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Histological Structure of the Ctenidium of the Ark-shell
Scapharca kagoshimensis

(Arcoida: Arcidae)

Ken-ichi Yamamoto, Akira Araki and Takeshi Handa'

Abstract ;: The structure of the ctenidium of the ark-shell Scapharca kagoshimensis (Arcoida: Arcidae)
histomorphologically ascertained as follows: 1). The dorsal bends of ctenidia do not fuse to the mantle (MT)
and the visceral mass (VM). 2). The ridges of the ventral bent of ctenidium (VB) do not formed the food
groove. 3). The demibranchs are filibranchiate, flat and homorhabdic. 4). The interlamellar connecting
membranes are observed in all filaments between the inner and outer lamellae near VB. 5). The interlamellar
extensions of filament are formed at abfrontal side of all filaments in the outer lamella of inner ctenidium and
in the inner lamella of outer ctenidium, and are spreading out between the vessel of ordinary filament and the
vessel-like interlamellar connecting vessels. 6). The fine frontal cilia and the coarse frontal cilia are arranged
at the center and the both sides of the frontal surface of filament, respectively. 7). The tips of the inner palp
of labial palp (IPP) and the outer palp of labial palp (OPP) are fixed with the suspensory membrane of labial
palp on VM and MT, respectively. 8). The lateral oral grooves extend between IPP and OPP. 9). The proximal
oral grooves extend between the inner lip and the outer lip (OL) on either side of the oral aperture.

10). OL is equipped with the membranous flap of lip.

Key words : Ark-shell; Dorsal bent of ctenidium; Interlamellar extension of filament; Membranous flap of lip;

Ordinary filament; Ventral bend of the ctenidium.
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#ﬂﬁ@i" ST E N 4 7 BT FBO<H FCrassostrea
gigas B & 4 & R W ¥ Ostrea denselamellosa , X VA Y L
HABFI<ATARDT 5 <X H A Sinonovacula
constricta |, X T W A RO F A Solen strictus, <IWVAY
L A A R D 7 ¥ V) Ruditapes philippinarum “Cid, 33 E
R ETEAROFEER T —ME L THBICHEAZEELR
T, BT AERE RO CHER LR AR L
7280, f7EL, TH Y TR, SMENEORETSE L K
BRLAEEEZRLEY. $72 AULABEOY S T4
Megangulus venulosus ( YN AT VHAB=v 3w FAH)
T, o=y ay FIRBTHLERTWE L HII2H, M
FIHEARDSTHICIEA AR & FEOBEERL T
7B F 7 NEREETRO K EEE AICHE & N
BTFRCEFLEREZRL T7zds, AMIEAESREL,
REFEFICBALTWAY D, Zokdic, ZHAED
i, MUETHRHI L o TR ZEMEL RS HEIH
BRTW5B, BIZ, INVRFLFLBA Y HAROY*
v H A BTIE, ¥ YT F ©Amusium pleuronectes DB
EEERE TRAOEEAE M E L THERBICEA LSS
ERTA, MUBE ENTWBA dali, A meridionaleds &
U4, lucidum TRXEBRVPFMICHEAZZEEZ TR T &N
#WEENTVBP,

KA TIE, 7354 B IR ABOY VR Scapharca
kagoshimensis OUEE L ARFNICTHN, ALEOT AN
A LHB Lz 8, ZHEOSEIZRENE S,

M#BLUTE

KEIZIX, FHBTHREL-BRREIZA216 mm (FHME
+ R, DRERARICERT), 97+ 11 mm , ®RIES2
£03 mm DY VRV FEE Bl YIVERY IR, £
KOERT CHAMEREL 2%, #04 Mok~ 7 3 ¥

YA K2~ BEBEL CRERE ME S ¢,

Davidson M2 CRIE L7zo MG FEICH - T/8F 7 1
VIR0 um)EER L, 7T REEE L CLEEMEE
TEHELD,

