrmcthrs are‘airculat[in cfusas |
J suﬁtiana ?hg‘genurhlféhahe“hf ih@ dorsel bysaua'ratraetofA“
" mugcle can be daﬁiataﬁ as an inuarted cone, the epex ‘of which

ie directaﬁ enﬁn the byasns apparatus L
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{iii) gposterior byssys retractor muscles (fig 10)

The paired posterior byssus rstractor muscles are
somewhat dorso-ventrally flattened, snd have their origin at the
posterior and postsro-dorsal region of ths byssus apparatus ‘
(tig 9). Their origin is mors medial to the overlaying dorsal
and anterior byssus rastractors., Ths posterior retractors
pass backwards &n a postaro-dorssl direction and insert on
the shell at a point adjscent and anterior to ths posterier
adductor muscle, Ths muscle arisas as a single muscle mass,
although ssparats muscls bundles can be distinguished near the
insertion, The number of muscls bundles variss in diffarent

specimens, but it is usually similer on both sides of ths

snimal.

erid (rig 11)

(i) asntsrior byssus ratractor muscles (fig 11)

The pairsd anterior byssus retractor susclss have
similar origins end run in a similar direction as in P,perng,
They insart on the shell about one-third the lsngth of the
ligament from its anterior end. The muscles are cylindrical

in shaps, with their grsatest axis in a dorso-vantral direction,

(ii) dorss) byssus rstractor myscles (fig 11)

Dorsal byssus retractors ars usually not distinguishablse,
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| Tha arimtaticm of the byssua and gadai mtst::ulat&re u?

g, o8 geeh from the ?wft s&&si: .

"",»ft.a " fme; ;;au. in , - pamm 1mf gmm mar. - pauw. -

| -m&rgin- ~ m aﬁﬁ. m. - p&at&ﬁw éﬁduutmr musc}.m ft; ret, m

e fcmt ratractaf nmm:le- a, bys. xa’t. m. - antarior bysaua

. :‘etractmr‘ msg;g; e b‘ys-.: Tet. m. - ;pasta:m: bygms e

’ mtxagi::f muscle.
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FIGURE 32

' The orientation of the byssus and padal musculaturs of

- A.magellsnica; a3 seen fmm the {;iqf’*t side.

. ft. = foot; bys. thds. - byssus threads; pall. ln. =

. balzidl‘ltne§ 3pat1.‘aih.'a”p;llinl sinus; poll. mir. «

P pallial marging © p. adds m. = ﬁaéte#i;am ‘adductor muscle;
-ft_‘.-l'rst'.. @; ofoat zfatiéd‘té: ‘mdscle: a. bys. rat..mi -
antarior byssus rotracter mua:iasf ,;b‘v. Sys. rat, m. - posterior

, byssus retractor muscle .



p. bys. ret.m,

p.add. m.

.pall. mar.
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patl, In,

~cut muscles of rt. valve
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ft. ret. m.

bys. thds.

a. bys. ret,

ft.



IGURE 33

The nuscles of the 16?% shen amive of m shwing

esp'»cia.uy tfm dua). natum of the foot mtrectax muscle. -

’ bys.'lm. - byaaun lamiha;r ‘&. - fonts dox, f’t. ret, @ -
dema}. foot rstractnr mueele' ven, 'li't' :Eet.‘ M. - wntmi’

foot retracﬁnx- mum:w; a, bys. r:et. fa. - mta:ior hyswa _
getractnr miscles p. hys,mt. e ‘-»»po‘s;tatiﬁ,r byssus rsttach&
| :mscus ing. ft. zet. m. - Ainaeﬁts.én' n‘F the ?wt xetmc'tai
ﬁus&lég ins. P bys. mt. Me - inae:tim of the pustatiot

" byssun wtrmtax‘ mscla.



ins. ft. ret. m.

p. bys. ret. m.

{f

~ins. P. bys.ret.m.

dor. ft. ret, m.

ven. ft.ret. M-
post . Dys ret.m.

bys. lam.
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and the muscle bundles simply run from their origin st the
byssus to inssrt on the ehell at s scar, which is continuous
with the postsrior retractor scer.. In some cases, 2 or 3
muscles bundles are well ssparstsd from the main muscle mess,

and ars termed dorsal byssus rstractors.

{(i11) posterigr bvseys retrector suscles (fig 11}

The posterior byssus retrector muscles consist of
a single muscls bundle on wach side; thair origin snd
insartion is similar to f.pexng. The muscles ars dorso-
ventrally flattensd,

Acmegellenice (fig 12)

The snterior byssus ratractor muscles run as in P.perng,
but their inssrtion on tha valve differs in being mors
forwardly placed than in P.oerng. The muscle originates as
8 loop on the lateral snd posterior surfaces of ths byssus
spparatus (fig 12) and runs anteriorly bstwesn the pedal
ratractors. The postsrior byssus rstrasctor muscles run
from the wmid-line of the byssus in a postero-dorsal dirsction
and inssrt antsrinrly to the postsrior adductor. When
dorsal byssus rstractor muscles ars distinguishsble, they
consiast of 2 = § separats bundles of muscles, running postero-
doreslly snd inserting on the ahell in a sexies of scars in a

lins opposite the end of ths ligseent and antsriorly to the



s

posterior retractor ‘gdagie.v L

S.bilosularis  (fig 13)

» Thaaa msc:len ha\m th&ix ﬁzigiﬁ on tﬁs mtaru-
later.aa. and aﬁteria: sfegm& af' the hysauu apg:ax*atut. tnv
_mm %he msst:ia runs antaraawntniiy mx am:h sida. ;
%o insert an tha sheld at — situated abcmi: half‘-way elong
‘tbﬂ ugmt. The nuaz:lﬁs paaa th:\mgh thﬁ mant}.e juat abme o

: o Gitle in Spat of
cm: sore antoriecsly & the cemb@x ganglia. At theit m:igin, :

ths msx:lcs ore ci.x:culaﬂ: s.n crosamammn, &ut tuwards thoixr

insurtian, they becqna ,law:any flattenad.‘

w{f;’i‘.g 1;'3-} .
Since _éﬁxsaﬁ. retractor mumlea smt ?ﬁa;‘dist:&hguisad; |
all th musclag e:étamgi posterior byssus reteactors, -
These muscles ;éﬁsiei nf & #inﬁlé' grmp of muscles,
| , mﬁseé of mww hundlné,f which h@a their origine on the
ipu'sﬁoriar and @gmma xegiona of the smm gz.ams
Their mstera—sdarnal uxigin s.s smwhat mm mediel to the
erigin -of thn mtarimr bysaus mtractm, whmﬁ overlay them
' lawrauy a‘t this pn:mt. The muscle bundies pass domauy
and pnstrrio:rly, ond insert on the valves at their impmsaiuns(a,sq ‘
The most ‘postarioy af~ the' bundies liea againatthﬂ oval pert

LoV fd
of' the pasterior edducter (in t&a mx}, and thay are shelved



The musculsture of the left valve of S.aigosy 8, showing the
division of ths snterior byssus rotractor muscle into two

branches.

ft, - ‘foots bys, - -Byssus;f 8. .bgé‘. fet, sj'._-»' anteﬂerbyssua
retractor muscle ;  p:. Abya.' mt m. = postsrior bg‘ssﬁs retractor

muscle; ft. rot. m. - foot retractor puscla,
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FIGURE 26
- The musculeturs of the left shsll valve of kscapensis,
ft, - foots ft. ret. m. - foot retractor muscles

o, bys, ret. ;. - anterior byssus retractor muscle;

pa.byd, rot, @y - puétmrmfbgésus, retrsctor 'mnéc}.:n’.‘.
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dorsally by thé prntfuéien of the adductnr’{ane,éhdva).

ao.

S.algosus  (fig 14)

) (f@g 1&) .

‘§agggg§g§qia unususl in @hat.thata are two anterior
byaphs»:atrabtat muscles on eacﬁ7b£de¢ These muscles incert
st two separate scars dn eoch shell velve, just behind the
hmbﬁnaé,:and‘at,a‘pbint,ébnutvnnauquaxtex thﬁflength of the
ligament from ite énteriér'énﬂ;  The antatinr retractor
muscles on aach sidc. hava %heir nrigin o8 @ singla muaﬂle
mees, situatad an ﬁha anterinr and antarooiataral sides of
the byssus urgan, and thay TUn antato—duzaally. -A short

"diatancu f:um their urigin. the single munnla-méls splits'_
»intc tﬂo diatinnt muccleﬁ bundles, . The dorsal bunﬂle ia

by far the 1axgaat and snnetimea uhnwa signa uf uplitting
into bundlcs itaalf‘ Hawavar, thare axa ulunya unly two

scars on esch of the shell valvca.

-‘(fié 14)

(iii

_ Thera is ﬁeparate darsai byasua retroctor muscle.
“The puster&ox ratracturﬂ conaist nf d -t bundles af musculsy
tiaaue, insnrting on the shaxl in g line patallel to the
. dorsal side nf the shell and oppasita the postaraar end of
‘tha 1igamantg The nnat postetinx of the bundles inserts on

“the shell adjacent to, gné'nnterlar,to,_tha_insemtinn‘of the .
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o “ te mode of
posterior edductor, Hacause of [the insertion of the padal

retrector, the most anterior bundle is expanded at ite
_insertion. . The origin of the posterior rotroctors is on

the dorsal, lsteral snd posterinr aurfeces of the hyssus organ,

‘R virgilfse  {fig 15)

; This canaxuts of a aingla muacie bundln on each sxda.
having the same urigin on the hyaaus apparatua as‘g“gggggh
 and xnserting‘ﬁn‘theﬁshsll,valveg es circular scers in esch
‘j”umbat

(14)

g (fig 15)

' The dorssl byssus retractors ars wsually split into
 tNﬂ muscle hundles‘nn eech éidu: " they run fxom the erigin
on the bysnus ﬂrgan aﬂd inaart nn tha shell valvas at thsir

,aﬂptbpriata scars(& i)

{fig 15)

(iii)
These ﬁuscles have their origins on the posterier,
lateral aﬂd madmal aurfacas of the byssus organ. They run
postato-duraally und 1nsart on the shell, antericr to the
peatariar adductor muacla. As with the doresl retrector,

tha'poéteriﬁr retractoi is;tplit into two bundles,

-
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Licspensis  (fig 16)

cf;q;xs:

e ! asngle wuecle in ¢ach valva. zunninu fram the

byssus to the shell. as in,ﬂﬁgggggggg_

(is) (f&q 16)

Thata is ﬂo saparata dorcal xatructor muscli.
The poetarxnr byssus Wetractnf musﬂlee cuniitt of 4 - ?
bundleazuf musc;u..otiqxnating atvthaﬂbyaaus‘ahd_:unninq
postero-dorsally te in#erﬁ»onTthe'ohell'pt a scer, which is
 continuous with thet bf the posterios edductor muscle,

?‘AW\ ﬂusw.\ ature

Thn padal muscles ara cunnccted thh the mavumants of
'the foot alons, and except at thair points uf insertion en the
Tshall valves, are entirely separate ‘rum the byssal munclss, tn-:
which thmy axe joined by cnnnentiveztiaSun._ The pedal musculature
 consiats of two gfbups‘of musciess; :
(a) the intéihaic @uacléa of.thu foot - a thih.lay;r 6f
| 'ei;cuiar.muaelexfibtea 1yin§‘und§£ ihg'cp;thaliun-nf the
_ fnut-iriwld..iééa i'figssiaé.nlds)._ Yowards the tip of
“the féot; thuse‘ﬁuécle fibrea<bacaMi §b;iquer srranged,
to form & caa:sn network. Contraction of tha éirculér 
fibr-a resulta in cn 1nereass in ptassu:a on the blogds .
filled cavity of the font “and with subsequent xelaxatinn

of the foot retractor msuscles, extension of the foot takes
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place,

{b) the sxtrinsic muﬂclea of the foot - these are the foot
or pedal retractor muscles; the M, restractor géd;t of'
List (1902). They have their arigin in the foot and
zun as iongitﬁdinil #ibres in a dorsal dirsction to
insert on ths sﬁiil‘valvﬁs. Contraction of these muscles

results in retraction of thes foot.

The pedal musculature described in this paper is that
of the foot retractors.
P.parha '(fig 10)“

The inssrtion of the foot retractor is at the
mid-point of ths dorsal side of the scar of tha‘do:sa;
bysusus retractor muscls., From its insertion on the shell,
the foot retractor muscle runs along the dorsal surfacs of
the dorsal byssus retractor muscle, in an anterc.ventral
direction. At a point sbout ons«third ths length of the
dorsal retractor, the faat retractor runs arouné the anterior
surface of the byssus ¥ntractorAand separates from it, It
céntiﬁusﬁ antaro-ventrally and traveraes the anterior byssus
ictractar muscle exécrnally, before running into the foot on
both aides, At itg insertion, the foot rettncﬁor is circular
in cross-section, bu£ befaore entering the foot, end whers it
crosses over the anterior byssus retractor, it becowmes

laterally flattensd., This flat shest of muscle enters the foot
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end runs slong ths doresl end lateral sides of that orgen.

Lis (rig 1)

Thé.ae;a:e ot 'martiun~“of the foot :g&acﬁr muscle "
is on thakvéntral Burfiea uf.tha ﬁnat anterio¥'scgrvaf the
.,fpaateriﬂr tétruttof musélﬁe.-ﬁi>in ﬁhose‘éﬂecimens‘uith B dorsal
o ratractoz. on ‘the vantral nida of tha dorsel rettactor scar. 1t
.elungatea tha scar entarn~v;ntrally. Frém ita ineart;an on the
'"ahall Valves, the foot xatxoctnr runs anternnventtnlly on each
aide of the visceral m;;s,‘as a aing1¢~muac1a hunﬂle on sach

. gide, ?his bundla becomes - 1nterally comptnased 89 1t traversas

tha anteriar byasus ratzactut snd unters the foot. .

'h A,magellsnice (7i§‘125v"

| The gs&%% eI insnrticn nf the fnot retractor muacle

| in this Species ie on tha dorsal sida of tha mnat anter;or scar
of the pasterior byssus retrector muscla. ~ The foot retractor
n runa as in g;g~£ggg it alsa ttavarcaa the antarior bynsua ,

,vretxacto: cxtarnally and xuns autu the fbat.v
S.bilocul (fig,l3)
The musclaghas‘iiswniigid along tha.ubper dorsal side
of the foot: Tha foot Tatractor is not woll developed in this
 ipeciis. On emarging fram the foot, the separate muacis fibres;:
which in some apacimans are atrangad into tvo bundles uhile in
others ramain an & aingle sheat or fascia of fibres, pass

. ‘dutsally and extarnally across th&-antarior;bysnua :&tgactar
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'maaias. They khan xun paatemudataauy gnd’ pt posm:s a&aut

" onaoﬁhi.rd the leﬁgth of‘ the mamier bymw xet:antor, dlvide

- intn smnar bundlca, whzi.t:h penetrah the diffemt muscla

bundles of thss paatexinr byssun rwi:acw:. ?htme smaue:
vhundxess pas;ﬁ thmugh tﬁe ;:osmiu: ntxmtar buadist (fb.g 13)
. ‘ami *un m}ba 'khe inner metﬁ.afi side a‘f‘ thcsa hundlas. 'fhey'

~ inmm: of - the shau va}.va zﬂ,ﬁﬂg the dorssl side aof tha poatarior C
o byssus rettactor m::le impmssim at several M@- 1’hexav |
“m no diatim:t acm f'oz' %he ﬁsur:tiuﬂ o‘!" t.hs foot ratracm
In mss whems tun f‘etst :tatmcmn ars praaemt on am:h aide,
.f\'the mm dnmes. m M the mrgen, while ﬁhe man.ux vsntml
one. sam s to hava i&s insez:‘f:m on the wta:: lntara}. sidas of a*.!s«sj f

B poataxia: bymme rstraf:tor mscle itaelf.

| Suslaoeus . (fig .w)

, » ‘rm foot rmactmt urigi.fwtes ‘slong the doraal Biﬁi
kci’ the fost, from whi:h 3.% mrges, md rung pnstem-dmmy. |
1t is qui.te suparate from ﬂm msx‘ta:iar byssus utractar mcla-
'It s.naﬁrm r,xn !:.hs atw.‘il on tha mt&riﬁx ésrsal m.da ﬁf" the )

pastminr bynsus rets:aatot m:ev.

mgrm (fig 25)

‘f‘hﬂ inam:lnn af ﬂm foaﬁ mtrat:wr muscls is on the
' amsm-»darsal eages af’ ﬂm darsa;. bymua retractor maf:le ﬁcal‘.
i’m ite .’msarﬁm, the mscze imedia%ﬂy runsg nmmé ta ths

mt&rm eﬁge M‘ the t}awal mtrmtar and smpaxatea fmn ﬁ:. '
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1t cmtiwes antem«vmtrauy and hemes lemraﬂy flattoned es

it does so. It i:x'avaraea ths mtcrﬁur hgssua rotroctor mscle

exteman.y, but here it ﬁivstlns inta twi muscle i:undles. »

{ni a small mteriatly di.recting bumile - thia consists af’ e
| few mmcla fibxas only, whieh sapamtn fmm ths main |
'portim of the fwt mtractbr at a poiﬂt opmsiw the
dorsel ndge nf ths mﬁeriw byaws retrmm. It rune
antnﬂ.o:ly foz: . shart d.mtance m the 1@5&1 sidse a?
‘tha aﬂtaxiur by:sus rawm:m, md has itas arig&n on the
: iataral mzi wmtrax sides of thia wscle, a shoxt diatmcn

in front of the padal gmgum.

() the main humdxa - this waasaa over i:ha mterior bysaus '
| rotzactor muscle end dives into the foot. 1t heo 1te

origin along the doroel and lateral eides of the foot.

. W (719 26).

The foot mtractoi‘ has its. 1nsa:tinﬂ on the dnz:aax. aids

' of the mat antarior scar of the pastarim: hysmc retractor |
"muscle, It rung elong the inner dnmal suzfaca uf the postexior
\ rotractor, in en anterier du:cnf;im, afm tutning antero~

B ventraliy end rﬁmiﬁq into the foot, as inqﬁggm.» The muscle |

does not brench,



Diesecticns wutalpuxformud under & binocular miéﬂp-
scnpe,bn béth 1iving'and preserved magétial; ?ﬁe déscziptiéha
' an& drawings are tﬁercaﬁpasita results of not less than ten
- full dissections fer each spocies. The nervet‘af apécimang
 preserved in formalin were essicst %o follow, but wers brittle.
-f?naéing of the finer nerves was done with the aiﬁiéf micIOm
disnectors, ﬁanufadiumad~by Singer Instrumegts. Vitel staining .
' with methylene blue was tried {&lax-ndxuuicz. 1932}, but wes
found to be unsatisfactcry due to punr psntttntian. ﬁacausu
of the expense, the nemin ucid mothod givan by List (1952)

way nnt uaed‘

’ :Caﬂéikerabls‘anﬂquianﬂexiita a3 to the correct
,texminoicgy cfjthe ae:va; uhi:ﬁ ariaevsz the pedal gaﬂélia end
'which innervata the musclos ef the. fbut, the muscles of the
hyssus ond tho byssua ittmlf. Purdie (1887), Field (1922)
k anﬂ ?akahasbi {1960) have uaad4aﬁ English terminology, while
List {19&2} has preferrad the classical nawencxatute. For
his wark on fppdonta, sp1zttat3nacr 119123 has ealled all the
nerves Nypedalis, and has distiﬁguiihed_%hanvfnrtbux by the uss
~ of fumerals, ._Tha'numaﬂnlgiuxg‘in thié»pdp@t-fbilauﬁ Purdie

(2607), Fiold (1922) and thite (1937) where poasible.

