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Anatomical Structure of Ctenidium in the Japanese Short-neck Clam
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Ruditapes philippinarum
Ken-ichi Yamamoto, Takeshi Handa® and Akira Araki

Abstract : The structure of the ctenidium in the Japanese short-neck clam Ruditapes philippinarum was
examined. The inner ctenidium is larger than the outer ctenidium. Only the inner ctenidium has reached
the lateral oral groove into the labial palp. The ascending lamella of outer ctenidium (the outer lamella
of outer ctenidium) has formed the supra-axial extension of ascending lamella of outer demibranch near
the dorsal edge by greatly expanding the base. Both outer and inner ctenidia each have the food groove.
The observation of the cross section of the ctenidium revealed that the ordinary and the principle
filaments have joined in a semicircular shape by the interfilamentar junction, or the intra-plical bond and
that the ordinary filaments near apex have formed a circular dead space (the inter-filament space). The
intra-plical bond has been bonded with the inter-filament connecting membrane (expect for the inter-
filament space). The type of the principle filament was the frontal ridge of principle filament. The
position where the inner lamina of outer ctenidium and the outer lamina of inner ctenidium joined has
formed the based ciliated tract of inner and outer laminae of ctenidia, whereas in the bases of the outer
lamella of outer ctenidium and the inner lamina of inner ctenidium, no based ciliated tract has been
formed. In the labial palp, the direction of the filaments of the inner ctenidium is parallel to the lateral
oral groove.

Key words : Japanese short-neck clam; Filament; Ctenidium; Inner-filament connecting membrane; Intra-
plical bond; Principle filament; Supra-axial extension
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AFTVHABDT IR HA w7 HA Tk, NEEDHE
WA L CEANC RS, BMICAKEZBELTY
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AR TIE, TrIx 74T T4 LALTVAST L
HAEHDINVAYLVHAF DT Y ) Ruditapes
Dbhilippinarum DEEEE # B ZN B L OCHBRENICHS
P L7ze B, BEOSERRSY o 7.
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FERICIE, REREMSEOA B TR L -7 R356+43
mm (FHiE+EERE DTRAKICET) OABEOT7
USSEG L, BEI2ELI mma/NE O T4 10 KR B
Vi7ze TH U, 04 MOIEAL~ 7 % ¥ AREED 12
2~ABF IR L CHARES % MR & ¢, Davidsoni®™ TH
£ L7z KEIOMIEILEICERBME TOBRMEROBIERIC
vz, MNIOEEZEEICE- T8 710 Y8 (10
pum) BERLTT7H v REl, EWBAHE TOMBED
BRICRVWE?, B, TR, 2FVEIESE
TR E. BHEEEBHERLHIIROTT B I LD TR
ZEML, BEETANL L TEE SR EE KM TR
E L7
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KEZ, TEIETAY =7 HA4® EABIC, HE
£ (MT) OofmbpEEL T, TlcdkE (ES), HEMA
WAKE (IS) 2 FTESSE-BEERL VS
(Figs. 1B, C; 2A-E; 3A-D)o AKED ALY, AKE
fF (TIS) 2o 5N 5 (Figs. 2A-D; 3D; 4B, C)o =D
AIKERFIINEREICRA S 2 BB T OKE S OFER

PEBEBEToTVD ESRTWAED, HABIZH, HKE
i F (TES) »aEsRsn s (Figs. 2B, D; 3C, D; 4H)s A
KEOEEIIAKSE IV) #4LTHEE MO HO
L, HKEDEFZHAKF EV) 24 L TH L
(SBC) RO LT3 (Figs. 2B, C; 3A-D; 5A-D; 6B, D,
E Ho AKEDETICEST 2MNEE MC) LHBKED
EIBIZET A B (SBC) X, 8oEms 5 AKEDE
HEEAREOEMOBIZED - A EREE (FSM) T
s nTws (Figs. 2B, C; 3A, B; 5C, D)o

i

ANEA

8 (CT) &, K% (S, ES) OEHB LUBBRS
(PAM) ORMNE A SRS (AAM) ORBIEICAE
T2E#F (LP) TIERMLTYwS (Figs. 1C; 24, B; 7A;
8A). ROBIEA» SRS L, 48 (LOC, ROC) (I #4MR%

FHOHEm»HMefFoPRMAEE TIZERL TS
(Figs. 1A, C, D; 2A; 7A, D; 8A, B; 10B), M #8 (LIC,
RIC) AR EbII-Ha»S5ER (LP) OBMETIIR
ATw3 (Figs. 1C, D; 2A; 7A, B; 8A, B10B). L TOE
FEHE, AEOLERBEITEROKSSHROMMOE
(LOG) IZEEL TV LB TIEREENS (Figs. 10B;
29F; 30C; 31A, D, E; 32A), MEZHHIT 2 &, PIEEITAMER
EDBFELLKREVT LB (Fig 7D)o
Atkins™ 1348 B L CEREFE OB L RO
KESPIZIBALT, SMEENEOWMESE) [wi] 25
LTWaA, EREECIIAEIYMEL Y b REL, SR
ONFEOQZEN IR ZE FERSERS b HEATHIA
THEREL TS, RBEDOLTHFATIRLTTF
A a4, BREBEOT TAAHFABOR, 7ax s
4, 7aFav 1)V r s 4SEBIUIFEOLE Y
F, O RYTFHA, AFRFFwHETIE, SHLE IR
RESPIZE LT, WOMEED [wiB] 2RLTw
BT F e, THYEELEABECET AT SCER
FETHATHERRBEZ, AEEHNEORSZSHMITIIFEL
T, WOWEES [wh] 2RLTWa"P, $7-, g
OFETIE, SEFIECR L EMACETT AN ESERED
LU NEAEF THRBICES L TWwa™,