BRBLUEE

B
SRERB L EAEMOBORNEIL [w 8] 257
EWEISNTWAREY, ok EE, YARYICLY

T Y (Fig 1-1), ThETEHLPRLETHAHA, &
FHXAHL, bIFFALa, X, 7axi{, ru
Fav 4, VIr¥AS5¥, ero¥, k¥FH4, 4
YRTF, T HFOBLEAMTH- 22 LL, s

EBLOUNENEOEEE R E i #(dorsal bend of
ctenidium, DB) 37 A 4L FIKEIZ, b4 v FE B0k
TFHAFAHPLR LR %R L TW/iz(Figs. 1-1, 2BD,
3A-C, 4B, 4C)e %72, bA U FERR s 744 M DL R
I, SMENEEAEBREOC) INEEICESET, ABAE
EHEREIC) TG ONBNEDH D 5 NSO HIBE
IZEE L Cwikd o 2Figs. 1-1, 3A)% b &hb,
PRI TETHHTAY, ey F PRk y s
RIS, SIFEL MRS ERE T, S L AR
OMEL AR MOSNINEEEFZ L WENEEGERL €
NENNERE L NBROMBECEMESE TR, LML
HELIMmIELE, ZOo0AERIEENENOTMNL S
M ELEEZOND,

8 _LRE (SBC)

85RO % @B S &7k E HKEEONEBETH S
R, TAFAVLRRIC, BHASERANKRDO LD
WCEL L7z, BETE, 8EEE EE0BEOVTRIC
b AR AL ZEOLO) L AR N EILO)D M B & AR AL 32
(OLD & MR NEILY D MICIAR T OO AR 4 R R Eh
TW7z(Fig. 1-1)e RET)OHM T, 88 L, EHOH
EONBNELAMENEORICL 0024, BLUA
AOMEOHMAED S OF—RITE 5 21RO EFTIAN
TR, & LTV /2(Fig. 1-2B), HIRIEISHE DK &, HRECA)
AREED SN T (Fig. 1-20), 48 REEIISMENFE L 4HERN
ES—#ICRY, LrdbERELAHEDCZRENE—HH
WKhoTIRE R, HABEIZHEL L T (Figs. 12D,
1-2E)o

S\ETREMI (DB)

FURY OWMBEERBAMEBIZ T » H A, ety FhD
R FH 4B RRIC, FERONENED X UHER
NEOEH OREIMANCIBE L HEEE o T
(Figs. 2B-D, 3A-C, 4B, 4C), #MESLEOLO)B & 'R
ROL)OMBEEUEMBOLRIE, €A o720k 7
AA ML ARRIC Z R ERAMBENEESEREOC) BLU
HEBAIEABFREFIC) %IH L T2 72(Figs. 2B-D, 3A-C).
eF v EP0k s FHAPOMETHERTTIE, BRO
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M B E I NERASER L MR R Eh T, L
»L, SRy OBRETNEBE T T H 7178 BRI,
BB U 72 Bk 0 BB R BEAS SRR 2 AL L CHRE
TEELLEEL 2o THY, BETZEEROFHERM
H(VOF)®D i 12 # #% X h T v % o 72(Figs. 2C, 2D, 3B,
3C, 5B, 5C)o o T, FNKYTH T H A4 L AR
BB HREEICIE, ~X, TaYH4L, ruFaviA,
VY EATE, 4 FEFF, e HFTRLNSHEENE
HLIID AR b H o 72o

BIEERAEME (VB)

IR, TAXHA, raFavHL, VI rILAGF
4 FRAR, < HF TR, BERAEBEITEDE LR
L, EWEMRET 2 £ R0NSITHENE cCHEES 1
TWBRHLSIN UL, 7374 B0 M EECIRERER
BRME I EWEEZ R L2V ERESR TV A, +
NWEYCHT AT AR, SREEAE I AEmE
A 5N H o 72(Figs. 6C, 7B, 7C, 7D, 8A, 8B). %7z,
FURYTHT HH AL BRI, SEERMEMTEBE
WO FEAPE R B ESR T ER L CHETEE LT
T, FEAMEVORNIREVAMEMELTELT, o THE
FEMBEAFRD SN h o 72 (Figs. 8A, 8B)o