The pedal gaﬂglia lie on thn éaraal suxface of the -

aatax&ax byssus ratrectox muscles. just antarinr to the pcxnt
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where the foot retractors pasa laterally over ths anterior

byssus retractor muscles, Ths genglie are sgg-shaped and

are usually coloured orangs-yellow in unpressrved material.

The ganglias sppear to have fused into a single mass, but a medisn
furrow indicatss ths dual naturs of this msss, The apicss of
sach ganglion point anteriorly and slightly laterally, snd are
connsctad to the cersbral genglis by the cersbro-padal connsctives,
These connsctives run anteriorly, along ths dorsal surfacs of
sach antsrior byssus rstractor muscle for a short distancas,
before crossing latsrally snd chliqusly to the ventral side

of thess muscles, to unite with the csrsbral ganglis. The
cersbro-psdal snd cerebro-viscasrasl connsctivess are separats in
all ths speciss, except L ,cepensis, in which the two ars joined
to forms on ssch side, a short single common connsctive, which

smergee from ths posterior end of the cerebral gsnglion.

C,muridionslis is peculiar in that the cersbro-psdal
connective passes streight backwards from the cerebral ganglion,
runs thrpugh ths snterior byssus ratractor muscle, splitting
it in two, and emerges from the dorsal sids of that muscls

(figs 19, 20) to terminets at the pedal ganglion.

Although List (1902) snd Whits (1937) figurs only
thres pairs of nerves, besides tha cerebro-padal connectives, the
present study has shown thet four pairs of nerves lsasve the psdal
ganglim. Thia is in sgresment with Purdie (1887), Field (1922)

and Tekshashi {1960).



- FIGURE 27

The left pedal gmglim and aamimﬁ 'n'-rvam vof’ gma ﬁhowf.ng |
the imervatiun of the fwt xetracwr and byssus rutractur mﬁcxes

Bnﬁ the byssw.

¢, ~'font;‘ 8. bys. rat. m. 6 mterior byssua mt:nctﬁt muwla:

) d. bys. ret, m, - dorasl bysaua Totractor musc:.lu; Captaly
cerahp-pedal eomeztive; a. bys. rat. n. v ame:iat byasus A
'retractor mva; a. ft. ret, n, - aupcrficial foot rstractor
ne:uug ft. ret, m, = .fﬁﬂt mtxjacm mcu; p.g. - pedal |

| gm‘gmng ‘ -ip.n. - pa&éljnamé; bys. gl - byssuvs‘ ulendg gyg . he
- bymus ema; Ve Ih}‘"rt&fa»ﬂ.ﬁ ~ ventral byssus rstraett;i

nexve, R
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- The pedal g&zglinn and ,dg:r’tﬁ 'mimm' éf fm ahowing the

_dnnorvation of the dorsal end posterior byssus retractor wuscles,

"p.r;. , ;za:sal ganqlim; c.p.e. - camt{a—-pedaz connectivs; ‘
pm. - pmx. ner\m, d bya, m; m ~ dorsal bysm rmactnr

nsm; d. bys‘ mt. m.v- dox‘sal hyaeua tstrectnr musﬁe; |

; p. hys. rat. M, = pesterm byxsus mtmctnx wscle.

N



- NATIONAL INTERLIBRARY REQUEST FORM Cﬁ_c; m . Ehrhdhl requent
= S, 1 94:4.0707 Matarial

8 Requested

. Thelibrary s DL € /2 e eeeereecees oo
§ Sea Fisheries Tesiarch “nstpte AT / .......... Ramersd 8 e
.

rrivate Pag 2 Number of nattonal coup DO <. eeve ettt e e e et e eeeai e
Rogge Ray , ldings only Protocoples ¥ m/ fiche Clreular
8012 (e ke O O O

2.  Author of the book / Periodical titte

Griffiths 7 J | e

Title of book or BAR B Ok o Chmmytilus meridionalis According to 0o c [Juntest CJeea avaflable at:

ROMATKS: ... iveniveenraerisnsossessrosrssesssssasranscassossssnansarnesanacosnasonsas
Ihd th.’is ucT ............................... R RRRR L R R LR AR LR R AR
- ‘ . Y R ’ - ; ' ‘ ...................... FRREE ’. o : Nl
———Place Pubiisher: ‘ : S " Circular I L A et ot trived-on lost circular, o
Year Val. Part no. Pages ISBN / 1SSN Placed on loan bl{g\lnﬁxﬂ ........... pored m"ﬂ e .~"’“mwmﬂ,
_____ - P
A O o X1 s BAvailablen: T R S
Hision'V Bibliography in which verificd:  (or solirce’of reference) o - - e
D fILL If you wish to order this material from an overseas llbrary
kindly fil! in International Inter-Library Loans request form
7. LENDING LIBRARY RECORD
20 3. Lending Library Address (other than State Library) - Request Tecetved 00 ......c.covicennnnnnaairnaens Material despatched .II - —.7 L .L/
2 — - r N —
L Ve oo ARSI . e tesamcsacereraSressanenany
38 Inter Library “oans Dept el o oty oy VeI o
- N - turn before 3., .97 .. eeeepedons
e University of Cape iown P nPw/ S0 poT ety
88 Trand t B D Renew sible .
; g rIrivate bag [ For use in borrowing Library ?omm pal.  [Jrroocopy []2um/tiche
™
i Rondeboach =z
s 5 C Settlement Pages photocopied: ....cceveciiieoninierenioaaanns
- 4. Holdings/material not supplied, because Nationsl coupons recetved: .......... gor DOBS Liieiiiicnnnan Refunded: ............. 1
Dunrvad for you Dcund. be reserved for you D {nformation insufficient, p mpl POMATKS: .. .uoruuneiseuosarassaorsnsseosssceasssasssaressssantsessrcosnasnsasenisss
not loc: 3.C., Uninat Plaal |  cccrereicieticatiitersertrsctsetcriscsatertssarnosssoetoctitirgsisccssrconasssoniissne
[t 1o st [t gmmn o= [] mottoomedin 3.C. Tmimal Blasl
Dln use Dm u m'“n D mHlml!‘ ---------------------------------------------------------------------------
Remarks: Llpal report; .
Returned publication recetved 0B ...c.cocecreeress DRSSt .. ..ccconvnscronccrnsne



.:.Q :

.U.Q.Q

e ——  NE——

"u‘ja4-shq-p

Cewr3aacshgd



“FIGWRE 19

- The pedel: ganglicm of &W seen frum the 1aft side
and shuwing the innarvatinn of the anterinr bysaus retractor
‘muaela and fbot retractnx muscla. - Tha outex limb of tha

antexior. byssus zetractor musc).e hae bmn cut away.

’ p".q. - peﬂb’l gang.linﬁ;. t:.’p.c. - cemtip;padﬁi 'cnnnai:.’ﬁiwg th

limb AREM - inmr limh of the anta::u:r byssus ratractor muac).e;
. bys. ret. fle = anta:rinr b_yssua ratractor nexrvep ft. ret. m. -
| fqot retrmtnr m}sgle; t, -v fgo'l;: p.n. - -padal nerve; outer

- 1imb ARBM'-_«:utexf limb of the anterior byasua"mtmctom nuscle.
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© [IBWRE 20

& dorsel view of the pedal ‘gm«m of Cmorjdipnedis in situ,

| ‘with the font rmsam musciea remvad. ‘I?ba ‘pasoege of thaa

A cemb,gaupadal mnncctiva thrﬁugh the mtexm hyasua retrector

: muacle is srham

', .r.t.c. - melgs-padal mmtiw; ‘d, bys. rat‘ Ny -~ domel
hyssus mmctar nerva: De byn. mt, m. - mtax&o: byeeus
retrector mscle; ve! bys. Et. N, = ventral bysms retroctor
- na.rvs; peg. - pa;ial genglion; s ;bys.‘ ret, m. - antarm byasuﬁr

- raetractor muscle,






. The left pedal ganglion of mwend eusnciated nervss.

“The foot retractor muscle has been pulled antam;-\rehtmn&a

'p‘;.g. -Vy.;xedai gﬁng&i&ﬁ;:' 8. bysﬁ.‘ ret, ne - mtetwr byasus

- ?éita:tnt{ nam; é»g,é. «- éérs?.i'e;peﬂéz ;ﬁm?ctiv'u:‘ Pelte =

| peaal nox;vlng t. rai:. m. -‘i’nﬁt xatra:tnr nuﬁ"aie’g ’ 'ft,."-‘-' fbci:;
bys. - byasus* by. n. .l - byasus nerve 1; by‘ n. 2= byssus
nerve 23 p. bya. rﬂt. N - pmstexiar byssus rot::au:tar mc&a,
v. bgs. mt. Ty w ventral h,yasus mtmctar n&xve; a. b,ys. ::et. ,

"\ m. = onteris: bymua xmanmr ;mscla. -



p.bys.ret.m.

a.bys.ret.m.

0.0. v.bys.ret.n.

. - a.bys.ret.n.

c.pc.

p.n.

| by.n.2

ft.ret. m. by.n-1
bys.

ft.




. FIEURE

:_-?tw left pedol gmgliuﬂ of M&é&i& and a:sm:im'ea nerves,

"!‘ha fmt retreutnr macla has haen punad antamventrauy. :

' p‘.g; - Pﬁdﬂl E;Sﬂélion':, &:.p.c. - cmfio'-padal connective;
- 8 bya, m’i‘; My = antarinr 'hyséuiléétzmm‘m@iegl s, ‘fts Lmet.
LI supexfiéial fupt retracior fng%v&;" A_a#. &ys:. Tet, n, - ‘mteﬁ;nr
byns;ga?éumtqz‘ nerve;. ;,é._n. - ggdai fiorves _ft. 1ot, M. -
lfnat:mttactgr mple; 1 fg.'e- fbpt,; .pys. ne - l;yaeus nem: '

v bys; xn’t. e - ventral byseus ietxfaﬁtm nmag pe bys. mt; n.
L. pﬁﬁt&tiﬁt byssus :atrar%nr musr:la; d. hys. mt. n.z - dorsal

byssua z:etzattor nsrve.



' p.bys.
d.bys.ret.n. ys.ret.m,

c.p.c.

a.bys.ret.n.
s.ft.ret.n. V. bys.ret.n.
.n.
P bys.n.
ft.

ft.ret.m.




The left peﬁal ganglion of W end aaanciatué nerves,

‘Tha f‘aat xetraem macla hao bcan pullcd antarwentrauy.

. Pege = «pa&a}. g‘wgiﬁ.vnﬁ;f‘ c;p;c.‘ - nmk{oo»;:sdal éuﬁnmtive; |

f‘_ja. bys. mt, m, « mturinr tsyssua mtxaam muscm; 8. by#. ret,
Vh fie = wtsriax i:ysaus retracior mstw, p.n. - peda:l mrvm; . |
- r, rut. e - fmt rattai;:tmt maclag ﬂ. - fwt: hys. - hyssuag
Vhys. A, - bgssua xmwe; v. bga. xet‘ N, - vantral bymua -
"xettactor notvey - 9,3. bys. Tot. B, - mtari.o: byaaua sotractor

- musclns d. bye. ret, n - a:ar:sal byeaus mtrwwr nem.



c.pc.

a.bys.ret.m.

pP.bys.ret.m.

V.bys.ret.n.
a. bys. ret.n.

bys.n.
p.n.

bys.

ft.ret.m.

ft




. FIGURE 24

o ’Tha left pedal ganglinﬁ of‘ gncaaggsga and associa'hud ncw«:ra, v

) ‘The ﬁwt retracm musclo has bm m:llca mtam—ventrsuy.

.g.v - pa‘da!. ganglian; c.p.c. 7- cemtp-padax cmactive-

8, bya. mt. n, - antariar byuua ut:actm* necve; p.nl, - |

f;ndﬂl mr.‘ve; 14 9 mt. Mo = fm::t :'etsmstua:f macla; ft'. - :fmtg '
h_vs. - byasuag bys.n. o bynéus mvu;. v. bys. rat. Py = uenw'
hyasus rttteztur nme; p. ya z:ot. Ty - paat«nﬁur hyaaun . B

) -ret:actgr mus::le; d. bys. rot, h. - dﬁréal bysaua :mttaeter ’

naxve,
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Al.thaugh mmd in ﬂnﬁ&e..&a% Pax‘dia (1887,
- Pe 3&3 hea aescrmd i.t a% '.... a small mm that bncms 1ast
in the mtractom nf tiw f‘oat. u.at £19023 givas no mﬁm ‘

. pert fex this nexve in M ilus g ; Lis hut it may

‘ be repreamtad by hs.n ﬂzggﬁeatg;m .in part _ Hnwver, tha
megu shouid arise fm tha wratp-viaenmz |
| cmnentiva {Hhito, 193? 1 fig 33) and mt fm tha ca:et;@-
pada& cmnm':tiw, o8 f‘.i.gured by List (.!.902 ' *Fig 1?). Van
V‘Nleuweﬁha\fsn (1947) ﬁtatso thxt tha nerves which :innervata the
.‘antnmr byssus ratractor macles in W exiags fram
the mat;séint surface of the pé‘dal généliun, but T‘a‘kahash&
{196!3) hns shom, I’Eﬂ_lg_o__)diaaccuon and nlactré.cai stimlatim,
. that this atatmnt is ermm, and that in g_m the
anterior hyasua mtractar nerve cmsiats of fine f.wm |
ariginating ﬁn the pedex ganglim via bramm nf the eawhp-
padal canmective, This artmgmnt f‘!‘akahashi. 19613 : ‘!”ig 2)
 wse not found in any nf;!;pa speciga exmiﬂad‘in} thie paper.
Thé aﬁﬁarinf 'byusué mt#m‘:tur’ aérvs {figé 17 - 24)
a:tleea a8 a aingla zoot on the antaxiar lateral edge of the |
"_pedal gmghm. in W {f‘.{g ) and MW {tig 23)
this x‘act is well aﬁpafated 'Fm the mrehp-padai cmnective,
bt in Movizetlise (fig 22), Luneridionalde (fig 29), hiompenets
‘ ifig 2&3 and M (fig 21), the antarint byssus

Juection g@

ntractnr narve aﬁaea almat at tha pednt whero the cstehﬁaa-padalv
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cnmac'tiva- 3:&& the pedél gmgiium ’Au will be ssen, thare
 are sight wadificatian- to this. | |

InP ,gg 8, ‘the m.tvg dwidaa inta two b:anchuu almst
m:diutely (f"ig ;7}. - The thinnur and more sntﬁrioxly d;recting'
brmch is the antar;{at byssus mtractor nexve, . ,This Tuns
émperf:lciany along the outsr iateral mati“aci'af the ant&rfur
hysma retractor muscle, giving off. mu gide brmcm a5 it
" dosc 80.. '{’hc thi.cku of the tuc nerves, which 1 hwn temad
‘the suparf’ieial f‘oat ratractqr mrva, uns mﬁrﬁuﬂy am!
%wrimtauy alnng the gmgxion for a short diatm {fig 17).
‘.hsf‘am tuminq 1a§arauy mtwazzds whd mrming ovet the aﬁtati&:
byssus ratractur msuzt. It givas vf‘f a sma,u brmnh mtarmz&y _
dixccted, which ri:wes deep,ly batwen the mscka bundias of the
‘ ante::.ot retractor muscle, Tht mrin portion of tha mve
céﬁtimu in-a lateral direction, until it rmsches the foot
- retractor mﬁacls. m.su brmchdi ;tnt& Qua appraximetciy
aquaz. nerves (fig 17}, which run anteriurlg atmmd the muscle .
,and come to lie on its m:tar Latcui au::!’m:n. Both narvea | ]
~'cnntinue dntaally towsrds the poiﬁt of ineertion uf tha foot

retracta: mcla.

In W (fig 23 i, the ént:rim: byséus m&m
| nerve ia éariy: fine, It rune 'mtaz;aavqn\t.rmy in en oblique
direction, across the anterior byssus istrmtor' muscle, as in
P,pezns, towards the puit;t of insertion of this muscle on the

shell, A short distenco from the ganglion, the nerve gives off
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& Tine branch, corresponding in position to the superficial
foot retractor nerve in P,psrna. It was not possible to follow

this nervs, because it was too fine,

A eimilar situstion in found in M,virgilige (fig 22),
where ths anterior byssus retractor nerva follows the usual
course, and the fine lateral branch, the supezficial foot
retractor nerve, passes laterally cutwards between the two
bundles of the foot retractor muscls., This nsrve continues
dorsally elong the Qutar latersl surface ufktha foot rstractor
muscle. Unlike the nerve in P,perna, the suparficial foot

retractor nerves domss not branch.

In A.magellanica (fig 21), a modification of the ebove
plen is found, Here, ths anterior byssus retractor nerve first
gives off a fine branch, which runs latero-dorsally through the
digestive gland (? superficial foot rstractor nerve), while ths
main portion of the nerva crosses-dorsslly over the cereﬁb-pedal
connective, and rune parallel with.this connective along the
dorsal side of the anterior byssus retractor muscls. Howsvar,
when ths cerefp-pedal connective crosses to the ventral sids
of the gnterior retractor muscls, the anterior byesus retrector
nerve continues along the mid-lins of the dorsal sids of ths muscle
to its insertion on the shell (fig 21). No nerve was found

which corresponded to the superficiel foot regrector nerve.

A aupsfficial foot retractor nerve was aleéo sbsent in



s
W {fig ;1;9). ~ In th&s ép&’ciss; ths‘ aatericx byasus' :
mtrectnr nexve ariges on ths ventral surfm:a of the carei:yp»
pedal x:ﬁnneetive, at its guncu:m hi.th tha pedal g-ngnom -
W is pecnliar in that the anterior byssus mtreém
muscle is aplit into tm; bundlas. hy the pmzsage of thﬁ c:aretﬁ-»
pada!. connaativa. Im mters.ar byawa re%racwz nerve follows
" the course of the ceretjp-padel connectiva thmugh the anterior

: rettactc,zr msnia, and givma eff’ amau ﬁida btanch nerves, mich

: innatvate the two musculer qudlcs. :

B The ‘anterior hyssﬁs x‘etmétar netve .in‘ W&g {fig 24)
hag ns erigin on the ventxal su::faca of‘ the pmial. gang:tim,
V in ggmnrggi ggg 3« It is a very fa.na mm,_ ssen only mf
lifting the ganglionie’m‘ém avay 'f'r‘m\tha wuée:las. It}»fonm»
thc genexrsl mm, by xunning oi:liquely mss ths untarmr hyesus

. retracter ﬂmscle, in ah anterior direction, as i.n P,gamg

(b) m&m -

" “This is the wost aaﬁi&y dievt‘inguis.hable uf the inexjvma» '
which .arzi.'sé from t:h_e pedal genglion. It hoo been tgi%mnd the
" H.pedslin by ;.sse ’(3.992}. , In {m spéem»- axg;ept hecepensis,
the ;mint of nrigin of this ns:rva is on tha postnto-lateml outer
edge of the ganglinn, at ite x-egmn ef greatest carvatura.. 4In‘
o W {fig 24), f:he m:*igm ie smnauhut nore antezierly placad,

at r.é:uut thtz mid-vpoint of the outor x.ataral edga of the ganglion,
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In P.perna and m (figs 17, 24}. the necve
rens. pnntatiuxly for a shm:t ds.stance. befm turning 1a‘!:emlly

| othxfds to run ever the antorior byssus xfei;astar muec;le, ina

ventral direction, But in W Eymoridionatlis and

‘ ﬁ,\’rsf;‘gg;ig '(f;@ 23, ;1’-9,.‘ 522}7. idircct);y on leaving the #adﬁl’

: ‘qérigucn, the pedal nexrve runs &ﬁéualy over the anterior h,yéwQ }’
tuttaaté: muscle,  Io Amm {fig 2.1}. ite courss is |
slmost directly vsn&ex. end o ugz«y ahni‘ﬁ diatance from the
gmglixsﬂ, tha pedal nosve d.widca zlntb & nwaber of mg}.lar, ,

_pppmximatulwquany sized bxam:hes {ummuy 4), mzch Tun
1atara§uy over the snierior byaaus :etrac:tnt macle and penetntu |

tha foot az.nnq the inner as,da of tha faet ratmtnr ‘muscle.

