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Studies on the mechanism of the opening and closing
movement of bivalves. 2. On the iso-elongative

line of fibres of adductor muscles

Masato Miyake
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(1) PERRRAVEARO 2 REREES, RIS P & St oAriE R OB ¥ h2ic
Rl X5 ET2EE2HE.

(2) BAPAZCEEIFH2MROF bE2 ChmE s bEBO A2, MEXFE2O
BHOKR, fEHAE R T E2H.

WDemTH ULCERT 2 &, ZHAOHMBHGREWRER S LERAHSLEDO2H
PHBREINTHZONERTH 3, TOERBREMELRMEICHRINLTWBOH
Hoivs. MEEFBGL LR D BEG FEELbEROTWBH21E Bronn? LikEH
Sz & TH Y Uexkilll® B35 DEMIC LTI L € 31 3& ¥ Sperrmuskel (Catch
muscle) %E% Bewegungsmuskel (Motor muscle) & 4T %O OCh 3.

FOEBAIBEEIC BTt 3 & Catch muscle ¥45) b %L Motor muscle OH & L
FOERE RS &, EEESCH%Y 52 Ty aHRPE L TWa B8 20fEs 5 ks
LEBIEEL. —F Motor muscle ¥% % Catch muscle ©OH & LEZOEHIYR2 L
B rOBETH B2 2 TW5. B Motor muscle X ERIMEER (60T EORRH
HEZF W) ¥, Catch muscle ZF#IEOHEEfI5> b OTH 3.

RICZEHBERIO FFBREIC s Tl 2 &, B0 L h2s@Rrina
%0 Coutance® ‘T Anthony®, %®d%# Marceau” 53 LT\ 3. Coutance
BERR M E 3 bY) D BET & nacré (BIFHH) & vitreuse GBEEUHEE) X0 b X {Hi

*2 5o ATRRIREEIBMEICE L 2.3 L5 0 By (Griitznerd), HlbWEioBIL0RoKE
2 T208a6KTC BEECHYTIOREHRLEI LN .
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tehS, HOBHESRICRT 2ROME LBRAH D nacré BTKRRERBEHIKTHEH L
OEEENEWITICMIE L, 3L vitreuse RREDVINCTHBOREWHIcRHiZhsc e %
i~ Anthony |X nacré ¥ CiROBEEIC, vitreuse X% iCHH ICHEE LB OME
OB TOHEMETEEOCLN XY bEI B LS CEEINTED,* HEOTHE O R
FRRHEBGOBA~OBATEOHMIC X OTEEEINZ bOTH 2 LRE L. BIBIAZK
TSI ORISR OWmR ORI Fig.1 © bl omd AE LAY (CTHHAD £ <
FE5ThH2). BESOTHORTIBREIMBE L %% (Anomia ephippium, Placuna
sella, etc). 2% b IkOBRIT mWEL s LD
Bl HRE T2 X 5REFY & RRLT 2
BWThBT ETRRT NS, PIBER X HN
TR 2D L34 OZHRAKZLFL
LUTREDBEVWOTHOT, HICHEEEPR
HETRE5>Thwe & ¥ Marceau” BRI Fig. 1.

L. BiS Mactra glauca T3¥hE2<{ Anthony OFE 50 Th 598 Cardium
norvegicum ORFHABUPHBH TR —FK T 2 o8P cir—Fe+ Fig. 2, alcoRjT x5
i, FMEASGICR TRIBBHERO R BOIERS O i RO/ hOBEMEX D L E
w. Tapes decussatus ‘G Fig. 2,b C3T X 5 TR, BEARGIICTIBHROoR %
OHSEAMERT
BRed 245 T
Anthony ORIt
b K\, Dosinia
exoleta Tkt
RE—EEETD 3.
Mytilus edulis ¢
ZFig.2,cn x5
el [T FE OB ER
C# % 7SAnthony
DESBITHBE
Thix e'f oml i
b bhawn.
Ostrea edulis "Gz
Anthony O i€ k
X Fig. 2, d o

BB ae L&
Fig. 2. biX A b n.
a : Cardium norvegicum Spengler B B0 X 5%
b : Tapes decussatus Linné Anthony HOFE
¢ : Mytilus edulis Linné e
d : Ostrea edulis Linné X L Marceau (&

Rk oBTB Lo &HEHIIE LR 2Tz LiIcE 3.
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KD X BT, “NOBRE" ¥ ERICANTZEMERB L X5 & Lie. HIDAMEBTRRIE R
2 GHHEOE 2230 THED X 5 BB T O THEOE ¥ Ed 2 L Rk, sk
) b BRI EEOSEAAIC 2 X 5 LRI S HE OB DE 2 X 5 B
DEZCELC I D HOREFRKELLDZLOTHS. Fig. 3 © X 5 P BHEo10heas
YRICT 2BICEH S BEEOEREr 84 ,
FRER W (BI% nn'>vv', NN'>VV) % nv_ V' N
ORI ~HED C LiCk D, LOWMSTIE ":“\ |
SAEOBE PR K D, O CREED — f VNN
A
D,

BHNAVDOLIRECEZT BB ERBL P
FDTH .