K% (BTO, BTI, BTL)

B R SR o PRI ERRE DK, AMEEALEE(OLONT I
MRS ZERIKEBTO)DS, WEBMNIEILDIC IZNEENIELR
BBTDATHRE S T2 (Figs. 1-1, 2B, 3A, 4 THHD
HEEIL, BlRLAEERTERINTY A, 60T, &
REOEMIZ, FiIAOMMETHDONIEL ZoTW
7z(Figs. 2C, 2D, 3B, 3C)o —7, PIEEAIEE(OLI) & M AZE
(LO)O¥I, WIMBSIAERREBTL R ST
(Figs. 1-1, 2B, 3A, 3D, 4B-E)e ¥V RIYCH T HH AV LR
RIS, PISMERAL PO BERE ST I3 AR AL 3E &AM E D F R
THERL S TV 7=(Pigs. 4B-E9A-D), fit- T, WHMESK
REEBOKTS, HMAOHRBCLTEDPR TV
(Fig. 3D)o THHT ENE, 3DODREHIZMETHREL
BN T 2RO TCERTAMBETHL I LVHLDITD
5,

SRTEREREME (ICM)
FVEYQONELNEOBIT AT AP Bk, #7
R B ER(VB) i < TN ERE CBE VIR

NTWw/2(Figs. 7TBD)e LA L, 7AF 4L AR RS
R B ERDB NS < &, PR & SR DGR R 1L 5 R
FEBCHAS S NFIS, BER TV 72(Figs. 11, 4C, 6D)o TN
FaxXH4, yaFavhi4, VI IL45E, eFUF,
FETFHA, 4 FFFRTHF TR, BEEEEEITA
ELNEOMYT BEMAOMEERE L TWEY, L

L, ¥Ryl 7ATAEABICHRO - HEEL R

%o T, BEREMEZESTOMT T 2 BEROM &
L Tw»7z(Figs. 7B-D, 8A-C)o

S8R UE5R (IEF)

TAFABIFTABDKR Y &< A Glycymeris
glycymeris BEXUTAH AR A ¥231) 7 2 H 4 Area tetragona
DN IES L CVHEREOLRICIE, SARMESZEDN
TwaY, i, 1 9L XY FTAROZMAFT
i, FEE R E IR & (respiratory expansion) & FEIEN 5
B3 LB IEER S RN E B X MR O £k 02
HHEICERLTWES, MLf s Y FIHoets¥e
RYTHATH, PEESNEDS L UYMHERE DO EH% DI
R EERETEIPREARE L Tn 520, vRy T
b7 AFTADEFABRIC, SERIIRFNEESES X USMRA
ORI b /2(Figs. 4B, 4C, 6D), LA L, &K
TTRTAAAVEERIC, SRIREFEROETIR
B L T/ (Figs. 4B, 4C, 6D).

PRy QERIER 7 A H AV BRIZ, BIRROA 5
¥HABROZMBEL Bl o THENESL XL UONERED
FERAFE A HERZERE AR SIS E T I - TIRAIR L 2 1)
(Figs. 1-1, 4B, 4C, 6D), FURIEAEM L CHBEANES &
UHMBNFEIZE B L IEHITHR %2 o T 2(Figs. 4B, 4C,
6D)o FNRY TRT7 H A AL AR, SRIRRISERER
o ABEIRABV) & U 5 i 38 1 8 45 i & B %
(LICV) L BELAROBICER L TV (Figs. 4B, 4C, 6D, 9A-
D)o HURILEOATIE, “HOBETRENLHEET, W
S & 63 A MRS 2 B 2 M & 2o T
7z(Figs. 2B, 4B, 4C, 6D, 9A-D)o

ERREERAR (IFY)