Lal, 7H)0fld, WtoBETREOIHIICELS
TVwb, BOWHEHGEE [wil] 23R &, S
(OLO) o#Mm (PAM) BT/ 2 L ik
3 (SAE) 2BEL T, ZOMISPRELIMELL-ES
RLTWwA (Figs. 1C, D; 2B; 4D-G; 5D; 6H; 7A-E; 8A-E;
9A-C; 10A, B; 11A, B-E; 12BC; 13A; 14A-D; 15A, B; 20A,
BDZM%}%Moiwiﬁ&ﬂﬂ%%(MD)d%%

EAIIZ D HHMENZEREER (BOOC) B L UHR & AT
LT 2 MBEAZEEEE (DOOC) 6 % AAMENELE
& (FOC) THEEIZEE L Twb (Fig 7C). WEAMZE

(OLD) 1HIFEE OSSO/ EEMBER AL & MRS
EFAT LT 5 NERSEEHE (DOIC) OWEEMES%
%(Mm»ﬁ%ﬁﬁ@%%%%&?éwﬂmﬁﬁéﬁf
w3 (Fig. 7C)o —F, WEBAITIE, Fig 7R TEEE
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POHMTSE, SMELY SAMPREN E2s, NEE
P (LD 3, R EAIITb L NEANERLSE L O
B LT LT 2 WEBAEER AR O20 OIAL TR S
NHZNIBAEESER (FIC) TRBRICEEL TV LH
WEhd, COLHIC, TH)OBMEIERKOELE R
THAPEA I BN TOEEFE M L CHRBEE
BELTWBH I &Iz b,

B2 LR

SRR 2 i S 7K R SRR O LT £ EE S THAKE
(ES) ~BL@EEETHSHE LIE (SBC) X, HEAX
(PAM) #RELTCEAPSR? L FHMEORLI % 88
BIZ—DIZ o T BBTFIMERENS (Fig. 8D, E). =
DEHIWC—DIh o728 LB (SBC) BB
(PAM) ICHEBLTNEL, HAKE (ES) ~EET 8%
FiE, SRAEERE RS FICAKFEDR L 7S » S S
»TH% (Fig 3A-D)o 8B LEF—DI% o ZHMT
&, AW (LIC) L AMEE RIC) RALGNENESSE
#% (FICB) %24 LCEOWNEAZE (LD OERELEON
faNEE (LD oXIFTEEL TWwbH (Figs. 5D; 6H; 8E;
14A; 15C, D; 16A, B)o —77, #ME841% (ROC, LOC) &
K& QR L AAMERAZE FEEER (SAE) O EIBASHLER
NEREEB (FOC) THEARS (PAM) ORIEIEMTIEIC
BAELT LR SBC) 2R LAEELERoTVS
(Fig. 8D, E)o COHH OB EEORBLEM» SRS
L, MR EANBoORE R T 2 8E (CA) FPREKR
(VM) ~NEUT, EEOMEORE AR T3xb 55
FHHEREINL (Fig 8E)o Z DI THES (CA) 24}
BENERESEELC, #EERE (SBC) IFSMBL RO D
WABEESNTWEZ LN (Fig 8E). HEHFIZ, ZOF
fcik, A£WES (LIC) LANEL (RIC) 2 AEANEBNE
&%#% (FICB) 2o HNT, ZhEFNONBAELSER
(FIC) THIBBRIZES L7-BIZEb > T3 (Figs. 9A,
B; 11D; 13C, D)o 72, Z WML SERICHLT TR
ENBOERIE, BHOBAICET TS, EBEERER
(SM) THRBRICEZE SN TV IRETIERIND
(Figs. 9B-D; 10A; 11D; 12B, C; 13C, D)o —J5, # EjE
(SBC) #E#MICIF->THHL TEM»S RS &, HEARK
7 (PAM) DL T, SMEL RO ERE (SBO) 1
FERLMEFSET TS B XS (Fig 8D, E;
9B, C)o F7-, HHELAEOME EMEOFRRITIZIZFE CAE
FTCERPTVEZ PR END (Fig D)o 0T,

EfE (SBC) AMELNEETIXIZIZALES 2R, £
DEEETT 2 LARKII o TVAB I EDPELLTH S
(Figs. 10A,B; 1 1B-E; 1 2B, C; 13D),

Tz, THY ONENESEFZ (FOC), WERNEAE
# (FIC) BIXUELEABAZESER (FICB) 135k
DLGHFRATA?, hFHFA 22 BREEO <~
TaAYHAY, yuFav A0, Vi ryL5xP 4
yRAFD 2w HF0, ARBEOTIFHAY <
FHA® LERIC, B EBEOREEE, ML AR
BH5HVIBERLIME MV) TEEIRLTWS (Figs
14C; 15C-E; 16B-D),