PLEOBRCR TEE R U—HOHREICHE T \\\,M////
RHEINZVHMREBH]) Ob 5T &3k
i, b 2EORCR TR L0
BB AT HEO IR Y SR U T v 3 sdE Y 2w, Hik2@ELREr s 2
b O TR A IEREEASSER 7O Tw3 b OTh 5. K0T EORIEEEOSEER)
YIRFACUDTRHREREERFBIAVT LR S.

YRR B GRS E BR R DO MM OMRIEE L B 2 OBRBICRTY, NEMICFH
OBENEB3ENFIE EDRIEBDBENEE2Z ZONEHEBbOILD. WL T2 50T
B IC AT IR & BRI & OBRASE S B3 2 TH 3.

D% D AERAWRICERL X 5 & LAFICEERHORDTH 293, FEIILARMNICE
2 IGBMEOMRER T EAT 2 i X b, BMEL L3RR PASIH O IR & B &
OBR LD 24T E Uik rEoz & $RELZDTH 2, £ 0ER
(€ kb FiginERi BREABCE BN O B A FREAREHEO M X b b RE Wiy Eo X 5
BAA T SO CTHRE L DR CHFNOR IIIREC D 2 2 2R E LD TH 3.

(EEBOFEICORD X 5 KKIC HOBIERSFA LB IO X v &2 2 & ¥ EAlmc
W B b, B URICIE EOMR LD 2 WO MB IR R ~ Rz b B E o
B 2 ESHESIL T w2 2 2B B, cDX35FE, 2 T2 Marceau
DX5EFHLVRBRARBINZ LKD)

G RO —OOMEFEN T 0 & LCHAT 2 & 71X Fig 4, a tRTRO X 5%
BIRDSEOL T 5.

AO RO A0 O & LTBREAT 2 2 KO,

AO Bt A'O 28 a0 R Ur 20 v s Thix

ab cd
AR S OD e (1)

Fig. 3.

BRI X 9 2 BOBHSIMA X 5 cBPAL X 5 & bR OMicH: e 2 filgo AB
U CD OO ER EOBRIC X V& L. REOTIOBRLHE T 2MOM i
LU CHEM Y R HRRR CEEDLOTIWETH 2 GECE 2 R UBREOCHAIRHE

o T o BHR Lo SHIEHEL R UBRAsEE 2 %o,



168 OB OB B BRLRE £2%

UL Y T 2 BICHST 20O TH B E B T2 5). HOBERSEEOLM B
BT 3HORAL BT L OTH S.

4 (1) OMBI R TEEOHIIC X W HED DN AEE Y EHTLEROIML BT WE 3.
B S R ER OBME R &5 & OO FEEEDSED WAL E R B O RIS I &0 TEASE
BT 2 B2 2 NASHEMEO 2 1) 2K 2 B3 X 3 LB DTRE—F IR &P
YRAOCHERL XS ET2MEMNSEOTH OMERELY X, PULOBEBI LT
b = ORI THRBUCHEE S W O ICiEi T 2 © & 23k B — R O ik
L E OMDIEEASE T E B BIRONE I 0T OB B HEHEOZ T 2] HiiE
BEBBH I IRPILLCHEL LS CEDTRES. NI 2 EHoMb i X OoTHE
K& AL, ML Y5 T2 20RKRCELTE D, BOBMR L 2B A
MEOHT 2 IR BEE DB IC R 2P DN B X3 AEE L L 1, OB L LTEOER
BEBEEIN T LOTH B EFPE DM L.
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X, ZEOATREELZREMIZOBREDNIMTHZ T ENELDBNS.

4 Fig. 4, b TRTO B AEBEIOMNL S »SE 2P RO —HE T3, A, P gtk
BESgo s, XY REHETOMBESRH, X, Y, ko 2R A X, Y, cF: Tk
¥Bl2 OP rozsiy A L2k X\Y, @yt X, Y, L0%Ey A/ &F
3, RAXY X, Y, cTREYILT A, 2152

RAFTFELIRONC X b

HOR2Ok 2 = Jl =T =08

RICERBBOBE IO p/a ¥k OP R EROKILT 2 X 5% A’ Hikod AA'
CRITCORLBARE 510 AR 2 EFHE 15 5.