PR QBRI T A HF AL RIS, REEOLTY
FATA0RL Y XA 2 2"D LI ITEESROFHIZEA
7EH % 7R L 72(Figs. 5B, 5C, 5E, 8A-Co %7z, BE#ET 2
HHAOMIET AL FRC, BREERBERAL
THEFE(CL) THE% L T\ 7=(Figs. 5F, 8B, 8C, 10C, 11C-Fo
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TR, TAXHARZTF 3T H AT, ERORIIAR
T AHERICEIRICE Y B o 7R MR L CHETE
BLTWABY, Lal, ARy TlE, BUARBMEREIE T
HH AL THF AL HAOL @RI, RS REERON
FHEM, SRS ECEE L -HBELREETH -7
(Figs. 5F, 8B, 8C, 10C, 11C-F)o SEEHEMEMETY, ¥
FEBEWIEABERTEEE L TRETEREL T
(Figs. 2C, 2D, 3B, 3C, 5C), SRIEFMREMIRTD, FARICH
SRR ER & TR L THEEE CHlilks L T2 (Figs. 7B, 8B)o

(=4 50 S
YURTOBIET HHAY, 2THFALH AP0 THF
A v aPE ARCRBEZRL, ¥EATERIRTV
(Figs. 7B-D, 8A-C, 10A-C)o 7 % # 4 B O K EAFE T,
FEHARORE % E o T\ 5 RSB KA E(CFC) &
ANHTEE(FFO)CHEL S 1, i IR BELR O ORI,
BEZRZOMBIEELTWAEY, ¥LEITLTIH
AP R, MRS E I EEROREO PRI, M
BIREE 13 2 DT I LB L T v 72(Fig. 100),
HARBHE, SECHIELALKEOKRE REREN I
R LT, i g nmmiB &, M asEidt
BEOMS VBB T 2 BEETHEBTSERE ShTWwd
20 grEle RIS h B T, SRR
K, WNENELRED X OMEN RNZEREEOMTEE
HTERANEEINTHESRLTWAY, LAL, #El
AEHHA~EE N BB T, 7ATARBLUFI<
HTITAROZKREETIE, MOZHAEERR-T,
B BRRMIGEER T2 L HE SR TWEAY,

INLDZ RS, FUETITHTHH AV R,
ST G U 2 LE /N S WREN T I3 MU AT e Cil
HRRBEANEY, FRO=2o0fEROMEBERIZL -
TERNEATHETLLEI NS, TOK, LEOKX
& 7 IR TR T CHEERE B E Y, EBR
RIS LS B,

SEROMmET

SHENCA)DERALTIZ, BRAIMB % %5 ABEHIR(ABY)
EEAR LD MEE R 2T MEFREBVIZEITLT, 8
D& HEE L T2 (Figs. 9A-D)e MIFMESFEERLIE
EEBTLITE, HEEREEERDEVOR) L EELTW
7z(Figs. 4D, 4E, 6B, 6D, 9A-D), ABEEHRIX, <, 73
XYAA, raFavHi4, V¥r3L45%, A 7RFEB

L OV A F OB ZE B A S S A M T B I (R
P LA I 48RRI %S, LICVNZE#E L T v 7=(Figs. 2B, 6D,
9AD)e TNHD T EHS, M AMEERIR D & HE3E R E
REMEREME 2 BH L TEANEON TS I LEHL R
Thbo

H SR B IR AIE O 72 B 8050 S (VORI B R 3EBR 0 N RIS
JE 23 % BUR O ML @R IR I, VIEF) C 53 R H 45
ERE & K LTV 72 (Figs. 2B, 6D, 9A-D), HHLRME
EHURIIRMNMA & OBAEICIE, TH v RETE R M
ENBFF VBCHZ D 5N 7z(Figs. 2B, 6D, 9A-D). L
ML, HECRILE L EERMEFNERNE 2 EKLTD
SRR OUEE, SREEEAE M~ LI o TR & o
T\wW/z(Figs. 1-1, 6A-D)o

AR S 20k T, WEONIELNEDH
T AHETOFEMAIE O ML, 05525 8 & iM%
(VICM) THE# S Ty /2 (Figs. 8B, 8C, 10A). HE3ERE MIJE
B e Z DEL OFBAOHBHEZ R L7 AH AV LR
RRIZ, EAMEEBE VAWML CEEL T (Figs.
8A-C)o