BmE

BWiE FG) 3, KMEEOLIYFATA?, A54%*
4 2a% BREEOCNY, 7avH40 ruFavy
AW, Vs 4352 L5 RTED 2w HE® T
X, EEOREE L UL FboTV5, —F, EFfiR
BOLZLOETIE, EWEIMMBETREL WS LHEL
NTWwa?, Lo, EfEETLYNVASLTABOF
FRARDTFIEHAT R FHARDCFHA® T
i3, EYRBREAONESB L UMBIIHbo TWwWh, E
72, IVAFVLHARTTH) ERCBIZED STV
Paphia (=Tapes) pullastra® Paphia decussataTd, E
BIIAEONES L UMM Hbo TWA Z EFRE S
TWBY, 749 T, BYWEIIES DL SR E
boTw3 (Fig 17). EWEE, A88%EOEIER AR
WEIEIZTE CETHIRICENT LTS (Figs. 18E, F;
19A-D; 24A; 25A) . EADIEDOHEEL, <~ Tay 40
eroFav 4P LEAKE AELAEOEES
(OF) #H < Bl L TEWEIZERE L TV BT IR
&N (Figs. 18E, F; 19A-D; 24A; 25A). —F, FE#E4
(PF) BEWEHEOEFOEMOP LT HEIZERE L T D
(Figs. 24B; 25B), ¥ 7z, EWHEOREIIFELOME & Mk
28 (CL) THEbNTw5 (Figs. 18B-F; 19D),

R

R EAIME (ICV) X, 828 (CA) » 5 4MEsaE
nEME (NENELSER FOC) O, B X UHEH
(CA) POMIBRNEDOER* ETL TV IHEAENY
i [EANEEAESER (FICB) &5 \WiZNENES
E% FIO)] oMz EEERK L TETL T2 (Figs.
8D, E; 9C, D; 14B; 20D; 21C, D)o I & 9 7o B3 M sdk i
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E(ICV) oFETR, v, 7Tavh40, ruFay
HAW, 45 FHFY < HF9 preiL0 T
HA® LRI 5T, EMAEICHIEESEOLL
L T % (Figs. 5A, B, D; 6B, D, E, H; 13A-D; 14C, D;
15B; 16A; 22E; 24B-E, G; 25B-F; 26A-D; 27A; 28A, B),
EIZEREAERL (ICM) 13, FELREICIERERIE 2 5
MEORAMME (AW oMIC=ARICEELT, =
BABIINEINEZEOETELOMTE*EH LTS
(Figs. 10A; 17A; 20A-C; 21A),

BERER

WmEE, <Y, TavF40 esrarayiaY LFE
Bic, 6% (PF) EZTHA0FER (OF) %Mk
WEF L7-—HPRYVELELZ - 7-EBEL > TWS

(Figs. 24B-G; 25B-F; 26A-C; 27A; 28A, B)o L7 L, W
HxR2E, —HOERIL FEELROMBLIUEELL
FEAOM2EAEESR (PB) TEEL TS, —#HO
EMBOAENL, FEROTELMHEEIROZEET (#%
MKE, IFS) #FE L TWwWA S, EAREE (IFS) Msto
WA TIREAEASE (FCM) #R DL CEAEES

(IPB) % ERL7-HEEL 2> T3 (Figs. 24C-E; 25B-
F)o fi#E 2 AM (8ENE, BO) 25 R2 &, BAMERFE

(FCM) FEARZIZITFEMRICES LT, 65 MEEE
M (FMS) # R L TCWAHEFIHIAEINLLE (Figs.
19A, B; 22B-F; 23A-C). MBE TR 2 &, BAREETF

(IPB) @7H v #ETHEI LTI FF VETHBESN,
FHAB LOEEAROMRM AR L T 35 EOEM
LHERELTWwD (Figs 23A-C; 26F; 27E), - T, 7%
VTR, ATYFAHAT, AFYFL 0¥ o~ 7
avHAY eruFav AN LR T, KEMHROMH
LA LT B BRI RIERD bk v, F72, 4
SRARD, < HEC, TrEHAT 2K THAY
Tid, BAHERRIIZDO LD, EARAMEGED—IB
DRE L7 BRBEEIEERD S v,

Dufour and Beninger®™ %, “HHBEOHEOEREES
NELHEOMN T 2 % 5% © B %Interlamellar
junctions (#EFERMEA) THEE L T v AHomorhabdic
filibranch, PZE & HLZEDMK T 2 2RO M % R
ECTEAL BMEBELAFELRAOBZEBEOD 252EY

(Ciliated spurs) T #¥ & L T  AHeterorhabdic
filibranch, B #% L 72 % §88 % © M %Interfilamentar
junctions (B8 M &) THE A L T\ SHomorhabdic