. maen the othes eprcies exsiined, the pedal nerve

| runsA over tha antarinr hyaaus ratuctnr mumli o8 8 aingla nsrve,
On- mtaﬁng the fmt, the pséel nax\w givas of‘f & smaller '
'pnuturiar bmmch, ah.i:;h dives into ttm byssus glanﬁ‘ The pedal

\ nerve cmﬂmea into thu th with tha fmt retractar musr:le,

p ,as :tn m&!&".&% c.md uplﬁ:s up s.nta nUMBZOUS mamt ‘and
appmximataly aqunly«nized mvwm These zun 6oraany and
vehtrally alung the innez aida uf the foot retrector mscle |
(ﬂqn 1? 24). ‘

te) mmum

. Thie nerve i termsd the N W (Np,)
by Liet {1992}, but in accordance with F.ﬁeld {1922) and
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"mm (1937). iz called the w&tral byssun ratracm nexve in

. vthiﬂ peper, Purdis (.188?3 mﬂhta;ns that this is tha byual.

' éie'r{re; but 4n ellmﬁég 1 Have aéus.ivud the byssel ms::we £rom
 ‘the vantral byssus wmax ma:i:;a. * The nasve follows the
‘am @enaz:a& plan in il ths Bpacieﬁ mtamined. go that the
'descri.ptim far _E‘m given below, auffices as a ganaral
dsscriptian. o o | e
‘i’he ventral byam ratractw mtw atisw &8 & smu

root, at thn pueturior end of t}m psdal gmglicﬁ, batvmm tm

- pedal mrva and the dorsal byasus mtmatox nesve: It xuns |

postoriorly alang the m& autfaca caf ths aﬂt&l’:ﬁ.ﬂt byaimu _
»f'_tetmctar munel.e, and ot the pnint where the anterior retractor
. tuscle Jains tha dampl byssas retuctm: muacza (nr ttm pnnteriﬂr.
bystus mtxm:tot mscx.e, in thuss speeiea in wbir:h the dorsal
" utmctqz‘ muscle is nat di.uﬁnquiahcﬁ}, thn newa divides into
tum ’ '
1. the bysssl perve
. This is o small nerve, which runs superficially over
tha anterior bysous tatréetér muscle, in a vantral direction,
It divides into & number of smaller rie}:\(aa, which penetrate the
byssus glend, |
“The byssal nerve of A Mumggg {fig 21) is wmore

- complex, “The vantml bysesus retmt:tar norve posses ventrauy

and mblimaly acrose the mteriur hywua retractor mugscle md
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3

gives ries to two byssal ﬁﬁW@St
(3 W&

Tma nmu Tuns across the cuter lateral surfsce .
- of tha antexior h,yaaua mtracta: musele in e ventxal
A‘ Ads;mctinﬂ, 1t gives rise to t‘m smaller nerves, which
.;San&tratl thaj:antarit.m_ region of i‘he‘ byssus, 'bu§ the
_main nerve 1;:amsmn¢ ventzally @n& supexficially in the |
outer ue}_(t of the byssus gland, mﬁ then turns podtericly. -
It gives cff ‘mmemua ma;ilm:gnarw fﬁ;h;faa{&: z_\).
(54)  pyssel, ners
The byasgi &:i-oa 2 agiaes from the ventral
bynsus mt:actur nerve e tshnrt diatunae fxom the ur:i.gin
~ of byssal nerve 1; thas.a, it runs ovar the anturiar
, byssus retractor mugcle, and divides into two equal
branches. The wost dox;eél' of these biamﬁes continuns
'pasbarinr}.y to :lrmexvutc the pasmm-dotaal mgioh of
» the txynsua giam!, while the ventrsl branch continues along
ity course and divides inta emaller ﬁamas, i.mmating ,

the mdim and latersl mgims of ths bywus‘

. (nee the byssal necve hns been given off, the ventral
byasue retzactor nerve continues in a s'&ightly postsro-dorsal
: dimt:tim and then d,ividu intc: amaner brenches, These cmt

. the sxea &t the jung:tim ef the antsrior hymﬁ retractor muscles
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‘end the doveal byssus zetrector muscles, almast doxsally ahiwi_

. the byseus apparetus,

 This nerve cnrzesponds to the a@v‘ tractorun byses, 'ts;;;zs
of List {19923 und«"thg dorsal byssﬁsfmtrmm nexve. of Fiaid
v,'(:tém and White 11957);'  Differences in the orientation of the
doreat wnd mmﬁm ratractnr mzeu in diff‘emt species, sre
as:imrad by diffemm in tm mz-se of thaa nexve, ﬁ:r the
sska of sﬁnpiici%y. daacriptinna a'l’ this aerw, &n aach opeciea.

are dealt nith separetaly.

‘ '_.__;gg_,g, (f.ig 18)
ln m tm :io:sal byssus ratrwm nerve is r:m:h .
thicker than in Mytilus ;ggga or M ahd is perhaps\ ths mott
o imparmt nerve ima_wating the byssus Tetractor muecles, The
nerve arissa. at the inpexr pnﬁtériép angia of the padal ganglion
and travels posteriorly slongside tﬁ#‘mﬁ%»lxmlbgtman the two
N anserior hysm&yt t;tractur mﬁsclaﬁt. ) ﬁ "mntipu&s, pnstjem—-’ ’
dorasily befors. giving off ité fimt branchs’ .
"{"a} ' 'thie.u' nazve Tuns lataié»m:niy, to continue
‘along the outer lateral surface of the dorsal mmcmz{“
musnm; “ The nesve diviﬁgs into & thinner branch, which -
 rung mm or lass aiaﬂg the mtﬁxé.’a# surfecs of ﬁhu
mm:le, and & thicker hrench. mhich Tuns ON tha flat

mtar aurfece of the macle.



63

Tha dm:sal bysaus zetractar nerve cuntinuéé postero.
darsally. and runs up eanh side of the mid-line thrcuqh the V,
formed by %he}junctian'uf thg,dnrsal bysaua rotractor nuselss
from gaEh'sheil valve, Here it gives off twé}neivasz

: {h)q a médian’ﬁfaﬁch, uhich Tuns uvét:iﬁa.dﬁraal '
‘ xatractor muaclc. snd dives deeply into the posterior A
bysaus retractor muanie, almnet at the erigin of that |

mus:le,

{e) the eacund nerve Tuns dotsnlly along the inner
1atura1 side’ of ‘the daraal byssus rgtractor musclu.

tﬂugrds‘its point of ihssrticn’on the shell velves,

The darsal byseus retreator nerve %hen crosses aver the
dorsal byssua rat:actax nuscle, unhu tha dorsal surface of the p
.pnﬁtariot hyssus retractar muacle, and cnntinuau slong this
_muscle towarda Ats point of insaztinn cn the shell valvas.
Hawaver, as it-crneaes-onta the pnsteriutvratractor nusele, the |
necve giveav'hff'-anbtﬁér emell brenchs o
fdi_ tﬁ;b nerve arises un.¥he;£nnaé side of the dorsal
 byssus retractor nerve and Jaops undex that merve. It
than runa 1eterally Found tha outer edge of the punturiar
hyssus retxa&tnr miscie and along ite ventxal surface,
: tawarda the pﬁint_af insertion of that muscle on the

sheld vaxvqs._,‘~.
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| W&. (fiﬁ 23}

| - The daz*aai. hywus retxactor nezve has its ars.gin on
the dorssl posterinr side of the pedal ‘gmglmf. ' On leaving
the ganglion, it runs postervedarsally through the ¥, formed.
by the posterior byssus Tetrector muscles. Just befors the V,
it gives off & very fine b:zanch; which .rx.m,a 'Iaiam-ﬂara;u&. ‘
elong the outer 1&%&1 "'siﬁe;af gﬂa posterior bysuui retractor
nuscles, The main part of tm nexve mtinue# through the V

‘ and alqngf the umr surfaces qf tlw Bunﬂes of the posterior
bylawa ‘&trmw, muscles, During thie paa‘ﬁlerv—ﬂaxsai @m, -
it gives rise to smaller brench n‘n;:v@s‘ at msah of the wme

. ﬁuﬂﬂl&ﬁ.

A.megellsnics (fig 2‘1?‘
Mthough the cx‘igin nf’ thc daraui byssus ratrmtoz
norve is sxmilgr to P.pormna, in A,W the nerve is
ext:miy fina. - It zuns in a pnstamdnraal d&rmion. thrquéh,
the ,cmneative ti‘mua, and theh hdtmn the V, formed by the
posterior bysaua retractor cusclos. It continuss along the |
- doxrsal aida cf‘ theae musclea {along tha musculnr shnlf} and -
:I Just entsrior to the last pair af manu bundles. it divtdea into

two nerves, both of which dive into the lest bundle,

W mg 22y
 The darsa:& byssus rsttac‘bor nerve has a aimuar

mmgmn% and cou:a,a in M&&M as it dmg in g,g_qmg,
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On xaa:hihﬁ ‘tha mmak v, ﬁt'g;i.vss :m t0 @ v&ty fine h:‘#nch.
which Fune 1atm-dara811y,aiong the anturior :dge of the doreal
‘byssus rwt:ac'tat muscze. : n;é main ba’rtim nf the namm cmﬁnﬁes
, mtariar&y along tm mmc:ula: ahalf of the paatarior bgmn :
retractor nuscles, giving uff sida brmcbn ta uch of the muscle
‘bundles es it doea so. T |

’ W (fiq 241

Al.though ﬁh-rs J.s no tepats%a dorssl hgas\m mtractnr

muscle in this spacies, tbe m# thm dnrnnz byasus ratracm ‘
‘o‘\ou; W same co.,,,.; ’ . . Lo

: nme(&& the same es in MW_.

Lﬁ&ﬂi&*ﬁw& (‘Fi‘g 20)
Thz darnl bysaux tetxactor nerve m the am cﬁ.gin
: _'ss in __m The newn zuns pontaﬁotly f‘a:r a short distance
. md then pestatu-dnraauy up t.hruugb tha mscuz.ar v, 3. .it
sta:ta to tu:r« dorsally, it gives Mf a b::anch frm ite innsr
7’ '“,_ulateral Bide, ‘which zuna: unde:r thz main pn:tiaﬂ of the nsrve, '
“end onto thu mtericrr aﬁd mter ntem cu::fsc:as ef tha posterior
| ‘byanua mtractsr mscj.aa. : fh’l madn part af the narv. r:cmtinm
- in & poaterior direction thmugh the V, and thm zuns slong the
muscular shelf giving off smalz,ar branr:h nerves to each of ths |

muscle bund}.an nf the pnaterim b,yaama ntracm: muscles.

~ Baeeﬁeg of the leck of sufficient material, dissections

of the newaui innervation of tha‘faa%yam msculatqm‘cf
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Semimytilus alogsus were not done.

, ’nu,siuis are 'cﬂiﬁy'fgudum on‘datruhu end finely-

‘dividﬁa. auipmdsd ‘matter ih‘ the uater'." B klthaugh Yonge (i?sﬁ)‘
is of the upinion that they ars hefbivuma. ﬂanssu: (1946, 8, hl
hes shown that cmell t.opmds aco often found in the stomachs

of B m upscinans ., h stromm ef watcr is dtm into the mantle
cavity by elliary acmm mkim, 1936 - 1943) and the fond |
particles, nuuactcd on the gilia. ate passu‘. to the mnp: mﬁ -
then into the mouth (Rmtqn-, 1826}, which ;heada via & short ‘
cesophagus inta the ach' “The stomach s pechaps the mf -
mportent orgnn of ths uimntnry r:anal md is closely usnciatsﬂ
with the digestiw glmé {Mn, 1956), 80, that digestion can be
both extrw-::ellulw and. intrmuulsr {Mmmr, 1946, ag
Hmwur-»ﬂsk, 1946). T!u cmp].ex arrangement of the ciliary
tracts within the stomach {Graham, 1949}, together with ’ehe
rotation and diesolution of the czystalline style {umtm, 1960),
alicws further sorting to teke place in the stomach,  The
worzhicas aaturial mﬁ wasts preducts frnm ths digestive glend

dischay ‘
are then passed intn the muatim, 'be be at the anus

SSQI
end ;.aas ocut of the mantle cavity wi.th the exhalent cutrent of

wa t.: »

~ Only the gensral grose anatomy of the alimentary canel

“has besn studisd in this pﬁpér; the histology of the diffarent



-~ FIGmE 25

| The alimntm:y csﬁax nf &_@m fm thu :’hsft aida. The cutexr

Vgille and tba d&geﬁtivu g}.md on the ia?t side hava been x‘mad.

, dig‘ gz; - ﬁigeﬁtiva glw‘sd; oaa. - wmhagus; ™o, #'wu-tﬁ;
;lab. palpa - labinl palps; p, add. m, - - posterior adducm
me:m coe. - caecum; m. iht. - dimt inteutina: texm. int.

D - tumimx i«twtins: m. int. - mwrxmt intectine.
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- ﬂi;:a:t"inmﬁm; p. wdd, B - ﬁgéiéﬁer adﬁuctor muscle;

ces, - caecum; © texm, fint. a}tﬂérmiﬁd :intfcqunns Xrec. Snt. -

" recurrent intestine,
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regions of ths censl has besn given by List (1902), Field (1922)
and White (1937},

The description of the alimentary canal up to, and
including the stomsch is the same for all epsciss, except for
the fact that thers is a comparstively longsr ocssophsgus in
A.mggellsnies ond S.biloculexis (figs 27, 28)., Thers are
however, differsnces in ths intsstine end crystallins style

cascum, a9 the description will show.

The mouth is an elongate slit betwasn ths uppsr snd
lowar lips, with which the outer laebisl palpe snd innsr labial
palpgs ers continuous respectively, The palpa sre Ioughly
trisngulax in shaps, with s ridged inner surface end & smooth
outer suxface. The vessophagus arises a short distance behind
the mouth opening, and continues posteriorly end dorxsally,
alightly to the right of the msdisn line, bestween the pairsd
anterior bysaus retrector muscles, The atomsch is ixregulerly
chaped, more or less sliptical, with pouches in the ventral
dorsal and lateral walle. The stomach is situstsd slightly
to the xight of the medien line and almost below the postaxiox
snd of the ligurent, Details of the internal snstomy of the
stomach of releted Europosn species have been fully described

by Grahmm (1949).

(figse 25, 26)

The dirsct intestine arises at ths postarior end of the
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stomach and passss backwerds, slightly to the right of the
mid-line of ths byssus rstractor muscles. At a point opposits
the middls of the postsrior rstrsctors bslow, and the midpoint
of the ventricle shove, the intsstins reflects on itsslf, It

is than taveed the recurrant intestine.

The rscurrent intestine rune forwards end to the right
of the mid-line, to a point under ths posterior end of ths
ligmment. Hexs it psssss sntaro-ventrally snd siightly to

the left of the stemach, to ferm a loop in the digsstive gland.

The loop of the intsstire is short in C.maridignelis, M.virailise
ond S.qlcomus, whils in P,perng end L,capenais, the loop is
comparatively longar and is tucked under the stomach. The

loop marks the bsginning of the terminal fntsstine,

The terminal fntsetine runs parallsl with the enterior
byssus retrsctor muscle for s short distence, and then turns
dorsally end runs in a postsro-dorsal dirsction, toc cross gvar
the dirsct intsstins on the laft. It then sssumes s medial
position, 1t runs postsriorly in this wmedisn plans sbove the
rscurrant intsstins, and pssess through the ventricls of the
heart. Aftsr this, it continues a8 the rsctum, dorso-ventrally
flattened in P,perng, but almost cylindrical in L.weridionalis,
hssacensin, S,aloceus end M.vizoilise, to terminate
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‘at the anus, aituatsd on the paatuxmx surfece of tha pasf.eri.or '

addm:tax muacla.

. Tha caacum is an ﬁnnga’ha structute. lxiﬁg 3.:1 the
mid«-lina and éirecus abuva the aﬁlgin of the diract mtm.tns.
‘with its origin ot the gantaziar and of ths etmoch. It pmsea
‘ backmda under tho ﬂmx af m pericardium. abwa t?za dﬂrect
intosting and a.lightl,v tc “the lefi pf the raem, terminating
 slongside the anus cn the bastegiuf au:?acg o;f‘ the pgaiwinr

' odductor wuocle, In £omsigionelde, Locspensie, S.alseus and

A m ‘the ceccum 4s aﬁwt tnice &5 long es tha di.mct
Aintastine, but in Py— it is anly about & thixd lmqur than
the direct .inteats,n&. - The cescum is ﬂ-.u_c:d nith ') qalatimua

substance, which extonds thxoughout its entire length. Thie is -

tho ¢rystelline siylo,

%

. mgs 21, 28)

The dimt iutsstm ariaes at the pnatar.tur end of
tha mamaeh. and pansay backmdﬁ .tn thc pime of th:z mid-lina
B ‘of' the bysous Tatractor nuaclu. ' At a point opposite the enwr.iu::
and of the pastarm adductar msc.ze, it xaflecks on itsalf. to
run forwards and to the right M‘ the dimt :.n&estins. Tha

» regkm ia urraspcndingiy caﬂnd trha recurrent intestine,
 The recurbent iﬂt‘egtincvtammma in a 1@, above
. the posterior and of the stomach. Tho loop fe hordzontal.

This loop merke the boginning of the torminal intestine, which
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FIGURE 28 .