—7J, BESAEMESME Z0EL T, BET HEEA
DOFEBAMBIEIBEVIPYLTEY, BEVWEEKSE
7z A 1372 & iz A - 72(Figs. 2C, 2D, 3B, 3C, 5C),
HFILTRIER BT R E fh #8128 0 o TR 2 Y,
R SETE AR B TR EER & — IS o THEL TV
(Figs. 4B, 4C, 9A-D)o it T, HEIEMTEAS I A AR M2 13 AR
SRR MBI D o THEIRAMBIE TR, 3
00 R gt R TR C B R ME & — IS % o T 72 (Figs.
9A-D) ZNHDOT LA G, WMEBHEME T, Filk
OMBEIERE R TWA EHERNINS,

WERE, PSR TER R S © SR AR iR R
THEEMNRMEICES T TOP 4 TBEVWSHETHES
LTw3%, BEWHFEREL TWz(Figs. 5BD). #-T,
EEHRIMAE L, S SEV-%, BEETHUEBERICE
THNENESERD L NN EAERICEL T TOM
EBEWAERKT S E LMY LTHEEL TSI &S
HohThb,

P EoER S, BIRTOMEE, 74517
12, FIEBEOIHREIGEIE S TRI > T EEXDL
Nbo 2F ), WEOWERFICIE, MIITABEIRAS S 82
FEMERS MBS % 8l L CABAEOIELAB LT
HMBZED ME IR L CHA L, SE3E0EHE thik %
ML TENENREREDO IS 2B L UIMEANFED L



BV R QR 47

HEFNEHBLUTRALC, FHEEOMETNEIEEICE
%o BIEOIERICE, BICHBAEOMESMEDS L U4
MAEOME &K, SEERMBEHBERELTELEN
NEENEOMEEHS X CSHNEOMELMFEICTB L,
HEGRMAE 2 REH U THSERAREL L Tv 5,

=

W 2 A S BUNEICR S L, BREIAER
(IPP) & SMEF(OPPIC B & N7 SR A7 IS BAL B (LOG) %
A 7-ME %R L72(Fig. 12Ab)e (RWTC, EHDEFOFR
IZOA)D ML i L(Fig. 12Bb), OOERIZHEILENVE
(OLNC He & N 723E 2 O EPOG)ASEE OF T v 72(Figs. 12Ch,
12Db), BizHEde L, SEALICIHEE & BRI E AT ERS L7 #AE
&7 L7:(Fig. 13A) EMLTHE & M gD R, ME
THEbITWi(Figs. 13B-E). WEFLINERDONEED,
WETE b T Wz (Figs. 13E, 13F)

AROLNZIZ T HH A L ERRIC, BEMFmembranous
flap of lip®, MFL)2%32 & 1L7=(Figs. 14B, 15C )o B
i, ENOBPO%2B o TREL TR EEZSNTH
D, FURTHIET BT A ABOMS, I H Y TR,
RFTAR, FRETIIIFRTRDOATREY [ ¥
XYHARDA FXHFARed X TiE, HELHAEIER
BADPFE L& SN BRLBROMESHA G o 1ok
MERLTWEY WRLPPUE, ed o Fehs 774
DHVE L E DM LBROBEISHMAGDL S o2k %
TRITHTFEBELCV S, £/, YARTONERIETH
A4, ey FDRRs A4 VLARIC, ZOERVE
AEFFSML) THRBIICE E 8 LTV 72(Figs. 16A, 16C,
18B, 18F). F#EIC, FVEF b SRS/ TR C BRI
EE & T iz(Figs. 16A, 16B)o

PIEHRB X UHWVERONTEICIE, BRIEITI R
F A DO KH R COE 55 A P TR A5 A T AT SR
(anterior fold in palp ridged surface®*® AFR )& BHNH
T 1 R T R 2 B (posterior fold in palp ridged surface®™®,
PFR)4*HEZ & 117 (Figs. 16BD, 17C, 18CF). %72, Bt
RN RN T 2 B RERS TR CERER
PTG B A R it 8 B8 (crest rejection tract in palp ridged
surface®™® CRT) & & 7 4 T 5 8895 % B (deep rejection
tract in palp ridged surface™®, DRT)2SHEEL & 117 (Figs.
16B-D, 17C, 18C, 18D)o Z i & DPEMEBEE CE R ITFEE~
BN BER T, RREIIIRE L 7o TRESHCHE
WHENBEZZONTHWEY, 72, BRIGEIN-B