(&

7t

~
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eulamellibranch, W2 & 4130 E 6% O R % HE3E M E i
TEAEL, BELAEEROMTEABESETEELTY
% Heterorhabdic pseudolamellibranch® 4 2 O&ENZ451F T
Whe THIHED &, T UIREEE L -EEDR O M 2 8%
&4 THEA L T 5E5 5, Homorhabdic filibranch
BEOLIF XA HTA 28 FF %4 3%
Heterorhabdic filibranch##&N v ~Y, 7ax 540 22
¥ 3 7 H4"W B X UHeterorhabdic pseudolamellibranch
BEOAFRFED, <HF0 24y FH40 LAKO
852 O % 7R 3 Heterorhabdic eulamellibranchi® & % 7=
LTw3 (Figs. 59
INLOBREPL 7Y OBTOXKEZIENTS &, K

DEIHITh B, WKL, FER (OF) BLUEHEAR

(PF) ol (LCL, Figs. 6D, E; 8A, C) O#EET
AKE IS »oAERE (MC) ~RASKh, FEHARLE
BROBOBATL (OT) %88 L CHE A M 45 R e

(FMS) ~NfAT %o 2Tk, HAKD—ERILELRMHE
fE (IFS) ~ALT, 8L (SBC) ~jihb. BAH
BE (IFS) ~FEAL B o 2K I3 ERERK ICM)
O % BA L Tl BC ~ith, BEMESE

(ICM) oM %#&H L THEMEKLE (ICV) D% @
BL Tl EPEANTEND, SO OHEKIE, BEELERL
THKE (ES) »oBi~Frisns,

B|MEOME

FE% (OF) B3RS EEAME (VOF) 25, E4i%
(PF) W% A mE (VPF) »FHEEL Tw 3
(Fig. 28), SHEMEEE ICM) &, ~~Y 7av¥
A0 oraFay AW LRAKICABOSTIARIKOM
EMEEENE (VICM) &%-THh, MEOHNT S
NEINFEOFERME (VPF) OBz EF LTS
(Figs. 26D; 28B, C)o b, =P, 7av s (0 2%
OFayhAW L BT, MEMEEE ICM) 368
EOMNTANELNEOLETOERRAEICHLT T TER
L, MZEMEHEEOETIZEERMELNE ICV) T
(CA) o AEBEHIR (ABV) 206 LREBAOEAIN (S
NEOHEHSD 5 VIZHEAZEOET) OMZEKL TV
(Figs. 21A; 24G)o - T, #MEEALZE L 8hIR5E (SAE)
DA TIE, BEBEFME (ICV) X% PF) o
SIS CREBRICHEE L TREVU TV AT IR
& n (Figs. 9C, Dy 14B; 20D; 21C; 24G), ) (CA) @
AT, TRESROEAN GMHEREOEIE & U
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NEDEE) OELEIARETEBL CELMEEZEDT
OGS 5 MEER (EBY) %z, o5
(HEBRBRM) i RTEt o ASREIR (ABV) 2¥fEsET
w5 (Figs. 12A, B; 14C, D; 15B; 16A; 23A, C)o k&
W (FCM) &, WEROEE TR O R B E LS
(VFCM) &% -Twb (Figs. 26E; 27D, E; 28A, D)o &
DA HEHEME (VFCM) i, FHBICERL -6
SEEEE (FCM) L EAIKD 2 TR0 FEEAIM
& (VOF) BLU2ROEEERME (VPF) &BRAEF
(IPB) % 4r L CE#E L, [FKICHZE M ERE LS
(VICM) & dE#E L Tw5b (Fig 28A), EWiE (FG)
DEPIE, <0, Tav A0 RruFavs4Y L
F#RC, AYEHELE (VFG) 25kl Tw3 (Fig
18B-E). Z OEWEMHEME~NL, BMEONELAED
FEARIME (VOF) 7%9Mi» o &gz Bt & 5 1R
Lw3 (Fig 18B, D, E)o
INLOBEPLWETOMREHRENT L LKRND LIS T
% b MEE, ABEIR (ABV) » O MR EEME
(ICV) ZHBEL THE CIIA B ERL MG LS
(VAO) ~¥ A ¥ % (Figs. 14C; 15B, E; 16B, D; 20A;
21A), WETIINBANZERTHGEME (VAD ~FEAT
% (Figs. 12A-D; 13A, D; 14D; 16A; 17A; 20A-C; 21A),
SR ZELRHEEE > 5 13413 (OL1H 5 \i3Z0LO) @
FHAME (VPF) LEELME (VOF) ~, HEERNE
EIMEME S 5 IXNE (LIS 25 WIZILO) O F4E4%Im
FBLEHAME~TEAL, LDIZEYE FG) ~HoT
TNDo EH, FHARIME %NS MK O—LFIIEIER &
MELE (VICM) ~E# LT, MHxd 280 E68450m
& (VPF) ~WhT, HMBER (EBV) ~iH§ 2, 68
REEKE (FCM) O T, FEAME & FEEkMm
BLWNLMEO—IITEAHEREDE (VECM) ~
WAL TRE LBICEERNE & BISRIE~NEY,
FHEHEREC ZOWNERYEL T, EWEAN - TR
Nn, ZoO, FEAOE (VPF) PMEERMERERELE
(VFCM) & #fs LS cild, FHcmEomEo—
W EREEEOET L RN Tl 2B ETT 5 E
BAMENEEEKEL TR B, T, FEAME
(VOF) 7585 MEEmeE (VFCM) ~HA L 721
WO—EF D ETEARME (VPF) ZEH L CHEREEE
Mm% (VICM) ~FEATHM$ 5885 4 175 5 8540
EANLERLTHRND, AWE (FG) T, SMEsES
HZVWIIHNEAESEHRAME (VPF) L HFHELNE