- The. alimentarg mna). o’!’ mm& ‘?m the 13?* eida,

”ﬁhzming the 10@1:&9 of the dimci intasunu under tmz shelf of

thﬂ pmlta:im‘ addumr _WBCIGG .

oes, ~ aemphagua: mo, = muth; .hh‘. palps - Z.ahial pnlps:
dir. int, = dirert intattiﬁu; f-3 add. o - pustaxiaz adm::tnr
miscles tosm. dnt. - ‘tarninal :nfamm; rec. int. »

f r;m:ﬁurtant inteatinu,
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rune posteriorly in the mid-line of the byesue retroctors snd.
- above thé éimct hnd recurrent S.bteatims. At a pﬁiﬁt nppasitaf

| | and above tha middls of ‘hhs zst:sctars. it passas %hr:mgh tha

LA
N

vmtricla.
T S TR ,
P

After this, it continues pusteriorly es the i:ectfiéa,':to
terminats on the posterior eurface of the mstaﬁar éaductér

‘ o at ‘

ruscle, o5 the onus. . The sewtun of these m apmiew ie alway&

surrmndad by parzianﬂ af the rapwductiva ayatana

: aaecawe qtﬂm ,antarmz;y,dimctﬁng sheﬁ.ﬁ‘ pf;athe' |

- pestorier sdductor muscls in W(?& 28), the posterior
region of the direct/fecurrent intestinal "loop” s flat and is
separsted ’fx‘aﬁitha-::eétm by"t!;m ruscaler shelf. e

’ ‘th both 3.iving end présesved spal:imsm of W '
o end pramvad apatimm of ;,mm v the coscum was found

tﬂ ba @aent.
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s¢ussion on Anatom

Hh:ue gaatummaa show & great vaxiety in orgmﬁsaﬁm
here ave. Fower shochuval paterns in
and form, [}.mliibrancha heve cencentzated on -‘Fam struetuzel
pattesns, . ﬁprton {1960) has attributed thei.t gmmt succens o |
‘ tha kigh degrau of ﬂpeciqlisaxion,shnwm by them anﬂvto ‘tha
different wayn in which a standerd thene S given exprassion”
(p. 48). 7#@‘&535 &amﬁrkéhlé'féatura, which this utudy'has
revealed; is tha graat similarity in the sttuctufe and arrahgemcnt
'af‘ the mturnal,nrgafm. | There i.a a sing!.a basic matmaical
vian, ubieh_ia(unly siightly.madifieé in the different spmciea.
’%imqur, this{ is not sltogether surptiginég" sinf:a_ all the apecives
have 8 similer mde of 1ife i.8, they sre attached to & firm
substratun by a h&éaﬁo, and are all»eﬁiféunel. ’ Therenvﬁmahmantal

- coaditions sre the only vazying factors. K

Thexe :Ls soms voriation in the sire m& nunber of the
"sddqctur»muaclas. A&thnugh no measuramgnta were taken, it can
' bé ganérélly stated that the area of inssrtinﬁ of the adéuctak

musclos is pmpurti.un&i to the size (total length) of the . ‘
specimen.  This applies aqually to individuals within a species

and to epccimms of ds.fferant spec,ies.

Both aﬂtﬁriﬁr and puatntier adductoxr muscles are
present in W LLW and W: thasg species
erse typiaally heternmyarian.,ainca thp poatcr;nr<ad§u§tnr is »
much largsr than the w@riar gamm. In E.patna ond

'I:,_g exridicnslis, the anterior odductor is sbment, evan in juvanﬁe_
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spécimana i.6. thase apeciea are tgpically mnnamyarxtn._
,mgga&lggg g is unusual in that Juvenile spucimena ars’ hetarou
myarisn, while thnsa abova tha size 15 - 20 s (tatal length)

nxe menamyarian

t ?cng& (19623 haa pointeﬂ nut thc significan:e o? the
'byasus in evaluiiﬁn fram isnmyatienism, to hntarnmyatianisu cnd'
f%nully %n mnnﬁmyarinnaam. ' In bysaally ettamhnd genera, it is
v always the antnxinr half of tha animal whith becomes suartsstﬁ.
sinae dua tu tha pos;tiona s? tﬁc inheitnt and exhalent currents
(Yangn, 954 1 p. 452} *xﬁductian of the anterinr helt of the
’andy haa surv;val valun. xuductian of the paataziox helf han "
none,®  Reduction uf the nnteriur half thcrafaxu, laada to o
‘ antnricr shift in poeit&an of the byssua and subsoquent raduc%iﬁﬂif
: of thc anterinr adduetor. Fallnwuﬂ ta i€s~uxt£mats canciusian.
tha aﬂta:iar adductar is ﬁomaletely 15;#. ' The abovs. anatomy
eanfixms this. for as haa boen pnintad aut. tha hutazamyamian
cmnditiun inuﬁ‘mgg_&;gggg& 1& transitional‘ and that with

incruasinq aiza, a monnmyatian cmnﬁitinn is achieved.

Lapistina Iﬁat examingﬁ in tﬁis stndy)‘Stgms tn‘bs an
axcﬁgtin; to this #:hcme. Bernard {1364 s‘fig éd)'hnn ¢h§ﬁﬁ
thet slthough this apﬁcias is mudielifbxm in ﬁhupa end il ilao
| hyuaally attaehed, 1t ia the pmateriur half'af the shell which

‘is raducad, aa that the pnataxinr adductnr bccnuas supreaaad and

- is smallsr then the snterior adduetex* ' Hcsavet o work has been

rdonc on this ipeciaa, with :a?eznnca ta ths pcsitinn of the
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inhalent and qxhalant‘t‘mmnta. .
 the puculiax' m‘tatiurly-pmaeuting ahslf of the

memﬁnr adduatnr muaclm s.n W haa ahaady heen
mtad by Pelamw {193.13, .but no functional reason for this
has been gim. A similar' condition is found in at :mzst two
othes famneﬁj ﬁh& Iwgnmutida Q&M and M end
" tha Ptmﬁdau (ﬁ_mml. _

Bs,ffetﬁm in the uaze of thu fwt may mum for -
dif‘fmnm in the nizc and ingertmn af the fmt xetxer;tat
mus::lw. Irs m&y tan &paaies. Mm end M&_ﬁ,

i thu'a av;&eﬂm o‘f‘ splitting of the foot z‘et:‘actn: msmizs

| In W %he foot rgtructur mwau an mtarinr '
dixo::tihﬁ branch, which zune laterally a};\d ventzslly along the |
anterior byssus ratractar mcie, while only some specimens of '
‘ | ésbggggg ;eéé 8 potbuss a mtrai oot :eti*aebar muscle {fiy 113‘}.‘"

7 The hyms ratraetnt wuiclue hm bem ﬁhe subject uf
mmh murmnusculw physwloqicnl xeseaxch. or particum
interest, has bmn the fact that these muscles (like the nddtmtma?

- sre ea;;gb;a of mn;n’tazﬁing_ h:.gb tensions -f‘ar img p;tipds of
tine, Ths jms\;}.%s* md inplica‘tiaﬂe of };héaélstudias are bcmd :
:A:the scope ﬁf this papai;, but tﬁs relevant J.itéxqmravhés been |

‘ mviaund hy ﬂayle (1957. 196&3.

The muscle bﬁdge, fomﬁ b;y the byem retmctnr

musclan, ds assenj&uany the sams in a:{l specles, wm.{amaan
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» (19{‘.}?3 has dmtibm the matim and farmati.on of thc bym!
‘ thrnds and. atm in the vuntral grwvu of thn foat, and obssrvstions
- in the Mbn:atnry ‘have confimaﬂ that duriﬁg the mr&t&m pmntu.
tensioning-up of the thmda takes. pleca. ﬁnua the firat bLyssue
thread has besn fixed in position, the animal crawle away from
thie pusitisn until the ‘%.htaad‘ igicﬂmbi taught, The sstund
- thread is then aécra&d- Thia process ie ceheiuéad until tha

: animl i firmly secured to. ths wbatratum. Thera aﬁpnars to

. bs no fixad pattem £n the umm of tha thuaﬁn, em! .{t wa&
~ noticed that_dp;x‘iﬂg,the tenaioning-up process, éome of ,tha
exieting thre&ds& b&em aiack.‘ ﬁénvm, functional threads

aluays appumd to im taught. " Although it is ths ends of thu

a3 a \‘-‘u\‘t o‘

~ byssus threads chh are ﬁxad ta the mzhsttam. by wnagne of

kthis t?neianing»up proneae, the bynsua sm bacmes the 'fimd‘
ppini; | The byusuu mtr-mx muscles operate about the byssuz
ataﬁr. Thia mld mean that m‘t nnly is the bystus t’he ﬂxac! V
pnint mt uhieh the qrwth axes are nniautawd {Yonge, 195&),
‘. but :H: may a).sa ‘b eam.idax:'ad o8 tha fixad pcint about wiﬁ.ch

the byanut totrector wnclas oparata.

There is mAdouht that for basic movementa of the |
sh«ii valves, the anterior byafaug‘ mttuctoi nuscles are ﬂi-gmallﬁc
mta@ittic to the posterior x‘:yémis'utrmtat. muscles i.e.

. the 18ft enterior béssuﬁmtracm»macm would ba mtagmistic:
to the right paetetinz bysau: rstmtor muclaa Such movenents

'a‘!" the nhan. vslves are prvaumbly rbqui.wd uhm sﬂting of the
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_museﬁl"hads tukes plhcz.‘aincg the animals cen cﬁiy'surviva as
lang as-they can comaunicate with the theriur by tﬁeirr;iphonul
cpuﬁings'(Dudgscnislgiﬁlc‘ Cbesrvations in ihé field havi
confirmed that for c,»m,f sridionalis at least, there is o general
@nvemaut.nf shﬁll valves in tho muose) 5ank..nn the incaming
and uﬁtgoing tidea, Also Hansl(l942§ haas reported th;t,juvinile N
'specimhna of ¥,edulis can oricntgta.thsms-lvns €0 thgt ths umbo

" s pointed downwerds and is surrounded by se much of the substratun
as pntaiblc; Perhqps the entagonisticelly arvanged byasus :
'iutréctor muscles bring‘ahaut such movements.  Howaver, ohne:vatv
dons 4in the lubutst‘ory havn shmm that shell wmovement btought

. about by the bysaua ratroctor muscles is nlight.

| ?ha bysuus rotracturs cnnslst uf'z or 3 paira o? muscles,
All spncies pnasess &n anter:o: peir (1nﬂ,‘g;gg_gg, there are |
“two pairs), ahich‘insaxt on the shell et ths apex of ‘the umbo in |
, mdiolifm specien, or jﬁst.b':hind the umbn and aﬁjac‘e’ﬁt’ to the |
ligament in mytiliform speeias. Postlrior byesus retractors
'ar- aleo present in all species, but in some, _aggg_gb M,virgiliee
and some gpacimtnl of C.maridinnalis and 3amggg1;ggggg, tha
pnﬂferinx ratractors ere oxganieed.into iuo-sep-:ato end definite
gr@gﬁs. In these cases, & pair of dorgal hyapus r&t:actor‘muéclet
| ié diffmntin.ted.. it mﬁct be noted that each of th‘u' muscle
groups mey be split into MEIOUE bundles of muscle fibrea !.g.
the dnraal byssus retractor of _4;gggy; is usually cumposud of

3 = 5 such muscle hundlaa, each of uhzch has &ts oW ares of



ingertion, so thet their separete ecars are sasily ssm‘.' Small
~necreous ridges separste the scars of the inﬂividdnl bundles, |
 within the ma of the dbinal 'zétxactiix ‘acar, ’
Ih t!mna apccias withﬁut @ dufinits yeir c:f‘ doreal

ByBSﬁQ mtractnr msclaa, ._,__ggm W M
" and usuany W end A.megellenics, the posteriox
" pyssus retractor muscle is Bplit intn nmmrm bundies, uhif:h
inaért m the shell in e liﬁe of sepsrate gr&am {A:magellanica
and W} or at oﬁe‘s;ngle &Aieaded .fik:at {Lizagensis, -

- S:bilecitaris ond S:alqosus); which is appcsitz the pouterior end
' _"{:f thnv;ligmm. Exanination of _tﬁa n'ar;}m& Vﬁystm of tha ?yﬁm
retractor mu‘wim has reueaied_tbat these dorsal and posterior
bysous retractor muscles are imgvadtéd by é single pair of narv&,
. which n::i@imfte ot the pedal ﬁingl&on, éha:‘dnraat byssus retréctui
'. rerves.  In all ceses, the dorsel 'hysm'as’ rotzactos nosve was
siéil&rly arranged, in smfé ’nﬁce’ ;;g;ssing th:gugh‘ the mmlat

V, nerves ware given off from it to aach‘uf'gh@ mustle bundies.
‘No difference in arxengenent of tha side branches was ;‘)hésrwd
either in m taeparats dorsal mscla) or in ”W
and &W {no &eparata dmssl mumla}.

!t would appanr thamf‘ate tha{: the aamzatich of
ruscular bundles into dorsal and pnsterior retractors has no '
anutmlc;l vnls._éity, and th@t,-tﬁe .gxoup.iﬂg of the mors aﬁiatior
"hung!}.es'ef the post#iui: xatr#ctoz into & well 'sepéraia:i dorsal

ratractor is only of functional significance to the enimsl. This '
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. s.e suppurtad by the fmt that the pustarinr byaaut ratractor

‘ Vmuselea eppmmcs tn be uupnratec! mﬁa numtm cmmar bundles |
in a;vmimna of WQQ f':mm meposed locali.tiea s+ while

ths singla cnntinmus scer ﬂaa f‘wnd :ln sganim&ns of &W, g

" from less exnnsed Icnalﬂies‘

The dmnai byaaus :etxmm mclca (nr 'kh:su anterim
gmups of tha pastsrm hynsus mtnacta:s} are ﬁﬁi‘hapl the mat

mmttmt muacms in the funcsﬁming of the bysuus as a ha&féfaat.
for thﬁy act almoat dixecuy abmm the byssus Mem; mﬂ cm -

%:herafam -exett. mximmu fnrr-m on the byssua th:eads. “ In both

) ,g,g e mti W, thece mscies are fairly large.
Gan vesial

uuggeating that the&e spsciee ase eub;iae% L3 s’emng wave actiwn

Thie ie ?numi to be: tha cass in their amlagical diatributien. -

o On tha wm‘% caast, ‘&W_ﬁ ace,ars Jm nore axpassd localities

| tban mm‘g& nhﬂa on tha mth maat, g.g gg cccuxs in
,tha moTs axpossd 10(:@15%&09‘ Also ?“mge {1967 3 psxma‘l

e mmnicaﬁm) has painted out that Huedulis on the comst of

: Qal,ifarnia suddaﬁiy qivas plece to &M wbem axpalure

excends 8 cérdain poirot. ‘rhm needs ‘9‘(:!‘ sttwmat must hu

o very diffarent in aif‘fermt casws, -

The gm:ping of the muscles of the poew:m snd

: antuz:iot bysaus mi:ractara my than &e explained in texns of thu:&r L

envi:aﬁmnh This is pmsnhwd in 8 aiupl&ﬁad mathamtiaa&

s
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: stam is tskm as a thacraucal fixed paint, sbout which ths

ratmctn: musclas uppc::atm

| B

A

i

y\

‘ » ﬂscmaa a? the a’trem-iin&ng t:f the sh@a. flow from

k the one dir:u:t&m Eagainst the posterior or buff end) nauzi:[&a
mﬁs.idauﬂ. For s flow of mtar m.th velbr:ity U, & drag D 3.6

: txperimtik,%:y the body. Msuming that tha mclo§ only emrt

a force by mntractibﬁ. fba muscles with tunai.rms 'fg and ? ﬂo

not’ &nﬂuence the drag reaistence, eince tiwy act in ths ssme

| bdirectiqn.i ~The drag D is therefors f:ountersct«d by th’m muscl,u |
with tension T&' | | o o
Thersfors a‘t ‘éqﬁﬂib:ﬁ"i«mz

Um ?lm o, ooo"o'ca;cnoonotobciéc&v‘.bto-ocro(ll

V 'ths drag in a body apamximttly inmssua with the aquara of the

‘ veluc&ty of the water:

rouz
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 From equatden ()7

v a8 , _,,_______,, 9!3?,’3 eos «, — 1
?’:‘"- Ty cos "'5"? —n

i, a greater ranistanus to tha dtag can be nbtaiﬂed by

éem‘easing the aﬂgla o,

?hm neans that & gmater apeaa of gater (end mbseqmnt
dr:ag) may be rasi,stad by hwimg the mtermr hyssua ratractor

,muscle pasitioneﬂ as far antwioxly as possihla i‘a. o —-—-—-—vﬁo

o a Bauides the da:ag, the. hndy wi).& alsp sxpaﬁ.enee a
‘tuming fxmmmt M shnuf the ;aoﬁ.rre J\ {the antenmx md). Thie
'. memnt 1 will be oppmd by tha fm:m m the mun:iaa wﬁ.th

tanaions Ty T? and ‘4‘3?‘
| ~‘fhs¥:afa£e: ot equilibrium:

H’ a TI ﬁiﬂ 0;‘!' ""“ Tz Si‘.h'OCL -+ Ta IQ“Q&Q unt ctiz} )

. From squetdon (2)3
As o——= 90%, Binx —=1
n&& ‘;I' s.s.n o(.—--—-—--“r {in il three cases) o
i.e.-. a great:at :asistm ta the mnt"ééﬁ‘&é abtained by
incuaaiag the anglea o, ocL , P 3
" m: For the muscle with tension ‘fl, the mgle «, must be
thu mt suitabla for rasiseanm to imth the drag and the tuming

’mmn‘k. -



 FIGURE_ 30

- Force diaqrms of the direction end strengths 'vnf the byssus
| -:ieet.wa:tm nuscles of one Valvip. )t;gsadon measurements from ;

10 specimens in each case.

D, Muleconvs mecslienics

€. Chox '.‘7“s'a"‘n

The direction of esch musclo from the horizontal plebs {ventral
n;utface; of the upecimm) haﬁ been i?:akeﬁ‘ from ﬁ’esaurmnt (?&13 3)
\fhe gtrengths of e@cﬁ nuscle, mrm,aﬁnding t0 the tﬁickneu of

_ the arrow, is equivalent to the displacement volume of that muscle,’
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A ssries of orasurcments um ktuken &__aach of 10

-specimons of B,pezns, A.ongellonica and éw&gésmlia of
appr&xi‘;'mtdyv tho same size. The 'pusanm of ths hym stem
(B) was fiﬁad at a ‘eqﬁttmt point, 80 that the vdié‘femm AD was
equel to cne-third the total length. The positions of the
 muscles wers constructed qraphica.uy from these maﬁanramenté, ‘
anﬁ the avorage valus of the engles calcuiaﬁd.’ " These ars giWn
int Table 3, The d&ephcmmt vclms of each mugcle bundie ia

_evury specimen was fouhd; | thia vam carreapanﬂing o the

| ;- relative atrangth of the muscle, Thn dwactim of tension end

the mlat&m strengths of “the &yasus rotractor m::leu in P.pezna,

A,gml&m md ”&M& ere aham in. ri.g ag.

. Yab e 33' a\mragt velues :af the mglea of the byosus retractor
| ' puscles, reletive to the ventral sutfece of the shell,

caleulsted from 10 specinens (S5 - 60 oms) of each of

£.perne, Aegelienics end Copexidionalis.
o %, . %, A
Paina pegng X 74.0° - 48.8°
 Aulocomys maqellanice 29.8° 62.0° 47.0°

Choromytilus meridionslis 44,09 63.0° 41,0%

Thess messurements indicate thut'thsrn is an anterior
© ghift in tha inaartinn of the anterior hyssus retractor muscle

@mmdmmns compared mhmm



~and that the wiatiiw #try;ng’thsg»':éf 'xbin_ms,éla are *tﬁe_' ame in
‘ sll thrua‘ ipat:ies.w : alx.fhadghfﬁera ere ds;f‘famﬁcaa in the |
'relativa at:&ngtha of the mmm byseus ratravtor muscms,
'%hesa are c;mwtant in pmitim 1n sach af Ahe. s;:acims {Table 3),,

_ ?hiﬁ mu:.é indiuta:

B\
)slm < ( ‘Faat
3.6, that the dmg ia m mu imﬂ:ant f‘m. whan tm

amienity of tha aaw im‘:raaaas.

Thertfore in thcsa mm&u hving ifx expnwd muitien,'
e mte:ior byssus rstxac:f:cz‘ muscia meds[bu msmm on f.he |

'chsil as mr tha antoriﬁr nnd M’ the anim aB pussibla.