BRT 2 BEATBRROFANHEES CESERNTER
8 B (re-sorting tract in palp ridged surface®™®’, RST)As
R 3 iz (Figs. 16B-D, 17C, 18C-F)o Z OHERHIEE T
BIINBEBR X, BUOICESERIIMZ O E S
w533,

BEORREY, FARTOEET HH 4D LRI

e F O FEBL Ry FHA L RO LD LEPOREE

ALTWiz, 1) BEFRENEOERINEER Lok
BEIZHE L TR\, 2) ERALEE LSRN 0 8RI121E,
BURILRDRON S JNES LIVER O ImILE
BTENZTNHBERENEBRIIEZ STV, 1) 4MVE
BRSO RO 5D,

C: 3

POV R OERHEE % AR, SRS R th R
IR R PRIE & 5 L v, BRZETHBIE Mk it i
I U W BT E R ASTEHICIE A 7SR % 015,
I B RSB R L SR R MR R i ERAHE Tl & T oA B B
ROBIRET 5. WESZE L SMERZEOERIZ, SR
RASERD BN Do HRIIRIE ABRFRD S HE O 5 8 35 (58
MR & EHAMEOMICEBE L TWa, EROR
i I KARE R, ZOTMICH/NTMELEE L
T, WERENVERORRIIEFIIETERERN
JEHENERICEZE L Tnd. WERLERORMICIZH
MOHEAED, WELIVERICEU7HEM O#A~E 2 - T
Wi, NMEIEBERALBE LTV S,
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Short forms used in the figures

AAM, anterior adductor muscle

ABYV, afferent branchial vein

AFR, anterior fold in palp ridged surface

BC, branchial cavity

BTI, based ciliated tract of inner lamella of inner ctenidium
BTL, based ciliated tract of outer and inner lamellae of inner and outer ctenidia
BTO, based ciliated tract of outer lamella of outer ctenidium
CA, ctenidial axis

CFC, coarse frontal cilia

CH, chitinous layer

CL, cilia

CRT, crest rejection tract in palp ridged surface

CT, ctenidium

DB, dorsal bend of ctenidium

DD, digestive diverticula

DRT, deep rejection tract in palp ridged surface
EBV, efferent branchial vein

EOQ, exhalent orifice

FFC, fine frontal cilia

FIC, fused border of inner lamella of inner ctenidium
FOC, fused border of outer lamella of outer ctenidium
FT, foot

ICM, interlamellar connecting membrane

IEF, interlamellar extension of filament

IFS, intra-filamentar septum

IF], interfilamentar junction

IL, inner lip

ILL inner lamella of inner ctenidium

ILO, inner lamella of outer ctenidium

IPP, inner palp of labial palp

LCL, lateral cilia

LIC, left inner ctenidium

LICV, vessel-like interlamellar connecting vessel
LOC, left outer ctenidium

LOG, lateral oral groove

LP, labial palp

MFL, membranous flap of lip

MT, mantle

OA, oral aperture
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OF, ordinary filament

OL, outer lip

OL], outer lamella of inner ctenidium

OLO, outer lamella of outer ctenidium

OPP, outer palp of labial palp

0OS, oesophagus

PAM, posterior adductor muscle

PFR, posterior fold in palp ridged surface

POG, proximal oral groove

RB, red blood cell

RST, re-sorting tract in palp ridged surface

SBC, supra-branchial cavity

SM, suspensory membrane of filament

SML, suspensory membrane of labial palp

ST, stomach

VB, ventral bend of ctenidium

VICM, vessel of interlamellar connecting membrane
VIEF, vessel of interlamellar extension of filament
VM, visceral mass