(VOF) % L-mgsay#Eiten®d (VFG) <k

ALT, TRENIINES 5 VIR ED EER
EEERMEANE TN S, IO QESRME & EERIM
ANz, SURFEREELE (VFCM) »58
BLTHAT M LRAL, BAHERERE (FCM) &
IZZORNERYEL THERER (EBV) ~tld 5,

2%

FiE% PF) &, v, 7avyyAraFaoig
TIREEROWE NEER) OFRAMAEHSME ERY
Frontal groove of the principle filament (FZ#%#%) &
BZoTWa™W, LiL, 79U TR, EEROHEHOF
RAEIIERER L AFOE LR L THE % R 3 Frontal
ridge of the principle filament (FEHEREERE) & 7o T
% (Figs. 26A-E; 27A, B; 28B, C)o ¥, TaAXYH A
OFavi4Tid, ¥4k (OF) BEBAOMICKET
5THRAONORIICAUBT AN BLEEREL S
Apical filament (JE#EER) ko Tw AW, La
L, 7HIU T, BREEREHITEST, BiAEE
TRUEERLTWS (Figs. 5A, D; 6A-H; 14D; 26A-C;
27A; 28A, B)o

—7%, % PF) BLUEH% (OF) 3=~ 7
YA eruFayHAW LR, BIETSE

(FCL) TBbn, MEICITEEE LCL) %2, WE
EHEO P HAEICIIEE#EE LFC) 2z T3

(Figs. 26E-G; 27C-E; 28B-D),

BIEE

MBI L NEEOAETIE, HEBBERZ2 LY, 7
av A4 ReruFay iAW LA, 8% (CL) T
Bhhl-ZEEE (RIMENAERERER BTL) 2HEKL
T W % (Figs. 5D; 14C, D; 16A; 17C; 20A-C; 21A; 23A,
Co L&L, =9, 7a¥H40 2ruFawngW
EEL ST, NEBEOEIIZEL T2 5oLz
HEEESROLNT, WERREOREIIC S REES D
shizv (Figs. 14C, D; 15B, C, E; 16A, B, D; ).

BR

B (LP) i3, =%, 7ax 40 eruFavy
AW EERC, BEOEREYEER (LUL RUL) L TE
- (LLL, RLL) THEr & ) 2 Z T b2 A ok
&% oTw5 (Figs. 29E, F; 30C; 31D, E; 32A) . #H3E D5
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=AY, 7:%ﬁ4m%7n%a@ﬁ4m“im%®
NELAEOERPFARIIERFECTROC, EEFETE
FTHRINTVE, UL, 74 OBECTIE, FEEE
WAHEOERTHED Y, AEOEROAPER T TEY
TEERLETERICHRINEEEL 2o TwD (Figs
29C; 30C; 31A, D, E; 32A; 34A, C)o $ 72, 25V F 47
A, ZaFavid, =X, VI ry45ERL ¥ KT X
T, BEQKHOETIIEROBMOEOET L FATIC
o Twh (Fig 33). fE- T, %k (BB L UER
%) OEFBIUTHROMEZ, AOEOETLES
LoTwb (Fig 33). 2% b, HILOEATIE, HED
MBI ACAMOBELESICRbo TS (Fig
33)e LAL, 7HUTI, T0LIRBELEL-T,
FEABLUTEAO LTB IO THROME I, HNEBX
UCHEONTRIAMNOEDET L FITIIE>TWVE
(Figs. 1C, D; 7A, B; 8A, B; 29B, C; 34A, C)o D &I I
HNEZTFERIZEEL TV S, EFOELEEIT~
RO FavyH40 eruFay A4V LEKT, T
OEBEROSEMIMWEOE (LOG) 2L, BEfIlH
CE (L) oy iﬂmmﬁ(mm)%%&tf¢¥®m
(OA) "L EAPLEL o Twb (Figs. 29F, G; 30C;
31D; 32A), 7z, B, AIMNOE, AMNOEBLIUTED
FEEE, £@T#HE CL) TEbI T3 (Fig 32B-E).