If: should be mtad hauwnr. ‘that in Mm the amle
 @? t‘he de:rﬁal bysmm mtmcte: mum:&a ia graaur than the nngl@ :

- :3.n ﬁ.maga;gangg g and £
a?:mg%ha r.;f thﬁ.a nuscle are ths same in nll thrma spwm, and

. anhmgh tho relative

that the m;stiva atrengtha af the pustﬁrm byms ratucm

-~ muscle ara g:aam mw !ﬂﬂ.&mﬁﬁ than in

g - L.merid ggalg 8. This would saem *Eu iﬂdi,a&ta that f‘mt thiu

.‘ particu:tar ahape; ﬁw mrﬂ: ] im:nases £n cm mmap;lux mrmr

with the inmew in mter vﬂeeﬁ:y U,

‘n-m ZBEAKTN uhy thare aze never lees i:han 2 am:scle

a E hundlm in the ;Josterinr half of the uhc“l},. whils th&ra may bn ,

Cup to 7,. is nnt‘ eyidnnt.' : Ptusumd:iy, ,:cpiitting of the muscles
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into separate bundles occurs when more rigidity for the body

is required,

Howsvar, it must be noted that the byssus stew does
not necessarily pccur at a distence one-third the totel length
from the snterior end. This distance was arbitrarily chosen
for the purposes of comparison, The shall moves relstively
to the hyssus stem, so that the bnnglu of ths byssus retrastor
muscles are continually changing, The discussion therafore,
doas not attempt to describs the exact functioning of each
muscle or set of muscles of the byssus. It is intended to show
that ths orientation of the byssus ﬁuscuhtun, at izast in the
abové three species, pay be relatsd to scological habitat, and
that while there may bs differences in the position of the scers

o the shell valves, thsss may only bs of functional importancs,

The above discussion has dealt with the orientation
of the byssus retractor muscles in relation to the resistancs
to water sovemsnt and wave sction, It has been suggested that
resistance to predatcrs may svan bs more important. However,
Yonge {1962} has shown that the byssus igs sn ssasntiel agent
in stibu:lty during metamorphosis of the post-lazva. He points
out that in those species in which ths byssus is reteined es a
neotenous structure, it bscomes massively developed snd is
*capsble of wmainteining the animal sgsinst powerful water
movements® (p. 123) and mey bs associated with the chengs from

an infaunal to an spifsunal mode of life. This would suggest
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that xuistma ta pradatm:a may be of mmdary inpnrtance.

| Ths t‘:apn xoekmlubﬁtex‘, Wﬁ, &s me nf
the mt mmz pmrlatou nf gelle ! ;, mdw
~ (Heydatn, 19663. He stam tp. an that *muassls which are

' yimaxy atte:hed to the mtramm by m:: bysm thr-ads, and
uh:wh can therefnm ba "hmdxed' by the mck-luhutar, ;
Mluntﬁd fo: !oading. !’ha rock-).obem mmuvtu the Wﬁall
into a mitabl& paaﬁian md attackﬂ tha hrnad pnatax’iot ené of
V' the valven. Haydum {1957 k) pe:aomz mmnicatim? iafoms ne
that the mussela are attm:had to tha aubst:ahm mring the
whole feeding process, and thet ",lonsely attmhnd epmu,ma"
Specimens  occuvring  individually

M&Wuauy-eeeuﬁiﬂg mmane rathar thm tlmsm in t:luﬁters. o o

There is howem. no wim tt: aubstantiatt the fect thnt

a‘ucx mensg oceury ng. indi V‘o‘uq“

individually M sﬁasmgs ara more-loosely attachad te
"tbe 9ubstzam thm those in. emshra. Thﬁs veans tha:'et‘are
 thet mussels which can bs souily manmwrud are sslected for
Fmd&ng. e, -ﬁha% &n these mw, gtaqariammla u of survival
o 'vnm, while the afm:uvenus of the byssus i -eh;y- of -

seemduy im;saxtmcn

The sliuantary aystws of W m

 Lagepencis, S.aloveue end Moviroliges ere easenthally wimm.
except that the lum;th of the lcop of tha tntastm in ,E'_.g_gm

- end mg;gg is longer, Such a differancu mey be a

' seceadazy aff’m:t of muscle pas&tim
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_ Yha ﬂmal hyssus ratractor muscln }.n &m a?rd
‘ __,W has & more aum.ior 1nsm5.on than jn tiu.a am
- spee&m. " Konsaqu&ntly. w ap.m bétwen ‘this muscle and ‘hhe
ngamsmt 10 mm. f Since the mteﬁf:im is looped u:.th;.n this
- specse, the amana:: tha{ Azapaeg,';ﬂaé “'g';.?aatzs: the sxtemt of mping.

' The alinentary canele of A.megellanics and 5 bilocideris
-ere enti“rely &if?émﬁ{ mm the sbove-mentioned aMéa. : fhia
';di.fferam may s.nwlve both apsc&.ﬁr: d&ffmmw {ﬁw abamee of
s ceetum) and tha aenqnﬁary affect :af suncle position (the

horizontel loop of the §ntestine).



Aa has bsen pn&ntad aut shove {nae ﬁum:le imraamims},

. the presnnea of this muacle i.n u&m was dasct.ihed as

| eatly as 1926 by 5wert and sim:a the s:zur f‘or tris mclc wat
aheant in an. the ather apet:iea exmmed, Bn invastigatim inta
the function r.xf this muscle was desmed necessary., ﬁcc@rdiﬂg‘ta ,
| Swmt (1926 t p. 288) this muacle *abvinus}.g ma t’he purpose
of npenimg and ¢iosing the mouth by miaxing and cnn{:rects.ng
mepactiwzy*, hut auch - atamnt wmanted a mm criticai

sxamiaatim. ‘

‘rm orel t:cnttactm: muacla is a aman paited musfcla

) arxsiﬁg from t%m antennr mmssr cf the pruximal end of tha

upper labiaa ;:a!.p on a&f:h %i‘m. whare ths latter ia eanf;lnent
,uith tha mcm%h (fxg 3. 1t inaam on the sha&i at the poaition
cf’ the orax mﬁtmtnr m::ar {fig a), whic:h is moxe antax'inrly '
pj,aead tham the mtarin: byasue z-atractar ur:ar. | It is pcmaims

M" cas \‘

to ses this muaélsl-bes% 8 living materisl, for once it i torn

fmzm its attachmcnt tn the shell, it mthdrm inta tbe tissues

N af‘ m hbisi palp, whance it ariees, and all tracee are subssquently
lest, Tho nuscle is supplied by & nexve which arims in the
.kc‘a:'e‘t{gsi ganglion, along with tho mtar&or'aaliim nezve, with
which it is mfluent for cm c!iatemca, hef‘nta separating to

run the lcag% nf' tha cwscla to ite ﬁ,nsa:tmn m tha ﬁhall, while



‘ g';'téimg- 3

| "The antaxiux- mgwn of the ::ight shcn valve of &W
an seen from the véntral ﬁms, shnwing tfha aﬂgiﬂ and ins&::tion

) of the axaz cmtrat:tm: musclm

_ ) e, - -feﬂt; in. 1eb. paip - s.nner 1::!:5.31 palp; a. byg. mt. . -

anterior byasus xezraew mum:lc; cen, - maphagus' 15». iip -

| rlmr Ltp. up. 1ip - uppe:x 1ip; out, lab, palp ﬁutar iaba.al

""'pafi.pg xt, valw ﬁw ahen valves: mmt. . zamue; &, pan. n.

- anieriorpalual necve; 'Pal}m . = pallial musclaa; or. con, m,

| = oral contrettor muscle; or. con. n. - m‘al contractax norve.



gi(ls

ft.\ out, lab, palp

in, lab. palp —

a, bys.ret.m.\

rt. valve

mant.
tw, i S :
R = & a.pall. n.
mouth ' |
pall. m.
up. lip
or.con.m,

mid-line

or, con. n.
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the pa:uia:l nerves guns ventrauy under the muscle (f‘iq 31).

' | Thia mm/e is caned tha nrai contsactor ne:vs.

Thae ar:al cunuactor msc:).e in M was ée%h
mchanisauy atimulated us.th 8 nasdle and alettx!cany stxmleted‘
by means of. ulectmdeﬁ, connactad te an iaductim cus.}. circu.it,

' &mﬁ the nffect ef conttwtim ﬂﬁtﬂd,

(i) f.sgmwm
'fhau aari.ea of axgsﬁtiments wu; pax'famd maihly with :
- spoaimuna of ggmg__ﬁgmg__. althnugh thuy ware mpaatad sd.th

P,ga s and M f‘nr cmttul purpnsw, to show tha .

;aignif‘icanm of the aml mtxag&m muscle, p:atant only in

smma were kept i.n z;éleaﬁ asa wa’t.’:.‘_@hichvﬁn' changed
daily a‘ndkept maténéig m:atud.. | ‘Tides wers nimﬁlateﬁ t;y thn -

| removal of the watsr from the tank md exposure of the mussels B

| fax twc heura in every twlvu hmra.‘ A ;‘Juring thia time, the -
ﬁpltmﬁt mre k’ept moist by infmqumt s;xinkliﬁgs' nf‘ sea water.
It w2 natad mt tha fmding buhaviaut was at maximms intemity

. -men the speeimem werc again r:wmd by sea water efta: expoam,

’



a7

amd cunuquently the Feading oxperimanw were pnrf’omd at thia
time, | |

| In m cass ;if E&M& the .pécmai for these
'axpermnt. wers opened by cutting the posterior adduetux mutele‘A
and splaying ths valves opeh. &lthauqh th;a methnﬁ was of some
significence, it tenﬂad to pnn the oral cmtmtur macln
 teught, keeping them mntinuolly in a stats of tencum, m:
sut. Speciwns npancd 111 such a aaﬁm wari then @avamd with '
C aem sntar. uhich mm kept mt&nﬂy aexatad, This anam far

" & recovery pariod, usually frm 15 to 20 mi.nutea.

n (a).i"ee

N ()} than'xipafimnts. .a sﬁ#;:ensibn t;f’ carnine particles

, iﬁ _gen water was uaed #s a subnts,tuta for fand, al*thsugh Aztenmia
: 'agqs, end mi.lk atuiﬂsd uj.th Cmga—»ud, wers alse tried., Due to
the mathsﬁ of npmﬁng the valvm. thn m::al mmmctar zwscles

| ware puuad, mght. as pnintad ‘wt 9!39%. | £xp’armntt u;ara

; firet pgrf;am&‘ an gpatimens in which the o:a; 'a&nij:ractg?f mus::ie. »
© wan left intect ,iyia.' in its ta'ugué state (contracted), end then
S on apacim in which the muac}.ehad -hn’m'icﬁt. | In all ex;;sriments'
the catmine 'gmicins were tzansﬁoriad ta‘ the pélps. whers they -
 wers sortsd .md thm either 293&:&0&1 {(zngarded iﬁ i.tﬁe amlysn
| 83 "nat facding“} ax t:ms;mx:ma to the mouth and estan, ’th
presence of carmine particlea .in thn pmzchsi ‘of the stomsch was
contirmed ’by dissection, and ,nuchl spacjmns were then smid to heve

fad,
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':ﬁhnll”quahtitiéslnf'the,cm:m&na/ésa_watox suspension:
ubit'uagd et a tima;'since it was found tﬁat 15rge;quantitiag
tended to clog, so that the“mucous;@hxéad Qas'simplyvrgjactéd.

'(bb Egggggg u;th Bgﬂ

Observatinna on th& lunalitina of 7‘

| feaponnible fur this ssrias nf exparimsnts.
Experd
In’ this axpartunnt, the specimena weres not opened in
“the ususl uay.. Tha anterior puint uf the npocimtn was cut uff
in buth ;uhtrol and axpat;mnntwl animala; ﬁnly « small region
of the shell was ¥emoved iaé.;,#ﬁpt’§u§$un-ahtéiiu! to the
: iﬁssrtinn‘af.tha oralxcnntractéi'ﬁéscie. In tﬁe cdhtrol animals
- the urnl contracter muscle was knpt intact. but in th- eupcriment- |
al enimals. this musnla uas brbktn from its nttachmsnt o the
uhell._ The specinena were ﬁhen placad ina tank containing’ claan'
sea satar, which was - changad daily and kapt canstantly auratad,
E for 2 to 3 dcyt. T&dan wara simulntad This per&nd wes to
‘allow for ﬁmy aaud particlos present in the alimentary canal to
bo QQEQEQSQ; ‘ All the apneimcnl uare then tranafatred to a tenk
containing ear&tud sea wnfar, in uhich fine sand pntticlel hﬂd
haan placed, and kept cnntinually in auapansian with the azd of
~an elsct;;gal sti:rer. Aftut 2 -3 hours, the spn:imens ware
: mambvéd_and'their stomachs cqt.apeﬁ. to ascertain the presence

. of sand particies, Dus to the fact that thers might be e
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pusitional ef’h;’é in Athe«'tm&, ‘thié sﬁﬁar&uﬁent tﬁﬁ& 'ypérfmvuitd h
tuice, involving o total of 14 control snimsls and 14 in which
the nuscle had baen cot, |

%n the case af m aﬁd ﬁm an uratad

taﬁk of ses uater was msd in which tbs sand was k‘apt in suspension
with the aid of am electrical sti.rrnm ~ Bpacimm ware placed -
- in this tank iﬂtm. end :Left f‘a: 2 -3 hmm:, so that feeding
. could take place, The specimens were then dissected end the

- prassnce or absencs of iand L0 i:z!w stomach recorded.

-This gxpsrmant was uhdartaknn ss cmﬁmntary

" ﬁwi&mc& for the funetian of the oral contrautar mme‘

Sﬂ aimilutnsizad apecimns cf &W m Gﬁ
mors total length) wers eanectad in the fmld, at each of theas

o ds.fferun% levals af tha twas -

ta) at low tide - Mmen :m mugsel bank was expnaad '

B {b) 1 hour bnfome ax;mmm on the wtg@iﬂg tide ~ ﬂs\m the mussex.
bmk was just cmmd by ses wattr

(a) 1 hour sfter expa:ura an ‘the incoming tide - when the wsstx '

bmk was ugain juct covared hy sea mm. '

| Tha spec&mm were knxad instmuy in Bﬂ% athyl a;mhnl
“ 'to p:uvant defescation, Esth m&mn}. was rmvea fm its chell |

in the 1abnfatary, am:! Muahls woshed under tunni.ng uttﬁ“



so
1t was thmplaaeﬂin & atrong aoiutim of boiling sodium
| _'Zhydrvnxida‘ snd diasn!v'nd; 'Thu remiﬁing ‘sand‘ from tmt L
: ;alimantaty cenal, mm then canoctua by fntratwn, and huateé o

't eonstan% mght. V

Livﬁ.m; meims nf‘ ,&MM&Q (40 ~ 69 wms total
'1ength,l were also wuu:t.eé end ttmsmrtad to tha x-harataxy.

o aam thny ma divided :lntu two batchea of 50 lpt&imé sache

{i) the uaﬁmnos in !’mt ::sf tha nral cmtratztor mum:xa NOr®
r‘:emuad and the ﬁral ﬁmt:nem muscle btakcn 8t .tté
© asttoctment on the chell.
{11) the umbones in front of the oxsl contracter muscle were
zemaved, but the m:ai éﬂmxwt&x‘ muscle was left intact,
Thass spacima usm kept in thc labnramy. unm
‘ ‘t.idal mnditinns fa:: 3 days, until hyaaal :tta:hnent was

- achieved and all tracas of aand An the alimtars canal had

‘disapppmd‘ This.waa dmsa‘ iﬂs plmtie txayn:‘

o At an apprupﬂate i-might a’f the ti.da, the trayﬁ plus
~enimals were taknn‘ back te their loca.uty of collection, snd wese
fixed in position by h;lf burying tho ‘{uy! An the send, ?hc
tide was allowed to rids ovar the treys and after a period of

1 hour, the enimels were killed. The specimens were Temoved

©frém their ohelle in the laboratery end p:rocmnd as before.

' 'The ﬁa_n& uas' hested to constant ‘waight'.t
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| wm tha taught nraz cnntmctar mcle was prickad

o with a mmﬂ.e, it cun*emted, and .in the majaz&ty of axpa:imnts,

o thﬁ.a was aewmpu@iad by en uﬂﬂniatiﬂg movement in tba cuter V
J.abial palp, with o cur,ling baf.:k of the mouth corners, ﬂ:&

: cuncluaiw avidencs mzd bs glaana& from tham axparimnts, '

o -uxmpt for the f’act that the oral aﬁntractar wuscle may t:lous tha

. mg;, ;,y ggntxacting, as or&gimliy pmtua%ud by Smtt {1926).

- Despite tﬁﬁ fa:t that glaaa-—enmaﬂ siacttodua wars used,
tugethur with N ummx. vnitaga nutput from tha i.m&m:twn ca.ila
| i,s. m caila ware plmd gome 12 cms apax:t for a raapmsa,
" the rewults were os inanmluaivu es those mentioned sbovs, ,‘
probebly due in this cess to the high spcr:iﬂ.c o&anduativityvaf

the gmua wam mdium sct:i,m; as & shunt.

o
The tesul.ts nh‘taimd fxom the feading of’ t:nmina
,paxticﬁlea to W are shown in stlu 4.  The method
of epening the valves resulted in the orel contractar muscle
being in o otate of tanss.an: . anperiments were thersfore
performed with the musciu intact md tsught, and u,{th tha emacu

" eut snd relexed,
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Jable 4: ﬁ?féct of stretching {equivalent to contraction) and
| s:waring iéquiiialént to mlamﬁon) of tﬁe?'ﬁmﬁl
cmtra&tﬁr muscle (Sf W on ita ability to

: take up carmine psrtinles s.nto the gut. o

) ’r:d‘e masele. "1 . uncut muscle - “total

. {mlaxeé}* - (cmtzmtad! -

Feedi&é" o 11 R 2 o 13
Not faeding s s a3
.‘?otal s e 26

(a &c)(b&al(c# d)(u - b)

16 %10 x 13 x 13

W

.2‘

s 7.95 for one degree of freedom
The probahnityﬁf the difference in Tesulte being due to chance

- §o less ehaa .01, md the niscle in s stca‘te of cmtxactim ‘

- therafore, prevents partie.‘ms fm enta:&ng the mouth. The

: funet&un nttr&butud to the muscls by ﬁuart {1926) is thus

Substituting fims smd for carmine partit:les am'l

‘ V--camparing the sand intaka of :mimals allowed free cantra}. over
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- thejr utal cnattmtur mm:lea. with ans.mais in which the mm:}.a

‘ haﬂ haan cut, y.ieldm the tnsulte shown in Table 5‘

In these axpaxﬁmts, Vtho mthnd af nptm.ng i.a.
remmal nf the apex nf the om;, wss sueh, that if the mﬂmlt
is left imm, it is mpebia of fmemsng and shutting ﬂm'
| | muth If ths muscla .‘..s mt. it can aa Longur ﬂmcts.m pmp&rly '

-and the muth memias zspan.
' "i‘@;’ 1@ 8 Comanm Mt«mtﬁa send intgl&‘o ot mal é;andmena
. of Cymeridionalis end specimens in which the oral

contractor muscle had been severed,

 out mm e intect muscls . tota)

" gand prosent - 6 A o R , | . 6 '
sand shaent _. o K " ‘A : a4 o 22 '
totel . ";14 E o S o é@

14 % 14 x ,65:'22 L

?.66 fe: one dugrea of fx*uéom

- ‘!’here&:ra r.m pmbnbiiity rﬂ‘ tha di.’?ferance huiug due 1:9 ﬁhance
is iaas than ﬁ.ﬁl, md it seems as i the crsl czmtractnx? muscze
serves za close the mth in the preswnr:c af nman particim of

. mné, which ere ncmuy ﬂnt mﬁcmm by thn palps. ‘
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" Thess results wers r:;amp‘aré& with the sand intake bf,r
. dntact specimens of '&mm and E,perna (Table -5-;, end it
- was found that ‘thare wes no aignificmt differsnce betwaen the

; nmbers af‘ M wii;h savered muaclaa and normal specimnu
’A of g,aagga and W which had tskm in. aand. _ .