VOF, vessel of ordinary filament

- FHEEES

X

EES
SV

PaBESL 2

Shmpt

SVESR

il

8 PR

A TR N T R
SE O

Hrilu sk

B A T B
B L
SRR
BH

E

BRI 5
5 P T
BRI
Pl

EEA M




VR OB o

Fig. 1-1. Oblique sections of the soft body of the ark-shell Scapharca kagoshimensis. Red lines in the upper-left small figure
represent the cutting-plane lines. The soft body was sectioned in series within the limits from A to E lines. The
figures continue alphabetically from Fig. 1-1 to Fig. 1-2. Figure A shows the part of four supra-branchial cavities
(SBC). Scale bar = 1 mm. Azan stain.
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Fig. 1-2. Oblique sections of the soft body of the ark-shell. Figures B, C, and D and E show the parts of three, two and
one SBC, respectively. Scale bars = 1 mm. Azan stain.
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Fig. 2. Horizontal section of the soft body of the ark-shell. Red line in the upper-left small figure represents the cutting-
plane line of the soft body. Figure 2A shows the cutting plane. Figure B is magnified view of the bottom of the
ctenidia in A. Figures C and D are magnified views of the fused border of inner lamella of inner ctenidium and
the fused border of outer lamella of outer ctenidium in B, respectively. Scale bars in A and B = 1 mm, and the
barsin C and D = 100 xm. Azan stain.
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Fig. 3.

Oblique section of the soft body of the ark-shell. Red line in the upper-left small figure represents the cutting-
plane line of the soft body. Figure 3A shows the cutting plane. Figures B, C, and D are magnified views of the

fused border of inner lamella of inner ctenidium, the fused border of outer lamella of outer ctenidium, and the
based ciliated tract of outer and inner lamellae of inner and outer ctenidia in the right ctenidia of A, respectively.

Scale bar in A = 1 mm, the bars in B-D = 100 g m. Azan stain.
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Fig. 4. Oblique section of the soft body of the ark-shell. Red line in the upper-left small figure represents the cutting-
plane line of the soft body. Figure 4A shows the cutting plane. Figures B and C are magnified views of the
bottom of the left and right ctenidia in A, respectively. Figures D and E are magnified views of the based ciliated
tract of outer and inner lamellae of inner and outer ctenidia in B and C, respectively. Scale bars in A-C = 1 mm,
the bars in D and E = 100 #m. Azan stain. 5
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Fig. 5. Horizontal sections of the soft body of the ark-shell. Red lines in the upper-left small figure represent the cutting-
plane lines of the soft body. Figures 5A and D show the cutting planes. Figures B, E, C, and F are magnified
views of the dorsal bend of outer ctenidium in A, the lamella of inner ctenidium in D, the dorsal bend in B, and

the interfilamentar junction in E, respectively. Scale bars in A and D = 1 mm, the bars in B and E = 100 x#m, and
the barsin C and F = 10 g m. Azan stain.
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Fig. 6. Oblique section of the soft body of the ark-shell. Red line in the upper-right small figure represents the cutting-
plane line of the soft body. Figure 6A shows the cutting plane. Figures B, C, and D are magnified views of the
bottom of left ctenidium, the ventral bend of left ctenidium, and the right ctenidia in A, respectively. Scale bars =
1 mm. Azan stain.
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Fig. 7. Transverse section of the soft body of the ark-shell. Red line in the lower-left small figure represents the cutting-
plane line of the soft body. Figure 7A shows the cutting plane. Figures B, and C and D are magnified views of the
ventral bend of the right outer ctenidium, and the ventral bend of the left outer ctenidium and the left inner
ctenidium in A, respectively. Scale bar in A = 1 mm, the bars in B-D and E = 100 xm. Azan stain.
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Fig. 8. Transverse section of the soft body of the ark-shell. Red line in the upper-right small figure represents the
cutting-plane line of the soft body. Figure 8A shows the cutting plane. Figures B and C are magnified views of
the ventral bend and the interlamellar connecting membrane in A, respectively. Scale bar in A = 1 mm, the bars
in Band C =100 um. Azan stain.
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Fig. 9. Oblique sections of the bottom of the ctenidia in the ark-shell. Red line in the upper-left small figure represents
the cutting-plane line of the soft body. Scale bars = 1 mm. Azan stain.
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Fig. 10. Cross sections of the lamella of the ark-shell. Figure A, B, and C show the interlamellar connecting membrane (ICM),
the vessel like inter-lamellar connecting vessel and ICM, and the interfilamentar junction and the ciliary system
on the ordinary filament, respectively. Scale bars in A and B = 100 x#m, the bar in C = 10 #m. Azan stain.
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Fig. 11. Horizontal section of the soft body of the ark-shell. Red line in the upper-left small figure represents the cutting-