FER
IN— T =7 5 ¥ Crassostrea virginicat, THLHR & FHE
FOBMECEAMAZBET IKREEZREI L, KPORE
FF 2 CRE L ORBIRICHKYD, FELAOFME T
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Short forms used in the figures
AAM, anterior adductor muscle
ABYV, afferent branchial vein
BC, branchial cavity
BOOC, base of outer lamina of outer ctenidium
BTL, based ciliated tract of inner and outer laminae of ctenidia
CA, ctenidial axis
CL, cilium
CT, ctenidium
DD, digestive diverticula
DOIC, dorsal side of outer lamina of inner ctenidium
DOOC, dorsal side of outer lamina of outer ctenidium
EBYV, efferent branchial vein
ES, exhalent siphon
EV, exhalent valve
FCL, frontal cilia
FCM, inter-filament connecting membrane
FG, food groove
FIC, fused border of inner lamina of inner ctenidium
FICB, fused border of inner laminae of inner ctenidia of both sides
FMS, inter-filament connecting membrane space
FOC, fused border of outer lamina of outer ctenidium
FOIC, fused border of outer lamina of inner ctenidium
FRP, frontal ridge of primary filament
FSM, front suspensory membrane
FT, foot
GD, gonad
IC, inner ctenidium
ICM, inter-laminar connecting membrane
ICV, inter-laminar connecting vessel
IFS, inter-filament space
ILI, inner lamina of inner ctenidium
ILO, inner lamina of outer ctenidium
IN, intestine
IPB, interfilamentar junction of the form of intra-plical band
IS, inhalent siphon
IV, inhalent valve
L, lip
LCL, lateral cilia
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LFC, laterofrontal cilia BIFTE
LIC, left inner ctenidium LR
LLL, left lower lip ETER
LOC, left outer ctenidium ity
LOG, lateral oral groove ZEE A mpE
LP, labial palp =5
LUL, left upper lip ELrESRF
MC, mantle cavity EEhE
MT, mantle NEE
MV, microvilli BB
OA, oral aperture O
OC, outer ctenidium AR
OF, ordinary filament EEER
OLI outer lamina of inner ctenidium PIEEAL3E
OLO, outer lamina of outer ctenidium AR E
0S, oesophagus HiE
OT, ostium HRIL
PAM, posterior adducter muscle AR
PF, principal filament E8A
PM, pallial muscle NEH
POG, proximal oral groove SURANP
PP, papilla ek
RIC, right inner ctenidium HNER
RLL, right lower lip AT ESR
ROC, right outer ctenidium AR
RP, ridge of palp ESEEHIER
RUL, right upper lip ELEHR
SAE, supra-axial extension of ascending lamella of outer demibranch SIMEALZE FhiaR
SBC, supra-branchial cavity 8 kR
SM, suspensory membrane of filament BRI R R
SRM, siphonal retractor muscle KEET
ST, stomach B
TES, tentacle of exhalent siphon HKEF
TIS, tentacle of inhalent siphon AKERMTF
VAT, longitudinal vessel running along the base of inner lamina of inner ctenidium IR A ZE L ARG A
VAO, longitudinal vessel running along the base of outer lamina of outer ctenidium AR BE LR R A
VFCM, vessel of inter-filament connecting membrane 5 R A LI
VEG, vessel of food groove BYE e
VICM, vessel of inter-laminar connecting membrane BT M A R
VM, visceral mass AR
VOF, vessel of ordinary filament FERIME
VPF, vessel of principal filament FHE A I

VT, ventricle
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Fig. 1. Ctenidia and siphons in the Japanese short-neck clam Ruditapes philippinarum. Fig. A, Left surface of the soft
part; Fig. B, Siphons are pulled apart in the mantles; Fig. C, Left side view of the ctenidia and the siphons after
the left mantle is removed; Fig. D, Left side view of the ctenidia and the labial palp. Scale bars = 1 cm.
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Fig. 2. Siphons in the Japanese short-neck clam. Fig. A, Left side view of the soft part; Figs. B-D, Horizontal cut open
the siphons; Fig. E, The inside of the siphons. Scale bars = 1 cm.
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Fig. 3. Horizontal sections of the soft body in the Japanese short-neck clam. Azan stain. Scale bars = 1 cm.



Fig. 4.
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Transverse cut open the soft body in the Japanese shortneck clam. Transverse red lines on the upper-left small
figure represent the cutting-plane lines of the soft part and the letter attached to the terminal of each red line
correspond to that of figure. Figs. A and D-G, Transverse cut open the soft body; Fig. B, Magnified view of the
inhalent siphon and the mantle cavity in Fig. A; Fig. C, Magnified view of the tentacle of the inhalent siphon in
Fig. A; Fig. H, Magnified view of the tentacle of the exhalent siphon in Fig. G. Scale bars in Figs. A and D-G =1
cm, and the bars in Figs. B, C and H = 1 mm.
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Fig. 5. Transverse sections of the siphon in the Japanese short-neck clam. Transverse red lines in the upper-middle

small figure represent the cutting-plane lines of the soft part and the letter attached to the terminal of each red
line correspond to that of figure. Azan stain. Scale bars = 100 um.
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Fig. 6. Transverse sections of the siphon in the Japanese short-neck clam. Transverse red lines in the middle-left small
figure represent the cutting-plane lines of the soft part and the letter attached to the terminal of each red line
correspond to that of figure. Magnified view of the siphons in Figs. A, C, E and G are corresponding to Figs. B, D,

F and H. Azan stain. Scale bars = 100 ym.
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Fig. 7. Outer and inner ctenidia in the Japanese short-neck clam. Figs. A and B, Left side view of the ctenidia and the
labial palp after removal of the left mantle; Fig. C, Left side view of the ctenidia; Fig. D, Outer and inner ctenidia;
Fig. E, Diagram of the transverse section of the outer and inner ctenidia. Bar in Fig. A = 1 cm, and bars in Figs.
B-D =1 mm.
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Ctenidia and supra-branchial cavity in the Japanese short-neck clam. Fig. A, Left side view of the ctenidia and
the labial palp after removal of the left mantle; Fig. B, Left side view of the ctenidia; Fig. C, Dorsal side view of
the ctenidia; Figs. D and E, Dorsal side view of the supra-branchial cavity near the exhalent siphon after removal
of the posterior adductor muscle. Scale bars in Figs. A-C = 1 c¢m, and the bars in Figs. D and E = 1 mm.