7 ._&;___,: Sand intaks of nozmal specimns of Mmd
sand present | sand aboent - Totel .

_P,'grﬁg: . s a2 5

. Amagellanies 0 2 . .3 s

et s . s 30

| . @g 1 , ﬁmparism of smd intaka hetmn sper:im af
_Mm with semsd oral mtractor ma:lcs

. and normal spacingns of Wﬁnd W‘. :
| o " sénﬁprager;?. | sand_;ah;w_at. Totel

| Total R * B 1 2



11 % 13 x 14 = m
g B_.lzifoi_bﬁi dégrl,!n of fr&édam
 The probability coefficient for these results is 0.99 and indicatss |
o significant 'di.ffcrenc& ’bitween Mw ﬁilth sevuud
ﬂ'musclen and intact apacimens of g,g gg and

Thu quﬁntiﬁ,ea of land f:nm apaaiiuns of &wm
natunu.y m:curring and axparimental, and ‘Asolated by bniunq
the apacmnu with sndium hydmx&de and collneting “the reaidus

: at ccﬂatant weight. iu gimm in Tabh 8.

able O fbc dry weight uf aand obtainad from ‘&hs alimentary

canale uf mturany murrmg and expeﬁumntal apecimm :

. ._ of

iz, 50 Spanimcﬁs (46 - 60 ome total
hngth} takan in esch case,

-dxy weight of sand.

‘ | ":.ngmslﬁepecim!m E
| Néturaily -nbc;iring apécv‘i.manm

- Incoming tiaé'; juct coversd © . 0.190
Dutgoing tide « just coveced 0,203

Low tide - sxposed _ L d‘nd :
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Isble f3 continued = o

- ary weight of sand
' in gna/SO apecimens
Exparimental specimens:

| Drel contcsctor muscle dntact - 0,455

 Oral _cm_'ﬁ‘mt& mescle eut 0 0,748

ﬂms functiun ntt:ibutab:le to tho nrul wntrmtox
mu!z:le of gmgmg& themfo:‘e. is to clcua the mouth in

utdcr to prem‘k tha antty of inedible putticm. auch as sand

into the gut. &max, amn quantities of sand are alwaya |

¢Auprmnt in the qut {Table 8}1. The signifﬁ.cmm nf auch a )

, functmn, in tezme of thu activities and ccolagy of the mimam, '

- will bﬁ cmoidsnd i.n the ‘l"oi.lnwing d;u:uasion. B



, A Tha ahsm cﬂ’ the nral mtractnr musr:la in ,_m .
‘end A.magelionica, and its pressnce in Coneridionalls, warranted

e prasence of

furthor invastigatian. for [this mscm nust be included ammg
‘ 'tha d&agnantic apwﬁc csharacteu of the lnttar specs.as. _ As
K ”“, pointed out by Swart 5,3.92:';}, it aervaa. ‘the. purpose of npnnibg
' and ¢loaing the mouth, by zalexing end @mtiacting' ﬁapmtim_y.,
ﬁmvm:, besidos ﬂés&xibihﬁ tha anéﬁ‘&ay of this muscle, Swart
igﬁﬂzﬁed the mdi;tmﬁ under which éueh ﬁéuscla would hpe&:#‘te.
| Thore cen be no duupt‘tgat this musulle;pa:?gm the
A f‘mcﬁi&n asc:;méa to it by Swart (1926), and this is EW in
the expsriment using c&m‘im paﬁttic}.‘eg 82 o auhatitutm for f‘md,
8o long as small quantities of the suspension sre used ”:ai o time,
'ﬁhm the 'mse}.a is mnt&mte&; the 15;;::& of the mouth sre ‘émaécd
fimly togstm, s thot no food may pasa ,intn the aesuphagus,

‘but instaad is umspﬂrtsﬂ by ciliuny sction tmmrds tha diata).

| ~andg of the J.ahin& palpa and rejectsd as pseudn?mcea :’mtu the

. mantle cavﬂ:y. Fowaver, mlaxatim of the mustle ennw the
~ lips t‘o part, and ciliary sctivity moves thse fmd,. sorted on the

. palps, into the mmfh and into ths mmphagua.

It was alsu foted that in ‘the thros smi&s dﬁalt uith,
tha major feading activity tao%: place a short time aﬂ:w the
animale had been sxpooed snd then repiacad in uatsr. a8 they are

et periads of low tide, Ttsua the localities af the nussels were



o ‘e@udieﬂ éﬁd mm: uiih'the expsﬁmcntal cviﬁén:a; iha‘ correct
functianing of the orel cmtfaetar muscu is pnstulated.

The “!:hteu apacies of swssels dealt with in th.tn tactitm,
S‘u‘;\enao“

be discrimiaatad acningicany as faum (m. :ma}e

ma
&EE.JZE
) " This is [ wam water ﬁpﬂcﬂm, huvinq a maxim dnnsit,y
at the ."l.mr Balanoi:d- zom,' u‘here thay form thick cluttnrn on
‘. thé ;mckﬁ; Stmng wave acticn seems to be one of the fnctuza
’ _ragulating the zonetion of this specizs. &m is always

situated on wavmuhad paaitim on the seaward ?m:as of rocke

”und platfatml (sem ﬂiamﬁim on Anatemyi.

This is %hz rmld uatar ccunt&rpax‘t sf m b&ing
“ mainly dittributed on the mt and s:mth cuants {sms ﬁist:ibutim}.
1t e found on tm: aaﬁwrd facas of mcka and :eefa, in arsas ot‘

“ thnq wave action, .

| Comeridionaite

| A told water Vendm,amm,‘ which is ?amd:ma_inly' |

| j‘m j".nahuri rocks. 'rhiis‘npéaiéévhas Lalmy gxéat aﬁvmtaga in
'cxgvalﬁiﬁing those oress of mék, which are ulmﬁ'-t' c;':titeiy | ’
‘covered by esnd, almost to the ext:!.usim of mz uthsr uytn:lds.

‘( M {1943) goes a5 far as to point ocut that tha acwrrem ,

- of M&g seans to be f’am:nd by the praximieg uf sand,
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This meias must therefors hmm some device wheresby it can’
tolerate thc high cmcentratinm af suspendcd sand in tm sea

uatu, uhich it fiztarn.

it 'umt be nnt:ﬁ hamwr. that this specj.ea earmat nxa
when mum; buriud undn: smd far long psﬁudﬂ.‘ Certain
*&'m:kﬂ, which m covered by sand in the mnmﬁr monthe s%
’ ledudng, md ere expﬁswd mx‘ing the wlntu: manthﬁ, g‘;t

VApopulatim af smu mgmw en them unly in ths uintar.

| ’!:snge {19862 P 1133 attm thai: ‘%ha Bivaj.viu ate
 pachaps m tmgt animels suited for 1ife in soft substrate.

It is i'urpx:vising to f.‘iaé: such snimals, and often Qiﬁ:h 'su'pf;'m’- |
_wceeés, axplaits,ng the ;énéaibﬂitiaa nflli-fa on hard, scmetimes
-hithy- uurf-ﬁutm auhntratm?‘ it is -tm:famj not surprising |

K to find M in saﬂdy habitate,

. ks long as the emseimanﬁ are cwemd by u-tar. the -
~eilbary mechenion wom for 97 - 99% of the tm {Luasmff,

- '.1942?, during uhich t.im f-eding takau place, prnv:!.dad t&at tha

- wonditions axe uuitable; the awmge sdult filtering ftm 1.5
S 2.4 n.txea of wate: per hour {Linke, 1954), Schncpn
11963) ham ghown uxperimmtally that fuding i§ not a mtmﬁus
by process during the psriad af nubmeim, and that W can
nguhts ite fending mmhanim, in relation to tha food content

 of the water,

At low t&ﬂ!f the animal closes its shell, and carbon
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dioxide scoumulstes within the mantle cevity. It is said thet
such 8 'f:hemicﬁl change depresses the mury ﬁéuvity. unt:u |
' thm c.-.uia cm to mﬁt ma ths oxygen in the %isauu in Cﬂﬁm&f&ﬁ.'
Simw the sveraga mxygen cmﬁmp%nn fnz w;g ?sss hm
K amgsged “122' ec/kg/tr atst‘ 25“&:1‘{1#:;5’:;3_, ;’9&0&. it ;&apnﬁs-_mlcf
: ﬁhat an ax,ygan debt ié- mﬁifas&d during the -'pisrj.?ds g‘f’éxpﬁwté;
| Some Amswmry exchenge ﬁhy”téke pi‘ace, as the éhen”may be
slightly opcn aliuwing m a.tn to mm. Mhlm the t,ide riaes, h

zm! the mwe; bank is Wemd, the eizia resume thair activity. .

! ﬁcu mmiﬁaring tiw lmality of W;
1ﬂctming tide will 14ft up send from the bottom and catry it ,m '
'muapanuian over the aumaa:& hu_m:. . Kellogg {1925) is of the ‘
apinion ihaf imnibbmm can nhly feed in ma&mivm ‘cias;
.wator. but chsun {1923) and Churchill ana Lewis {mza; hm »
shown thet mmamha can and will feed in bw!:ot with a high
xﬂﬁﬁd cmteﬁt. » Spm:immu of g ggt;dmnggg muﬂt thmfm be.
ablu w aarxy on mapitatim and yet pravent mm paxt&cln of‘ ‘
sand '!’mm entzx!.ng ti‘m alimmtaxy canal, whaﬁ tlw tide is -:i‘.:é.ng.

-ﬁou ie tﬁis paaﬁbiu?

N  The answer to this pxablsm is presumably &n the |
functimi.ng of ths oral cmttactnr musolc. It was smen am ‘
thu laboratory, that epwimns‘ of':lnll three aptmiw»fwﬂingd in
a tank oi" éea Wétar. tended to close up to o VS&ﬁvn extent andv’
: "Afam thaii: panm wntmlaa inte & kind of eim., when fine

aams was added and tha aatar mﬁinuany atim:ad. Sti,rrs.ng



o : ) P'“\“‘ “4‘ an Q«ea’\’
- alene ui.thnu’e the addition of send, did not/de this, Hem;e,

by means of this pa}lial, filtering msehani.sm, the. &am;ar
A pnrtielaa nf sand are. pmvm%ed from m%a:ing Athe mantle eevity
‘with the iﬁhalmt wmt of watar. ﬁésul‘ts {I‘able E) saem .
4o iﬁdicate that thia mathad of megnlation ia f‘aiﬂy impnrtmt,v
‘since when the panm mechenism is intact, ,mxy;:,z.zaa gns of
- eand Lmsaj found in the gut mtg&ta ‘é:f 50 apwﬁenn; end on
"daattqy‘i.ng the affféatiwneas of '*!_:hia mechonion, by mvn; of
the umbonel ﬂgﬂﬁﬁ;ﬁafﬁﬁ gms of sand was found in tm"'g;;t mné;neu '
of SO apaeimm “ ‘ha‘hé:o'ft (1899} has mmnted on fhfa: ‘Smportance
of th:m muchmi.m. ' | - | RS .
- Sacratm of wemm ahaats hy the gill apithalia win
' »tz:nd to capture the food ;xarticlea (Mmﬁinitie. 1941) and elsr:
the sand particles, a;though -‘khe gina do not pmduca ths micous
nete when imdible matter a:ima is g;maeht.” _In this t:asg, the‘ A
 afficiency with which perticles sre retained o entiraly dependant

on the particle sizs, Tha MICOUS »sheat,' plus ;‘m#tiélaa, is A

» 'traneportcd to the labial palps and the pa:tix:les aarteﬂ.

' Cantrav&my has arisen o8 to whather the Mm‘tiﬂﬂ of
food by the palps is qualitative ox qugnti‘tativa; Lotay {1893),
Allen (1914) end Jorgensen (1949) have suggested that the food

value of the part&c’las is dis::etnad by the pﬂéa, but List (1902),

- Kellogg ans), Yonge (1923, 1926), Nelson (19233 and x:humhm.

- und Lewis {1923) hxsva faiied te find. anythmg ntm than a m:raly

‘ mechma.cal ‘selection of fmd. basecs on par%iclu»;ize. - The
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exsmination af stamar:h m:mtantn, boﬂv by $¢vagc (192‘5) ‘ond thu

preaent author eeems w cmf,im thiu. :

ﬁming gart;ela. obviously _mﬁiﬁle. were ahown !n ‘
‘experinents %o bs readily teken into the gut, and sand particles
were shown to be p:é;seﬁé in oll the ‘spec;imem. gs;ami@ad (Table 8).
This would sesm to suggest that ths palps éiwm.ma‘ka an the
s@zv} (?v‘vm‘ weight) of thé pbtti:la‘ alone, end that thﬁic nithiﬁ
] curtéin rsrfge ere mm into the mouth. Critieal perticle |
‘size vetained by the filuring meuﬁanim has hm dst&mmm! as
1« 3y (dorgensen, 1949, 1952, 19%5). Particles of 1arger sm
 are passed off ‘t’hp ﬁapa/as paeudofa@il. : M way, howsver,
‘hc sensory receptors on the paipn {Cobb, 1918) which distinguish
idibl; fm‘ inedible pnwag; but if the pat"b&eiﬂ au's‘ of
: suiteble size, they are cntri;ﬂ to the mouth regardless of this

factor,

How in tha case af w;g& mrz ths sand

| , suapansiun. Bs apprnximtely sewpled, is 10 gnw/litm tfuble 91.
some sand particles must snter tha mantles cavity and hsncs ha
ktrmpnrted to the hbiﬂ:. pelpe, wha:ee they are mtad for sizo.
If thére were sowe mechenism f.ex‘ciusmg ‘th-g muth,‘ an excess of
&ch particles could ba' shunted cf? the palps as ﬁm&*m:. A
Although small emounts of eand were found to bs present gn

| natursl populations {Table é}; jl:he'::aas’.of th& fepding aqurimta,
amploying o mung eand auspénmm; has shown that snother

regulating mmm aj;p&j;eS»‘
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”Tgp_;a 9¢ The dry uaight a’f smﬁ nbtamsﬁ f‘m woter sampl-s ‘
. of the same vu;um. taken sbove o bmk of __,W
on an incoming tide, | |

Semple  Wtofesd  Hean Wt Ween Vol
e - gms T ees

0772

. v.6m

 o.atr
6.1646 | |
vemo 6013 20

10,1846

S T T S

. 0,2096

8 .. Dpaend
e T sasr

v Q;antity of sand suspended in the ‘;ﬁaﬁaﬁef is 9.9 {5) gme/litre

ﬁotu Thie is an arbitary figm ahd will \m:y wi.th the umunt '

B of wave ection and the éiztsctiaan of the wind on any given day.

1t does however, giva an indication as tu the high valnz ‘of the

cenmwatiun of tho nand in suapmﬁm
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| The methad of opening the point of the shetd obvicualy
. leads to ﬁnﬁamra; ‘conditions, where more sand t_oigt}r!’:‘ enter the
| ]gwl:: theﬂunm natural k:mc%itﬁ.mc (.T‘éhle 8). Nono the' ieté,
it has bm shown atatistieany that, in those spacmna with en
. -intact nwa& cmtmetm‘ muscle, the mouth could: be clased of f and
€0 pm&nt »'cm entry of sond, Table 8 shows that neaix;ly four

‘f‘times as muci-.w sand enters the gut, wheﬁ the oral cmiricﬁnr muscle

L ia ot funtti@ninu. _

The fuﬁctim of the an\l wﬁtxactoz miscle thatefﬁre

' mzm to be that of a bréoking mechanisn an the food mms, and

in the presem of high cmcentratima of sand, may einse the mouth

and prave.nt the ent::y of iﬁaclxbiz mata::ial.. : If. seema that this _

is a f‘u: mare 1ikely acwrrm “than tlw ﬂiscriminatm of the |

| perticles by the cilisted Lobiad pelpe, md whuld involve a mt:h
.:simpler nezvous @o—méinatim. Homm, it ia sugg;ested that

B this method of xegulutim ia cﬁe m’ sewx‘a}. apamiwg ﬂimlmwuﬁy '
. m.thin -the animal i.e‘. claaure M‘ the ghel) valves, tm pmm.

| | :tmtacz.e eiew, s&cm‘tm a‘l“ mucous nets by ttm ginﬂ md the ,

sm‘ting on the pulps. "

, 1t bhas bﬁm suggas%ed that the mal mtrmw: maﬂe
might act in wn§m¢tiﬁn with closure of ths shell valves, for

| the expuisim of pisn‘ugiafms from the mmf cavitﬁa In the

. Vii.ght of the cx@aﬁﬁnmtu, this ém‘nniikﬂg.v»» Anﬁtam;{m
".,axmmﬂm has also revesled that none ﬁaem _m'm;ej fibres

" enter the palps.



] 'Thﬁ; anterior region df’_‘ the right shell vaive of e. g'_!:agj ”ng; from the
'vaﬁi;ral vs:idé_; ahawj.ngv'tﬁe absence of the oral cuﬁtx‘wm mscia._'
' v'f'rt.. - faut;’_ ‘in. 1eb, (péip - inna:’ labiel palps a. bys. ret. m.

- Qiferiur'hyasug retractor n_uuénlé; oes, ﬁklceémphggﬁs; . 1w, lip N
- 1cmar iip;-; “ up. lipw_f-. uppeg lli.p;. .gu‘t. lab. 'palp - nutelf“". X
| ,;’ébi_al palps :t‘__-\Qé;y& « right valve; pall, m, ~ palliel -

misclees mant, - mantle; a. pall. n, « snterior palliel nsrve.
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What happens in tho cess of P.parna snd A,megellgnice?
Ecological distribution seens to indicate that these species

ars unsuited in ths main to such a sandy ecological niche,
Howsvar, in certain locslities, spscimens of both species are
found on the wave washed surfaces of rocks., Thase are usually
in the lower Bslenoid zons. Such small groups, in the case of
P.pszng, or larger benks, in the case of A,megellgnics, will
alsp be influenced by the sntry of sand particlee into their
manitls cavities, Howevnr, shen the tide rises to tha sxtent
where thsas are concerned, the watar level has rissn conaiderably
sbove the sandy substratum, snd this weter sgl bes comparatively
fres from suspsnded sand. In the cass of cxp;rincnu with both
P.perne and A magsllanica, smploying a aui:;:Sing sand medium,
sand was found in ths stomachs of thres cut of five specimens of
Piparng and two out of five in W. Thus besides
clogurs of the paliial untcciu, these ipec.tu havae 1ittls
control on the sntry of correctly soctsd particles into the
slimentery canal. 'Bimctim of these twn speciss indicatsd
that ths cutar .hbhl palps wars attsched to ths mantle at the
position on the com;:: of the mouth (fig 32}, Stimulation of
thess regions in P.pexrng end A.mggellenice yielded no responss
in the mouth.