B. BB MG B s

Fig. 4, c tRTRIE A RICRT B EECMH ¢ BestiRFs L T5. R
HREED DB AR 20 Bl L RS OMMOMERI[AIchshexE> &,

BRSO A RIC D 2 50RO §, XY BE&EEh. o BICRT 2 )

MMEERE XY #he pinigss XZ mendmE, o' ob+0 (OFBRRK L Zefulie

D3, meHEMEORICH T B E X ) RO, n AR VBB e

O, - 20 B B AOHBMEOR 204 K2R MERHOW L LTkod

BB,

V=m sint’ {AL m=n secd

Lo ——=tand X Kb HiLD.

HEOTHHMEOMETY /1 ¥ROZCFIRCn FUEL EEOAE Y 52X Lo
U BSHE I 20LRELCH T2 bk b 3.

1 BpS e DB 2 OllE#: & LCid Marceau” 2R ic 7 # b=~ L OFKERE ¥
Z Bl URICER TR E R UBERYE L O O ORI ra v A A TtllR L T
%9, ZRARERETHIOTEERRO IS5 LTHRELL. BbEEROHEHTHBH
¥ &) EDMNHOFRDIRICED TP EEEL, ZohBERGOECH Uiz sE
DOIE#EY 3 7 e Ay~ THIET 2. HUROKIZMNOR 2PE R LAV ¥ E
T2bOTH 3.

LMERFE T m OREGRD X 5 15707 Bib Fig. 4, d cils X 5 cifFdhc iz e
PETRBRCHREG T 4 5L EOMO% 2 DRDOPRFEOTHRICRYBIZED 2L DT,
LM @gkxCJ R J,G OREATH 2. ELZEDEOL Y FRBFERZFELE .
L n Qe E UTRR~SEARSD O, B CHRIHRO LS r BT hiX it
O kel 2 2(Fig. 5 B9 ¥ 28).

ZEOMWBEZTHY, N~ VEEABROBHRTHZHARENSE—-Th2C L ki
HENMD—FORCHETHTZEBRWOTH 58S, 350 X5 IEEHRTH 2 b OICIZER
BRI O CHEEZEPRG O B I 8 a0 X 5 B R Ay TR UEB o &
D, SEOPEXHOBENCE & W ARPARBHO—~H O A, B O RECMORH O A’
B EEMONEEY X+ ) R ATHIELTRDR. RiCH LR LB ICRT
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ABRO C L #ITWBRE L B OB EORE E TRk /e,

LB LR TIZ2DKE 5o LERMOWEMTH 2 SICREIOMESHEI L n
OEBZE Y EOTHBEE LB OTERLDOT HUBERAW) BRI WA PR

2ThHD.
C. %2 B & B

i) 428 F%x Ostrea denselamellosa Lischke (19494 3 AL

1.518 1.483

Fig. 6.
1 25X PRGIcHT SEMERS AR, SHITR
R & BB TR & o EFHSL WY Marceau & o #ic
X 3%,

Fig. 5, a it/ L7 RO
BT A,Bo Usks
OGREME P MR R ¥ Fig.
6 wRT. Bib REEO B
X0 2% OHK LS MER
B L e B O e i
ErstEL, Z2EoMEDRN
HLUWEERORERA XS
BRI AR ER LTI
LEMBEROES 1 ADRRE
IR RES & BERUTHER & OFR
BT KK —BT 5 2555 5.
Rk¥ie Anthony®, Mar-
ceau” DM X B8 AR
(A BICIAT 25O 2
LELEIFRORYERK

BTH2) FRLEeDTH 2, NICRTI EROBRREZHEL CBLTWwaz &

BB BN B,
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Fig. 7.
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i) BH K4 Dosinia japonica (Reeve)* (1949 4¢ 3 BB 47

#EX Fig. 5, b R Fig. 7 /TR b 1 3&MEROHE S 0L —F T
Bz EPEDLNDG. L Marceau ZEOT (BHD B—BLAEWCT EERL TV 5.

nl \
gy €

Fig. 5. ( x1)
a : Ostrea denselamellosa (Lischke)
b : Dosinia japonica (Reeve) -
c : Anadara subcrenata (Lischke)
BB ivT 2o S IR, b, LIXTRENE & B
W oAR. A, B oEAIIME0NE L.

W8 Fig. 5, ¢ RO Fig. SiIcmTH#d T 3B L2 L ABOZ ENEL2 3. W
WY CRABBHICR T 2B b1 SR E LIWOTRRAL TN,

iv) ~=2"Y Meretrix meretrix (Linné) (1949 &£ 1 AAEB¥ERD)

#HR1: Fig. 9, a U Fig. 10 &R 7.