86 e, JA, *H

Fig. 9. Ctenidium in the Japanese short-neck clam. Fig. A, Ventral side view of the ctenidium and the labial palp after
removal of the mantle and the visceral mass; Fig. B, Dorsal side view of Fig. A; Figs. C and D, Magnified view of
the right outer ctenidium in Fig. B. Scale bars in Figs. A and B = 1 cm, and the bars in Figs. C and D = 1 mm.
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Fig. 10. Transverse sections of the soft body in the Japanese short-neck clam. Transverse red line in the upper-left
small figure represents the cutting-plane line of the soft part. Fig. A, Outer and inner ctenidia; Fig. B, Section of
the soft body. Azan stain. Scale bars = 100 um



88 wye, JA, FH

Fig. 11. Supra-branchial cavity in the Japanese short-neck clam. Transverse red lines in the middle-left small figure
represent the cutting-plane lines of the soft part and the letter attached to the terminal of each red line
correspond to that of figure. Scale bars in Figs. A and C-E = 1 cm, and the bar in Fig. B =1 mm.
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Fig. 12. Supra-branchial cavity in the Japanese short-neck clam. Vertical red lines in the middle-left small figure
represent the cutting-plane lines of the soft part and the letter attached to the terminal of each red line
correspond to that of figure. Scale bars in Figs. A, B and D = 1 mm, and the bar in Fig. C =1 cm.
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Fig. 13. Sections of the supra-branchial cavity in the Japanese short-neck clam. Transverse red lines in the middle-left
small figure represent the cutting-plane lines of the soft part and the letter attached to the terminal of each red

line correspond to that of figure. Azan stain. Scale bars = 1 mm.
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Fig. 14. Fused border of the ctenidium in the Japanese short-neck clam. Fig. A, Ventral side view of the ctenidium and
the labial palp after removal of the mantle and the visceral mass; Fig. B, Dorsal side view of Fig. A; Figs. C and
D, Transverse sections of the soft body near the siphon. Azan stain. Scale bars = 1 mm.
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Fig. 15. Sections of the fused border of the ctenidium in the Japanese short-neck clam. Transverse red line in the
middle-left small figure represents the cutting-plane line of the soft part. Fig. B, Magnified view surrounding
the supra-branchial cavity in Fig. A; Fig. C, Magnified view of the fused border of outer lamina of right outer
ctenidium in Fig. B; Fig. D, Magnified view of the fused border of inner laminae of inner ctenidia of both sides

in Fig. B; Fig. E, Magnified view of the fused border of outer lamina of left outer ctenidium in Fig. B. Azan
stain. Scale bar in Fig. A = 1 mm, and the bars in Figs. B-E = 100 zm.
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Fig. 16. Sections of the fused border of the ctenidium in the Japanese short-neck clam. Oblique red line in the middle-
left small figure represents the cutting-plane line of the soft part. Fig. B, Magnified view of the fused border of
outer lamina of right outer ctenidium in Fig. A; Fig. C, Magnified view of the fused border of inner laminae of

inner ctenidia of both sides in Fig. A; Fig. D, Magnified view of the fused border of outer lamina of left outer
ctenidium in Fig. A. Azan stain. Scale bar in Fig. A = 1 mm, and the bars in Figs. B-D = 100 um.
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Fig. 17. Food groove in the Japanese short-neck clam. Fig. A, The stereoscopic micrograph; Fig. B, Transverse section
of the ctenidium; Fig. C, Magnified view of the ctenidium in Fig. B: Fig. D, Food grooves of the outer and inner
ctenidia; Fig. E, Food groove of the inner ctenidium. Azan stain. Scale bars = 100 um.
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Food groove in the Japanese short-neck clam. Fig. A, The stereoscopic micrograph of the transverse section
of the laminae; Figs. B-D, Magnified view of the food groove of the vertical longitudinal section of the laminae;

Figs. E and F, Magnified view of the food groove of the cross section of the lamina. Azan stain. Scale bars in
Figs. A-C and F = 100 um, and the bars in Figs. D and E = 10 um.
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Fig. 19. Stereoscopic micrographs of outer side view of the food groove in the Japanese short-neck clam. Scale bars =
100 ym.
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Fig. 20. Stereoscopic micrographs of the inter-laminar connecting membrane and the inter-laminarr connecting
membrane in the Japanese shortneck clam. Figs. A-C; Vertical sections of the ctenidium; Fig. D, inner surface
view of the inner and the outer ctenidia. Scale bars = 100 um.
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Fig. 21. Stereoscopic micrographs of the supra-axial extension of ascending lamella of outer demibranch (SAE) in the
Japanese short-neck clam. Transverse red line in the middle-left small figure represents the cutting-plane line