plane line of the soft body. Figure 11A shows the cutting plane. Figures B, and C-F are magnified views of the

bottom of lamella in A, and the interfilamentar junction in B, respectively. Scale bar in A = 1 cm, the bar in B

1 mm, the bars in C and D = 100 xm, and the bars in E and F = 10 xm. Azan stain.
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Fig. 12. Transverse sections of the soft body of the ark-shell. Red lines in the upper-middle small figure represent the
cutting-plane lines of the labial palp which was sectioned in series within the limits from A to B lines. Figures
continue alphabetically from A to D. Figs. Ab, Bb, Cb, and Db are magnified views of the part of the labial palp
in Figs. Aa, Ba, Ca, and Da, respectively. Scale bars = mm. Azan stain.
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Fig. 13. Transverse section of the soft body of the ark-shell. Red line in the upper-right small figure represents the
cutting-plane line of the labial palp. Figure 13A shows the cutting plane. Figures B, C and D, and E and F are
magnified views of the oral aperture, the proximal oral groove, the lateral oral groove, and the outer and inner
palp of labial palp in A, respectively. Scale bar in A = 1 mm, and the bars in B-F = 100 x m. Azan stain.
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Fig. 14. Horizontal section of the soft body of the ark-shell. Red line in the upper-left small figure represents the cutting-
plane lines of the labial palp. Figure 14A shows the cutting plane. Figure B is magnified view of the proximal
oral groove and the membranous flap of lip in A. Scale bar in A = 1 mm, and the bar in B = 100 um. Azan
stain.
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Fig. 15. Horizontal section of the soft body of the ark-shell. Red line in the middle-left small figure represents the cutting-
plane lines of the labial palp. Figure 15A shows the cutting plane. Figure B, and C are magnified views of the
right ctenidium, and the membranous flap of lip and the oral aperture in A, respectively. Scale bars in A and B
=1 mm, and the bar in C = 100 xz m. Azan stain.
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Fig. 16. Oblique section of the soft body of the ark-shell. Red line in the upper-left small figure represents the cutting-
plane lines of the labial palp. Figure 16A shows the cutting plane. Figures B, C, and D are magnified views of
the suspensory membrane of filament (SML) of the outer palp of labial palp, SML of the inner palp of labial palp,
and the ridged surface of outer palp of labial palp in A, respectively. Scale bars in A and C = 1 mm, and the
bars in B and D = 100 x m. Azan stain.
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Fig. 17. Transverse section of the soft body of the ark-shell. Red line in the upper-left small figure represents the cutting-
plane lines of the labial palp. Figure 17A shows the cutting plane. Figures B, C, and D are magnified views of
the left labial palp, the ridged surface of outer palp of left labial palp, and the right labial palp in A, respectively.
Scale bars in A, B and D = 1 mm, and the bar in C = 100 x m. Azan stain.
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Fig. 18. Transverse section of the soft body of the ark-shell. Red line in the upper-right small figure represents the
cutting-plane line of the soft body. Figure 18A shows the cutting plane. Figures B, C and D, E, and F are
magnified views of the labial palp in A, the ridged surfaces of outer and inner palp of labial palp in B, the lateral
oral groove of labial palp in B, and the suspensory membrane of filament of the inner palp of labial palp and the
filaments in B, respectively. Scale bar in A = 1 c¢m, the bar in B = 1 mm, and the bars in C-F = 100 zm. Azan
stain.