*PTF oRBFICIIER 3 M- rBeosie R,
tUTFToORCLE SR 2BRSHoifioRs tH LRI e¥o b BR e <H 3.
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Fig. 9. ( x1)
a : Meretrix meretrix (Linné)
b : Paphia philippinarum (Adams et Reeve)
c : Volsella melcalfei (Hanley)

iii) W xEY Anadara subcrenata (Lischke) (1949 423 HEBER)

1.09
p

1.24 ’ 1.05

1.22

.15%

1.10

Fig. 8.
B O BRI 5 S B AT,
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v) T3 Y Paphia philippinarum (Adams et Reeve) (1949 4E3 HABEE)
¥R Fig. 9, b R Fig. 11 R

1.198

Fig. 10,
e Y BRI NG B SRR S A D

vi) =2r i A Vollsella metcalfei (Hanley) (1949 48 3 HA5HAYE )
¥R Fig. 9, ¢ R Fig. 12 iR

122

1.22

Fig. 11,
T3 Y BEERA CA D SRS .

D. #

LA O£ EBRMIC R T IHbSE 2 MBS U I SPABH O H# R IC G 2 il g ¥
WL 7R RO T EDSIE bdsEBD%k. B8 U AIE ¥ 3OS bk A RSP ERS A
R Uiz LIRS Y ER T 2584 RMIcR L X 3 B—EORFBREL
b, BIEHEREBPASIC S ) BB X D S RO R A s X S B RIcE Y DT
oGO T 2SR BRZ L5 CEOTEY, FIHORNCEEREMERL
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1.165 1.143 1178 1.243

1.154 1480 1.214

Fig. 12.
248 7 XEARBICRY 2 SMERS AR,

£S5 ETBHHEDLEOTIO X 5 ARE RS LOBRICH LT b 20BN sSHic
ANHBONCHHT 2OCHER L BDOTW5, IR0 M 2 & O BRIc
B D MRREED /N 2 W RICATE ¥ B DO D BRRIC X O TRDIA 2 LAY 20 C#E X
(HEZNTWROTHS. Lasd AR L 2B A IO 3 12T %
REFDNBIOHEMBERY LD, REOHRLLTCEOBRBSER EINTWEZLOTH
5z Eix, BARGOWEREIENY Catch muscle & Motor muscle & OB IO
SAPEMRONOE? 1 AORE~B T2 2 bHLTREINZHTD 2.
MEAEBRMCHT Anthony ROFARIC DR ¥ T2 Marceau EOMHMR
T XDOTRD IR Y R 2 AR THR Ureds, EBROBRERS bOWENT M3 L Bk
WRAED & T U BRI |IB W ORAEI iR ) LR OTR L RYB R T EDEED
1Y (R

IL 4 B

1. AEUSRE YO ROFAOREORDH FE LK.

2. HEEOME BB L e BONIBHGE VRO ME £ ROGMED S ¥ B 7 &l
FERRSATR & O AR IC B TS L 2.

3. MOSMERMMRIC X ) PABHIOF BT & BBUHEIO /120 E D8 28 & Bl 7Y
i, UHLYHECERT3CEBSRMEINS X5 C&ELWE OB I IR
SEFIENT BT EERLMNCHE LAT, ERONFNHRPI I LFEE SO H
SIHIF & R T 5 T LhsiskTe.
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Résume

This report describes the results of the experiments made for research A
mentioned in Report 1. Considering the static ways of explanation adopted by
Anthony and Marceau unsatisfactory, the author gave these matters dynamic
methods of research, by which the opening and closing movement of the
adductor muscles would be explained consistently and adequately.

The author measured the elongation of the fibres of adductor muscles when
the shell was opened to a certain angle, and drew up the diagram of isoelon-
gative line, and found that the fibres of adductor muscles were oriented in a
regular system. As the smooth muscle was placed nearer the edge of the shell,
the elongation of its fibres was larger than that of the striated muscle. Thus
the smdoth muscle, with its function of strongly closing the shells, was
enabled to oppose effectively the opening power of the ligament by its high
stusceptibility to the opening tension of the shell, The fibres of the striated
muscle, being placed nearer the center of the shell, had smaller elongation
and could quickly close the shell by contracting itself comparatively little.

Moreover, from the fact that the border line between the two components
of the adductor muscle corresponded to one of the isoelongative lines, it could
be clearly recognized that, when opening and closing, the fibres of these
component muscles strictly conformed to their function, and, as a result, the
border line was properly drawn between them.

The author also pointed out both the incorrectness of the border line drawn
up by Anthony and Marceau who approved in principle Anthony’s theory, and
the fundamental lack of validity in their attitude towards, and treatment of
the subject, which was restricted to the condition of the shell only when it
was closed.