of the soft part. Fig. A, Outer and inner ctenidia; Fig. B, Outer surface view of SAE; Fig. C, Inner surface view
of SAE; Fig. D, Magnified view of the inner surface of SAE in Fig. C. Scale bars = 1 mm.
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Fig. 22. Stereoscopic micrographs of the inter-filament connecting membrane in the Japanese short-neck clam. Figs.
A-D; Vertical longitudinal sections of the laminae; Fig. E, Oblique section of the lamina. Scale bars = 100 um.
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Fig. 23. Sections of the inter-filament connecting membrane and the based ciliated tract of inner and outer laminae of
ctenidia (BTL) in the Japanese short-neck clam. Figs. A-C, Vertical sections of the lamina; Fig. D, BTL. Azan
stain. Bars in Figs. A-C = 100 um, and bar in Fig. D = 10 um.
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Fig. 24. Stereoscopic micrographs of cross sections of the lamina in the Japanese short-neck clam. Fig. A, Ventral side
view of the surface of the food groove; Figs. B-G, Cross sections of the lamina; Fig. G, Dorsal side view of the
lamina; Fig. H, Out side view of the ctenidium near the dorsal edge of the ascending lamella. Scale bars = 10 um.
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Fig. 25. Stereoscopic micrographs of cross sections of the lamina in the Japanese short-neck clam. Fig. A, Ventral side
view of the surface of the food groove; Figs. B-F, Cross sections of the laminae. Scale bars = 10 um.
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Fig. 26. Cross sections of the lamina in the Japanese short-neck clam. Figs. C-G, Magnified views of essential parts of
Fig. B. Azan stain. Scale bars in Figs. A-C = 100 yum, and the bars in Figs. D-G = 10 um.
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Fig. 27. Cross section of the lamina in the Japanese short-neck clam. Figs. B-E, Magnified views of essential parts of
Fig. A. Azan stain. Scale bar in Fig. A = 100 um, and the bars in Figs. B-E = 10 um.
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Fig. 28. Cross section of the lamina in the Japanese short-neck clam. Figs. B-D, Magnified views of essential parts of
Fig. A. Azan stain. Scale bar in Fig. A = 1 mm, and the bars in Figs. B-J] = 10 um.
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Fig. 29. Stereoscopic micrographs of the labial palp in the Japanese short-neck clam. Fig. A, Surface of the soft body;
Figs. B and C, Labial palp and ctenidium after removal of the mantle; Fig. D, Ventral side view of the labial
palp; Fig. E, Ventral side view of the labial palp after removal of the foot; Fig. F, Internal construction of the
labial palp in which the upper and the lower lips are pulled apart; Fig. G, Internal construction of labial palp
after removal of the lower lips. Scale bars in Figs. A-E = 1 c¢m, and the bars in and Fig. G = 1 mm.



T ) DEEEE 107

i
//
é

C

Fig. 30. Section of the labial palp and supra-branchial cavity in the Japanese short-neck clam. Transverse red line in the
middle-left small figure represents the cutting-plane line of the soft part. Fig. B, Magnified view surrounding the
supra-branchial cavity in Fig. A; Fig. C, Magnified view of the labial palp in Fig. B. Azan stain. Bar in Fig. A =
1 cm, and bars in Figs. B and C = 1 mm.
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Fig. 31. Section of the labial palp and the supra-axial extension of ascending lamella of outer demibranch (SAE) in the
Japanese short-neck clam. Figs. B and C, Magnified view of SAE of the right and the left outer ctenidia in Fig. A;
Figs. D and E, Magnified view of the right and the left side of the labial palp in Fig. A. Azan stain. Scale bars =
1 mm.
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Fig. 32. Section of the labial palp and the supra-branchial cavity in the Japanese short-neck clam. Transverse red line in
the middle-left small figure represents the cutting-plane line of the soft part. The letter attached to the center of
each red line in Fig. A corresponds to that of Figs. B-E. Fig. B, Magnified views of the ridges of palp of the labial
palp in Fig. A; Fig. C, Magnified view of the lateral oral groove of the labial palp in Fig. A; Fig. D, Magnified
view of the lateral oral groove and the proximal oral groove of the labial palp in Fig. A; Fig. E, Magnified view
of the proximal oral groove and the lips of palp of the labial palp in Fig. A. Azan stain. Scale bars = 1 mm.
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Fig. 33. Stereoscopic micrographs of the positional relation between the labial palp and the filament of the Blue mussel
Mytilus galloprovincialis (Fig. A), the Black-lip pearl oyster Pinctada margaritifera (Fig. B), the Black-winged
pearl oyster Pteria penguin (Fig. C), the Pen shell Atriana (Servatriana) lischkeana (Fig. D), the Densely
lamellated oyster Ostrea denselamellosa (Figs. E and F). Fig. A, Ventral side view after removal of the left
lower lip; Figs. B-D, Ventral side view; Fig. E, Ventral side view after removal of the lips; Fig. F, Lateral side
view. Scale bars in Figs. A-C = 10 um, and the bars in Figs. D-F = 100 um.
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Directions of particle transport on the ctenidium (Fig. A) and on the labial palp (Fig. B) in the Japanese
short-neck clam. Arrows, Directions of particle transport; Open circle in Fig. B, The positions of longitudinal
current leading particles to the dorsal side of the outer lamina (or the fused border of outer lamina of outer
ctenidium); Closed circle in Fig. B, The positions of longitudinal current leading particles to the lateral oral
groove. Scale bars = 100 um.