The oral contractor wuscle must therefare be one of
the factors snsbling Comeridionslin to take full ecolagical
advantags of sandy nichas, almost to the sxclusion of P,psing



06

| “'3“‘3 m&m

' !t s.a intusaating o note that tha Sauth Amuricaa
| spaciaa, Rg;a;lg and __._m uhich ;maseaa & scar in a’
simnax paeitim €ane ﬁuaelc Im;;m&ainna} tq thc nraL wntramt
‘scar of W@& but do m:t hava a ‘muscle (Sﬂot-ﬂysn, L

» 1955), have bean taken fmm muddy and aandy xn::aliti.sa (Wm. L

1-955) o«
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The .\ocwlity ulmtm:t Y sus.tabm for. this saxim of
megsurcmants wis thc outar uaLl of tha 3zukusm of Table Bay
Hazbour, where it was known that W acmrrud from the

© leyd of low walee:
lower Dalanoid zons, dnm to a depth of 50 ft below the/low water

of nea s, '
" of noaps mﬁ:k Five difforeut depths ware chosen as the stationss
surfece {Iower Balanodd zone), 10 ¥%, 20 ft, 30 ft and 40 Ft below
ths surfece of the watex at' low tide, The daptha wers sscertained

by - d&uct xeading of ﬁxﬁgu’ uﬁ.ﬂt dcpth gBuges.

| Rmd:m samples ware cnlueted in lebelled plpst:ics bags
at uch dupth by divers,  The '&otax hngth of sach sbccmn was
manuxea in the 1m=atm:§ with s}.w&ng nolip&n, hefore p:em-
vation of the ma'lmrm. Only spscimens above 10 mms €tata,1
:mgth} wELR m'surcé. The results of theas msaaurmnts are
, qivan in Ttblea 12 - 16 and aeve plotted on grephs (Ffig 33}.  The
conectium wau mar.'a on tno different accumnﬂ {Novenber and

December, 1966) in m:der to increase the randomneas of aaizctinm

‘Recordings of the temperature at the Dreskwater have
been ébtaimd from ﬁeydm {1966} and fm"t'hn,‘mving Logs of
" the Division of Sea Fisheries (Heydomn and Newman, unpublished).

Thess recordings ars pracénud in Tables 10 and 1.
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- Yable 10: | Wator temperatures (q€§ snd salinities (%/oo)
" zecosdsd from the Breakiwatez, Tabls Bey Haxbour.
' (efter Heydorn, 1966) - R

Date . Dbepth  Temp.  Salinity

% %

>

notres

% ssa62 82 1w L

B T X R

1T 62 I e 0 w3y

- TS 7 - SRR T T O

. 11:10162 ‘38 138 - .68
| 43 w8 34.89

w1206 0w . 9.8 3069
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able ;;g Water tampuratures {QC) rscnrdad\at thu suxfaau :
- and at 60 ft below ﬁhe nurfana (bnttom), frem th- ‘
B:eakuatar, Tnble Bay Haxhnur (a!tar Hnydnxn and

" Neuman, uhpublashad).

. _"naw.i.- o Yemp o Tate . Tewp % -
| botton gﬁzfaaa“fl“i ___‘H:  o éqtfam su;facé_"-
‘z;eaaﬁ D e f*:iia;av - "S-Zﬂatsﬁﬂ“ -*Jza,s 14,5
~-1vsaa5£ T W R o 29964 . us
26110068 - '~515'.s o 2611464 102 10,2
nzi6s - '“¢-W 15.8  a3ses 165 511;5“ ‘
2MkabS - - 14T '19_';5;.5;5 uo s
17:6:65 1.8 1.9 1ame . 132 104
746365 B4 A8 mmes 138 18,3
4065 1.4 123 46 9.0 9.2
D 1265 - 148 10:166 B9 123
232166 :‘.,m.z.. a2  39§_3=66 48 185
12:4:66 Z,@u’.‘s' 15,3 | 517166 - - 13.6
22:8:66 - ma ems - 13,0

- 23311166 - 14.8
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‘M‘ M Lengths of smi.mam iiﬁ m} chtainsﬁ
- at the Brukwam, Teble Bay ﬁarheur m Nmmbe: arxd
mm;x, 195& f‘xm t!w mfana utatiau {zm

' Balmaid ztma}.

. Class Intervel . He. ofﬁspai;m L . % sompls

T i mme

10,0 - My O ar s
'15@ -9 ~z"14;‘ | I~ K
wa - 229 ws o ar
5.0 - 28.9 e et
o -9 6« T2
10 - B9 o B sz
4o - “ws 2 - 24
o - 98 s qgs
0.6 - 549 1 0 oa
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Tsble }3: Agagellanics. Lengthe of specimens (in mme) obtained
| at the 'mﬁakyatu. Tabla Bay Hezbour in _Ncwmbar' and

Decembes, 1966, from the 10 ft depth station.

© Class Intexval A - Ho, of aMﬁ"' ‘Sssmgic ;

,inmr

wo - s w23
150 - 98 0 e 18
2.0 - 249 s . oaas
3.0 - 3.9 s na
om0 -39 s nae
I T T zs T
o -9 a1 ag
s - sa3 w3
‘s5.0 - 899 - 8 - e
6.0 - 649 | s L a3
650 - 699 . .14 . aa
.0 - 789 o 'A 1.8

1.8

o o

5.0 - 79.9

_m

© 80.0 - 84,9 - 0.4

85,0 - 89.9 2 o



. Class Intazval

-2

 Lengthe of apecinens (in wma). nma;msa’

. , a‘k the Bmakwattw, ?able qu Hazhaw in Mm&mbar and

Bacmar. 1966. fm the 20 £t depﬁh sta&icn. .

' finv nme

100 -

' &5‘,3 -

20,0 -

250 -

| ) ’313".13
35.0
a0
45,0
- 0.0
55,0
60,0
65,0

14.9

39'09

24,3

j 29-9 .
‘34-.'9,'
S 39.9
44,9
49,9
s
89,9 |
689

69,9

67
45

o a
a7

s )
a9

e

18 |

14

% sample

159 .
0.7
s
g8
.z
RO

8.3,

7.8
4,3 =
3,3
23
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at the Braakwatox, Table Bay Haxhour in Nnvambar and

Decenber, 1966, from the 30 ft dspth station,

Class Intazval No. of spscimens e % sample ’

in mms -

00 -2 32 133
150 - 13 32 S 133
.0 - 2.9 R 2 1.3
%.0 - 29 a . ST e
30.0 - 34.9 a5 o 6.2
35,0« 399 T Y 2
: 59.9‘ ~ Mms 1 | ,'_'_ 2.9
50 - 459 N S K
0. 0 - 54,9 e . "' 3.5
| 55.3- g» s9.9 T T X 2
60.0 - 64.9 1 |  _. 13 . sa
650 - 699 | 3 9 T A
00 - 9 13 54
5.0 - W9 L 2
80,0 - B84.9 2.9

85.0 ~ 89,9 2.5

RPN SRR

98,0 - 94,5 1.2

95,0 - 99.9 o 0.4

Langtha of specimns (.i.n mms) nbtained .
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M: MM% Leﬂgtha of specimuns {in m) ubtained
wh the Bxsak«ato:, Table Bay Hathm: in ﬂwmhe: md /
Becumbet, 19&6, fxum the 40 " a«ptn wtation '

Class Intesval | No. of specinens . % sample

in mma'

15.0 - 19, 9 1 N o a6a
w0 - s . 16 - ag
25.0 - 229 o o w . I ,(;5.6,
.0 - 349 ':. 2 S aa
3.6 - 39.9 R T
0.0 - 48,9 R T "r‘n.& |
a5.0 - ~§9.9V‘ ' : 3 e , .1. 1.7
50.0 - 549 o o nE
580 - 8.9 e 1
60,0 - o a0 : ‘6;1f
6.0 - 099 01 ' 1.2
700 - 748 ': . o ;2.8"
75.0 - 19.9 T e
80.0 - 64.9 | Csa
8.0 ~ 89.9
9.0 ~ 98.9

Q. » - w
i
*
L]

95.0 - 99.9
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Igbls 161 continued -

" Clavs Intssval , T Ne. of spetimens o % semple
100.6 - 1889 % el

08,0 - 109.9 o . e

10,0 - 114.9 | oz o 1a



FIGURE 33

$ize distribution of populations of Aagellsnice collected |
L fzom the Bxaaku&ts:. Table Hay .Hfia_rb‘au_r in Novembes snd December

1966.



401

30;

surface station

sample

NSNS

%

201

S

////m

10 15 20 25 30 35 40 45 50 55 60 65 70 75

class interval (mms)



sample

%

301

201 10ft station

101

/ /m%m

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
class interval (mms)



(swwy) -jeAsajur ssep

00l S6 06 S8 08 SL %\8 09 S5 0S5 S7 07 Se 0f SZ 02 S Ol

uon®ys Yoz

%

a)dwes

\




A

(sww) jeAs;sjur  ssepd | )

00l S6 06 S8 08 SL OL S 09 SS 0S S7 07 SE OE SZ 0Z Gl O

1 \\\

~

uone}s 0¢ 02




{sw c.,; dm?_ouc__

sse)d

OZi Skl Oil SOl 00l S6 06 S8 08 SL OL S9 ow 8§ 0S5 S7 O7 S€ 0€ SZ 0Z S| O

4

uoijeis 3 0Yv

ajdwes

%




116

a4 v t Size with fxposure ¥ Ac

Although this sexies of msasurements wss carzried cut
to determins varietions in size of A,magellenice dus to wave
sction, it muat be noted that ths sffects of any singls factor
of the snvironwent cennot readily be fsolated, Tha factors
alwayn act Jointly, and it is their resultant action which
produces tha wu-tinm. As yst, no sdequats study has been
mads on the joint effect of ssversl factors, slthough Gsltsoff
(1964) has smployed @ points systewm for his otudies on

Cr ptras virginjca.

Variations dus to the envirorment manifast themsslves
in bivalves with both chsnges in thes shaps of tha snimal and
chenges in the rate of growth. Orton end Awati {1926) found
that in Dstrea snqulete, specimens from desper water had brosder
shells then those from shellow water., Howevar, thsy offersd no
sxplesnation for this, Hamai (1934) has attributed differencss
in the shaps of Mergtrix merdtrix to temperature, while stating
in later pspsra that the neture of the substratum and othar
chamical conditions of the sea watar also contributs to changes
in sheps {Haemai, 1935 &, b). PFelesnesr {1893} has shown that
in musasls, the ¢hell form is influsnced by the movement of

watsx,

Since it is zeported (Welford, 1946) that ths higher

ths growth rate, the greater the ultimste length, environmental
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| factara influencing the gruwth rate in ruseels have be&n studied
(Genovese, 1958 - 1959; Riced, 1957; Plnani.a. 1958; - m
*i as given 1ﬂ‘Allan. 1963). - fox and Cna (1943} hava ah&uﬂ that_
| thcre»iqtﬁ geqerﬁi,pbéitivn aa:welatinn betumgn'incrameni in
gzowth aﬂd avarage.mnnth1y taﬁparétuts. W£th.t dacrnnsé_dutﬂng
the monih uith.highést tc@p&tatura: ‘Dadgsan !1928l?has.nqtad
. that mussalé.can f#nefinﬂ bitwaan n“c and ZQQE, Bui it appoars
that tomperaturus batwean lﬂ E and 20 c ara aptlmal fur gruuth'v
(Coulthnrﬂ. 1929,
ALthough both Whits (1937) and Batrd {19565 roport
. thet ggggun can tolorste great Variations in u-lznity, Brandt
' {1698) found thet the size o invm:aaly propnrtional to the |
salindty.
‘Field (1922) s of tne opiﬂicn. that food &uﬁp'ply. is
thevch£e¥ factor influincing grﬁwth; and‘Baird'{lQSG) Pﬁrﬁhﬁr |
'_ atates that the tampnrature has an indiract influenea, in that
it affects'the paint at which mussels will feed. Alua relateﬂ
to feeding i the fact that mussels con only feed when thmy are
'ﬂuhmeiged, 80 that aﬁunimamsfuhich are auﬁmargaﬂ for longer
perindn should have an iﬁcrpaaed gxowthbratl; Nhitei(iSHTT
fiﬁda that in»ﬁ&ggglgg” %ﬁallét saecincne:are‘faﬁnd in desper
Cwater, but Field (1922) Coulthard (1929), Zenkevitch (1963)
| and Deird {1966) find that the largest cpeﬁimena srs found below

the aumface‘cf thawwatut et LWST,
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Lemy. {1936 }.93?} mpnrta that wave mtim effects the |

,vsiza of the animnl. e.ihee the mvement cf’ s8a wtar remus the
eugply of vfmé. / Rsntw. 1&:’:;32* spwimns &hmx}.d be fnund in -

. more exposed rag&ms. m\mz, f‘px and Coe (1943} have ﬁhmm

| th-t axpmuxa ta um actmn mﬂucna tha s&ze. tmﬁ that mssah
-exposed to heavy aen, grow more alawly thtn thﬂu ?xm ah:ltetaéi
positions, The choiee of tbair two localities 4n this cass ‘
'-uas un?or‘bunats, for %ha,y were widnly mpntatad and thnrafm

#ubjszctad tq ‘othax" aﬂvirmnm differences m&daa wave acuuﬂ.

Tha chaice a’t’ the Breskwater at fablu Bay Marbour was
; ¢ made becauss it wae krmm that tm species r;anenrnnd W&&}
‘khas a large verticsl renge in distribution, It ascura fxom
V;tha lower Balenoid zone, down to a depth of 50 ft below the
: surface of the water st LWST.  These cen therefors be no
Va::hﬁuﬁiﬁ feading tim‘ at stations ﬁthm: than the lower |
a;slayr}eid‘ z&nﬁ, for thaié stations are cmﬁplsfaly &therésd st
" all times. 1t vas also thought that at the Hreskwatir, mmt N
“ of the water agaimt the wall would x'mlt in mixing of the water = - |
f layers, so that tmperatufs, salinity and foud supply would bs
| more or less msmt ot all atstions, while wave action muld -

 bs the only va:ying factan

A will be mn (Table 10 and 11), there is a differwnce .
in the temperature betwesn the surfece water and the bottom water,
- The magnituds of this difference on my' pntiw&.aﬁ day will be

depsndant on the strength and direction of the prevailing winda, |
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| . Nm:ever, tha maximum rac:ardnd diﬂ“erm dn tmperutm batnean
. the aux:facn ma botm watax.‘ is a.a c, and the diffemnce in
the mean wcemud ﬁmpm_'m:ea for “the wrface and botton watex
 4s anly ‘i.s“t:. 1t isl‘bthe‘nf‘nm ,'ha;gd' that miuiag]af the water
- 1&332&@5&81’:#&& p&ace at the ~B§naﬁwat¢t,- and -tﬁailhen’iﬂeﬁ |
um antiun. mnd:.ti.ma are simi}.ar at sazh of the. stati@m..

The briuf rmmmga af 391$n£ty seem to annfm this i*m:ze m).

It wag nsti.eua dur:ing diving, for tﬁe wuentian of
%he mterhl, that tm-n was an ap;;miahie diﬂmnce 1n the
wave mm /owm11, at each mf the stations, and that with- |

in&reaﬁiﬂg‘ dapth, tfm szwt n? tha pwall haeame iaaafmtimahxe. '

'fhe mensurements tﬁken of the apacimn«a foar ench uf

: the staxtims hava baaﬁ plotted sz Mstngrm {f’ig 33 ). At

thu surface etation {Ffig 33), there is a 1urge pwemfaga nf‘ :
‘ guvaﬁilcs aams a staady d:msau in numbnra with incrnasing mze.
. More then 5% of the specimens are shorter then 20 mms_in length,
and 'tim mxim xet:bx:daué ;Léngt?x at this -statié‘n was sxga s,
At the 10 1t atation, ‘theve is again a deczease in runbers. in ’
‘ ,Aam:h gize graup, .wi-i:h inwaemg size., Hexe 35.5% of tﬁe
K Aempu ars »ahartar than 20 moas, and 53% of tha sampm shaxte:
then 25 mms, The ln:qut Spacj.mn recorded ot thia lav&l was
88,7 nms. A% the 20 £t level (fig 33), the maxinum tecorded
iengéh was only 69.9 s, but 59% of the pa;mlatibn wan 1m':gsr
than 30 mms, Tha latgnaf speeimn ftm the 30 Tt station oy

.-_.98;8 s :mng, shzln az.mge Sﬁ% of the pm&n‘iaﬁn was lmgm: than
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S 35 — f It a!;l.l"tej aé&n from f‘igm:a 33, the graph of the
J 40 £t atatien, that 50% of the populctiﬁn are nsxge:e thm 50 ms
Sn ungtm md thst tha 1arqwt apat:ifwn abtas.ﬂad mawreé
113..3 mms. mra S.e . sharp docmm in numbers up to the
3!3 - 35 s si.za gtaup, fauawnd by an imase in numbar:.
| 12, B% af the populati.m at thia lmmi fall .-imo tba 733 75 nns
‘.aizc grmp. ‘!’his pe-k ie !auﬂwd by a otuady denuas& in _‘: -
,  numbezs wi.th increusing size. | A
- : ?htmfm, it can be conciuded Q;Bat, éitfy inemasing
B depth, the size of ths ‘@ms aleo mé;ima{ fmt ié; with
a dtcmasa in tha :ffact of wavs sction, there :,a an 1ncﬂmu i,n
 the oize which sp«mm of &W attasm. .tm this -
. statenent holds true for Agacelianice, Mytilus californian
(fox and Cos, 1943) and Hytilus sdulis (Botxa, 19555»; would

saen {0 indicaw that in all ths !&ytuidm, an inawuae in’

| expusm to wave actim zesults .ln a dec_rmo ﬁ.n siza. .

o Exm;mt;ian of figure 33 shows thet for nrggr specinens

w a series of peeks are obteined 'onttha graph‘m. Theos ma,y be - ¢
?Kplaiﬁed a8 the results of. the gxmoth of 1mna f‘xcm ﬂuc&asaiw

A puriads of settlinc, tmt as ye’c the apming cyzla af W

4 ‘s unimsm. alsa .it can be seen thut there is a stendy decresse

in the nmm of vaxy omall specimens un - 15 mms tam ungth),

~ with imrsaas.ng dmth. Th:ls would suggest that fmay well

wave washed rocks a;f:a more auitnble for the young spscimens.
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) Ths,a of. course raiaes t”hv- quaati.an of warcmding
and ,ita effect on the ulumta siaa of tha specima. Mooze

- {1935} has ulraady pcinted oat that in -' :

rzvsmomiing :raaulta in s dccrenaed grawth rate, Fo'x. mdtue ,
{1943) hmm xeportad ihat in &W thsickex ana
bwadtm ahens ore faund in specima Mv:&ng in ctwdnd wavam
wnshed 1@:51&&9& Lamy €1936} msiders that mussela may |
become so tightly prassed agaimtt one mothsr. that t:ircumstmcas
| ams unfavaur?hu fpr their dcvelnpmnt. i‘!nuﬂgag during the
 collection of the m&taﬁal‘ in this uxpstima‘nt,. it was ﬁu;tiﬂed .

" that st all atati:ma, the spacs,mna were piacked one sgeinst
the other, dmd the rm:d of a spenia&m of total mng%h 88, 7 e
from the m 1"’1: station, seemg tn indicata thet mmmﬂding
" may not bs en xmpaxtant. This 1o further supported by ths fact
| that gvummwding is dupmﬁant upon the avas.lahh sattung spate
. between -xisting mdiviﬂunh, 60 thet lsrger &ndividusla mld
' limit the aattling apace nors than smﬁux: mm&g., R

How weve atﬁ:tiém affects the size of the enimal is N
unknown, Exposure to wave sction may have a direct effect on
the niéa, or it msy be _thﬁt in ;mitpasnd ;;ﬁaitiém,‘paxtiéularzy ’
| ) ﬁawy seat ot eartain times of the yeor, result 'in the mass .

’ mortauty of individuals which axe exposed, so thai thay can

nevar ar:isiw: their maximm size, ’



122

I em indnbtad to Mr, J. Heeg for his cl:iticism and
hai¢fu1 rteaﬂmanﬂatian: during the eatliar part af this unrk,
and ta my supsrvisar, Professor J.H. Day, for many suggestions
and advice, My th:nk§~axavdua te Qr. J.6, Fisld, of ths .4’
Uﬁiwm:ity of Cm Tam, for distribution data;w o Dr. A.E.F,
Heydorn, of the Division of Sea Fisheries, for diving naaiﬁéncﬁ;
and to 82._!@.&. Penrith, of the Sautﬁ Af?i&nﬁ Huseum, for ths |

. mmmﬂ of South West Africen and Angolen 'myﬁiids. )

_ 1 am eleo gxateful to Dz, T.H, B:atry mﬂ “the Smth
- African Musm, fnr auwsmg me the time and fmiuti.ns

vcamplets this px‘njac.t.



123
mn. | §§ER£NCE§ |

| ALEXANDRDWICZ, 4.5, 1932, The :.nnemmn of the heast of

t‘mtwm,. N

ALLEM,J;A. 1963, .. s, E’mxugy and fuﬂatiﬁl‘!al mrphnlugy af mnuuce.“ .

| nm:n, R, 1914, The faod end feoting habi‘bza of fmhweter oy

e S musaels. .

m 146

ASHEROFY, L. 1899, ~Huosel beds and mud ——

" Rep, Lance, Sea-fish. Lah. maz':a as

ATKING, D, 1936/43, On tha si&.im'y mmmniama and intsra-relamm

/ sﬁipe af 1m:15.brmhs. Ns 1 -8,

: of. ‘?9 1 181 - 368 (19363;
 7§ : 339 - 313, 3?§- 421, 423 - m {1937);
tm 1 321 - 329, 331 - 344, 345 - 436 ussa:: |
aa ' m*r - 256 {1943) |

ATKINS, R. 1965.  Marine effluents zesearch mimu, Progrese
‘ rapoxt No. 5. o
(M5, unpublished)



428

BAIRD, R.H. 1966, Factors sffecting the gmth and condition
- ufmaulﬁ. ) L
iuggtx ang&" g:m 25' f(é);s 133
BARNARD, K.H, wsa cones,butsma to the kmwledge of South

Mzicm msri,ne Mnnusea. ‘Pt. V. Luazlibnhchhta

. 4 : 361 - 593,
| BARTSCH, P, 1915. Report on the Turton eollection of South
| Mzicm mi.ne menuaku. ﬁi’éh additional
mtca on othar Smth Mx‘izzm ahnlla conteinad
in the United States Naticnal Mussum,
MM 91 : i 305
BASSINDALE, R. 1961, On- the marine fauna of Ghana,
| | Proc, ook, Soe. Lond, 137 + 481 - 510
 BOSHOFF, P.H. 5.965. Peucypoéyaf Iﬂhana‘zgzgnd. Mozembique,
- Mems Inst, Jnvest, cient, Moconh. T A s 65 - 206
BOWDEN, J., 1958,  The structure end innervation of lamsllibranch
muscle, -
‘Int. Rev, Cytol. 7 s 295 335 -
BRANDT, K. 1898 A Beitrige zur Kenntniss dex Ehemischen
Zussmmensetzung des éxmk%qns;

Wiss, Mesremunters. Abt. Kiel 314-90



125

: mwzx, J.ﬁ. 1921;';,; R ;?hu;tesaimf‘.ury ex::hmgu n?_'the missel
(Mytilus edulie L.). .
- __mg_.g,. 20 ¢ 629 - aas
miii:i, A 1914'; x’m Mkuhmr von AM‘E&W schnst.
o | Ein Bettrag zus Anatontn und Histologls der
N ?Mkeifmeum‘ ' | |
M 10 » 431 619

| EUY‘.&, K.E.L. 195‘?: ‘Fmparatuza vntiatims iﬁ tha upper 50 m%rsa
| . in the 5t Helene Bay area, September 1950 -

hugust 1954, .
’ n, 5. AfS. 2711 - 118

:mmm, E. & ﬂEWELLp G.E. EQSS. The role of tha bady fluid .in

| " pelation to mvmnt in soft: bﬂdied imwtahutu.
| I1. The extension of the siphons in Mya srenssis
(L.j mdmw {ds Costa). -
M (B) 145 » S64 = 580 .

mmum., E.P. & LEWIS, S.1. 1924, 'r?mms fnmg‘iﬁ' frashuater

m‘ﬁlﬁ.

. 39 1 439 ~ 4TL
¥ |

 cLowes, A A.d. 1950. An introduction to the hydrolagy of South

Mrigan ‘waters, '




126
€oes, 'F;Hs .191‘3'. Autonomous responses of the . lahiinl palps’
y ' “‘43234-235

i

COULTHARD, H.S, 1929, emm;h of the gea mussa!..

4 g 121 135
B - COX, LR, 1937, Notes on Jurassic Lamnllibmn;hieta.»
R - . 224339 - 349

COX, L.R. 1960, - Thnughts on the classification of the mmvs.a.
| ' Prog, males, Sue, Lond. 34 : sm-aa

CURAIE, R, & HART, T. 1960, The Denguels curcent.
“Discovery® Rep: 31 1123 = 298
DALL, W.H.. 1885. .On-the hinge of pelccypuds and its developrent.
| Mo Sob. () 34 -&asw - 462
:-Bﬁm‘snu.' Ww.R. 1928, ﬁepa:t on mussel puri.fiut.im.‘
| | 10 :1-a98

 EIAN, S. 1953,

London & Sidgwick & Johneon,

FIELD, 1:A. 1922. Bialogy snd ecomomic value of the ses mussel,

383 127 - 259



227

FOX, D.L. & COE, U.R. 1943, Biology of the Califernia sea mussel

o« Il ﬂutritian.

© FRANC, A, 1960,  Classe des Bivalves., -
B ,mtaas-aé P[g_.
1845 . 2133

Peris & Masson et Cie.

| GALTSOFF, P.5. 1968, Tho Acoricen oyster Crasesstres
| | Gealin, |

1 - 460
GILCHRIST, J.D.F. 1902,  Gboscvstions on the temperaturs and

salinﬁty nf the sen arouﬁd ths t:apa Peninnule..

s_ M-v. x :20) - ar
ERAHAM, A, 1949,  The mplluscan stomach, .
|  Xzene, B, Spe, Edinb, 61:737-778
'HAMAT, I. (1934,  On the local veristions in the shells cf

ix uith spacial zaferema to |

. grmeth of the nrgamsm. :

91131 - 158



. i28

©OMAMAL, 1. 1935 a.  UOn the gxuwth of the ahall of m
| ggrgg:gx especially with regard te pa:iuéiei‘ky
of growth relatively to the aanmsi variation

&n eﬂvimmmt.

Sek v. O3 339 371

_ HAMAL, 1. 1935 b, A study of one case in which diffarent
environmentel cunditions ﬁmdgcé different
types of Merbtrix pesptrix. |
mwms_ 10 ¢ 4as-m |

HENDERSUN, J.T. 1929, Lethal tampsratures of Lmnibrmehinta.

' | gggg_dhjggzujigga N.S. 4:397-4810

| HEYDORN, A.EF. 1966,

Ph.D. Theeis & unive:os.ty M“ Cape ?m iunpubzumi

KYW&, ae Fe & Nﬁﬂﬁﬁﬁ, aoﬁo 196‘ - 19565

HOWLE, G, 1957,

Lendon ¢ -meﬁﬁg‘e Univ. Press -



| MDVLE, G, 1964,  fuscie m?aaummiazmaiamy;
. ;;g,mt.m, KMo & YONGE, C.M. m
s8al gz 14 a3 - 351

“New ?:’):rk S Atmdemm Pross
| HUTCHINGS, L.W. 1947, ‘!‘hé"baﬁé‘s‘%x'm;ammm zbnatisn in
w::gtapbicai dietrihuﬂm
M&» 1‘? 1325 - 335
ISARC, W.E. 1937 &, aauth gm;ean constal waters. fn zalation to
. Goesn currents. B
Beogr), Reve 27 ¢ 651 - 664

1SARC, W.E. 1937 b, Studies on the South Africen eea weed

vsqétatiaﬁ 1 &aat cmt from &mbezw Bay .

ta%aCapnafﬁmdma
Ieana, R. Soe, S, Afz. ggﬁ‘;-ﬂﬁ'u 151

. JRGENSEN, C.B. '1949. | *-‘m& ‘xaén' of feading by @;;&ﬁ in
| diﬂ‘srent kinds of uspenaton.
2 s 333 344

JURGENSEN, C.B, 1952,  On the relation batwsan water transport
| | and food Tequizements in some merine filter

*'fheﬂing iﬁvmtahmtm. -

356 - 363



130

JPRGENGEN, .8 1955; . Quantitative aafm:tﬁ of mm fseding
in invertebrotes.
wg 30+ 301 - 454

g JUKEW(}WE, ..i\ J. 39@5. A rov.i.ew ef the ganan ‘of the fm&l.y

Mymiﬁae.

.6 ;m -228 .

KAWWISHER, J,¥. 1958, rmmg an mum anmm, o

’
4

56 63

KELLOGS, J.L.. o8, Ciliary mmsm of lmﬂﬁstmehu with
‘ . dascriptima af’ mﬁmy. |
~d Horph, 261 625 - T2

| KRAUSS, F. 1848,

-“S,tuttgiﬁf + Ebner & Seubert

'L;km“’; E, 1936/37. Révisiﬁn km ﬂ&tﬂid&a vivants du Husm
| | National d'Histodrse nmralla de Peris.
da Conchy, Poris 60+ 66 = 102, 107 - 212, |
‘329--* 295 (1936}; 8L 15 -1, Qé - 132,
169 - 197 (1937) o |



131

LINKE, 0. 1954. = Dfe Bedentung der. m.esmuaehumn fir die
| Lmdqauinniﬁg Sm Wattenmr.

84 (a) ¢ 253 - 294-

LIsT, T, 102, me Myhlidan des soma van fieapslo
T y u. ;g;a meng; 2 ;_1 ~m2
. LUDSANDFF , V-.L. 1942 Shall mavmnts of tha adibie muuel.
| | m__m {L.) in relation to tempatatura.
m 23 231 - 234

LoTSY, JuP. 1893, The food snpply of 'ehe aaun oyaw, soft clen

m ms&}n .

ix, 1zszga-.ws

| BARS, R.ALG. 1942, on" the formation of benks by W Lo
' . 6263326

" WACGINITIE, G.E. 1941, OUn the method of fosding of four pelecypods.

| MACNAE, W. & KALK, M. 1958, )
| . Jahmncsburg‘ t Witwatersrand Univ. Pnss

O HMALLORY, J.K. 1961.. Hathymetric and hydmgmphic aepects of. mina
studies off the Natel coust. |
tsxn smusmu t farine studiaa aﬂ" the Natal |

| ‘,’ng‘?t!



132

_MANSCUR, K. 1946 . The digestive processes of lsmellibrenchs.

| M 15?':482 o

| MAHSOUR, K. 1946 b, Fond and digattiva m:gms of lmsuibrancha.
| 150 4 are |

| FANSOUR-BEK, J.d. 2946, Extrncenumar pmteo}.ytic and Hpolytic
3nzymeu of some 1nmu11£hranchﬂ."

w 1156 » 375 - 379

“nanannﬁﬁ.,J.R‘ 1932. Hydrngraphic 1nvuatigatinns during 1939.

‘.11f-—3a
© PENACHE, H, 1951‘4>‘He=ouva:tn d’un phénomdne de remontee d‘uau

'px-ofandas oy sud Canal ™ nueambiqua

a 167 - 173
MODRE, H.B, 1935. The biclogy of W Pt IV

Relation to snvironmental fectors. o

' 20 1219 - 307

MORGANS, J.F.C. 1958,  Thm benthic ecology of f“ﬁ]‘._euﬂay. Pt, I,
The biology of infratidal rocks, observed by

‘diving, Teletsd to that of intertidal rocks,

ne, R, Soc, S, Afr. 35 1 387 ~ 441

CHORTON, J.E. 1960, Mollyses. Teedibook B4
‘ . New York Harper & Bros,



133

KOTHANI, M.P,. 1985. Experinental and scological studies on the
' -adaptation of M L.t aaiinity

ﬂactvatinnw. »

, (a) 2 s 227 - 246

NELEG!’@, 3‘.{;. 15923, The mchaniam of f‘eud:mg in tha oyetar. )
- -.%.WM‘ 21‘165"3-56

NICOL, J.A.C. 1960,

Lendon r' Pitman & Sons, Ltd.

| ORREN, M.J. 1963, Hydrologicsl cbservations in the ssuth esnt

Indian Ocean.

., 45 11 =61

wmﬂ, J.H, 1 awm. P.R. 1926, Hodification by hebitat in the

Partugum oyster (Wlm}.w

é, moL, bm, ﬁ N Qgs 1.4 : 22? 230
| OWEW, 6. 1956, ,‘ | sbsaxmuane on the stomach and digeatiw

diverticule in Lmni&rmehia. o
&W 96 1 517 - 537

. PELSENEER, P, 1893, znexednctsm a wzuao des m:.usque-. ‘

’

igue zesa E 3 - 243

PELSENEER, P, 2011, Lat 1m11mwam de 2.'zxpaditiaﬂ du
V o Sibag,&. (1). Partie anatmi.cmn
Edboga Bxp. menogr, ﬁgﬂ 11.125



C138

PURDIE, A, 1887. The anatony of the common mﬁsaaia;

Célon, Mus, & Geol. Surv Dap. (F:eu Zaaland}

No.3'31-45‘

RANGDN, 6. 1926, Le filt::ation di 1'eau pa: les. lamanihranahea

&t seg cnnsaqum

: _SKBATKER, A. von  3BTT. ‘Anatmie"ida ia -méi:le é,emune. |
Aon, ch,‘gﬁ" . (6) 53 1 - 132
: SAVAEE',-!?.E; 1928, The fcad of the oyster, _

| SCHLIEPER, C. . 1963. 'fhu f‘ilta: fesding meehaniam of bivalves,

& constsntx.y working engz.ne or e ccmtmllad

behevicural sctivity? - ‘

16 : 4. '

:rﬂnausou

' %%E‘é&&%&‘e‘, Tohe 939. Tha constitution of ﬁ%u intnrtidal faunn :

and flora of South Africa, Pt i,
LGRJ

[ 40 3 487 - 536

- STEPwENtON

5, TuA. 1943. The ceussa of the ‘verti‘e:él and horszantal
6istribution of &gmim between tide marks

" 4n South Africa,

. 158 ¢ 215 - 232



STEPHEN 3w

| SHEVERSEN, T.A.

ATEPHE MO

Mg i 'A )

STGPH Etiaon

L STUBRINGS,

. (,3

SOGT-RYEN,

. SOUT-RYEN, T.

 SDOT-RYEN,

H.G. -

T.

';357

19&4'“- The matitution a‘? the intertiéal fma

’ md ﬂura tﬂ’ Scuth ﬁftm. Pi: II. ’

- Ann. Nate) By . m : 263, 387

1948, The mns‘citutianr of the intértida}, fauna

and flaru af’ Swth Mrica. Pt 1.

, W,.m n 3 sn? :mg

;

svenensos

* T.a., STEVENGEN, M & EJ ToIT, C.Iﬁ. 3‘936.

T!w Sm:th Africm ﬁwtﬁa& zone and its

raletinn tﬁ ocesn cutmta. I. , A tm::exrata

Ind&m Q::aan ehara.

5925& g. ,m,_,&;,&f 2o 2& 2 3&1 - 382

1954, Tha hiﬁlagy of‘ tha mm musau in

' relation $o fouling prohlm. ~

1952 .

..W 14222

;Wg, a new glmut in the ﬁyti&idau
o Nl | A 8 (3) :

121 -122

1955,

1958.

A repurt an the fmﬂy ﬁytﬂidn- (F‘aleﬁypadﬂ.
. 20 4 :. -1 |

A new gsnua n’? ﬁyﬁlidae fmm swth africa.
w 14 s 3“1 - 344



' GOWERDY, G.B: 1892,

| SPLITYSTHSSER, P. 1912, Mozphologie der Nesvansyctems von
Zowise. Zood. 104 : 308 - 470
SWARY, D.B, 1926, Note én the South Afzizen mérine muscel
B ' idionalis Kraues (1848).

13 1 Az‘frs - 200

" TAKRHASHI, K. 1960. Nervous cmtrbl of contraction and relaxstion

in the amsrim: ay:sax r:ot:u:tor mﬁela of

| THIELE, J. 1934,

z.;m_m t 702 - sma

Jimu s Fi-m:he:
TRUEMAN, €.A. 1953. | Qhewmtm ‘o certain mechanical preperties
| h of the ligmnt of m



137

YRUEMAN, E.R. ’1954. ' The mechenien of the opening of velves of .
a burtaudng lmnibranch ﬁgg arenaria. -
Mw& 329 - NE

TRUEMN, E.R, .19264 Adaptive mrphoingy in paleuacnlagiml

' 'intarpmtem _ I
: m MBRIE, 4. & NEWELL, N, ads. Asmm..m
' palenmeology ¢ 45 - T4

New York : John ¥iley & Sons.

VAN RIGUVENHOVEN, L.M. 1947,

 Utzecht 1 Dekker & van do Vegt NV,

© WALFORD, LA,  1946." A new graphic method of describing the

growth of animals,

| WHITE, KM, 1937, Mytidue. o |
| ' 31 51 - 117

WILLIAMSON, H.C. 1907. Tha npmming. qrawth and mvmnt of the
| " musesl (mm_m L I. hores muspel
mussel (&WJ&J L. ) and thn apuut

fish (Splen silieue).

‘6 3 247 » 256
M ’ Lo . L



128

" WILSON, B.R. 1966, Problems in the texonony of the Mytilidew.
| o Proe, 11 g g@y, Sei. ng 5 s 5
azwf&ﬂ. F.R, 19‘37; . The changua .in viscosity af &n unatraaw
o muscle (Hytiluo sdulis) duri.ng and after
. atimlctien m.th altmaﬁing, iﬁtwmpiad

nnd uﬁintercupted dir&ct curmnts. |

g, samszusn

| YONGE, C.h, 1923,  Studies on the conperative phyeimgy of
B VA digestion. 1. The mechunism of' fneding,

. digastioﬂ md assimilation in the Im,lub:amh
. Mya. o
N &a@iaﬂé Bigl. 1 ¢ 15 - 63
::?emz*,r;..w.* 1926, '-rhé aige.feivé diverticuls in the lamellibranchs.
| It B, Seo. Edioh. 54 :703-T8
'ﬁ ©YONGE, C.M. ' 1986, Digesticn of enimela by lemel1dbranchs.
| o Natu 1'7:;,‘ Lon d. '15?';‘?2*? _
- OYONGE, £, 1953, Tha mnuyarim candiﬁnn in ths tmnibrmﬁia
| N :{sms, ;@, Edinb. 62:“3-:3?8}
YONGE, C.M. 1955, '_Adaptntiun to rock boring n m and

0 W {Lame12dbranchis, Mytilides) with

' & discussion on the evolution of this habiz. ,

" Sl microse, Sed. 96 + 363 ~ 410



139

| YONGE, €., 1958, Observetiona on Petr ides (Conred).

. 333 2530

[ Y]

Proc. m

CYONGE, C.M. 1962, On the prinitive eignificance of the byssus

in the Bivelvis end its effects on emiﬁtinﬂ.

Ko 821313125

1.5,5.8

“London '+ " GeoZge Allen & Unwin Led,

‘Londan 'Y Pﬁ%uen & Co. .





