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Anatomical Structure of Ctenidium in the Japanese Razor-shell
Solen strictus (Mollusca: Bivalvia: Eulamellibranchia)

Ken-ichi Yamamoto, Takeshi Handa ! and Akira Araki

Abstract : The structure of the ctenidium in the Japanese razor-shell Solen strictus was examined. The
outer laminae and the inter laminae were connected at the base of the primary filaments opposing at
regular intervals by the inter-laminar connecting vessel, and were connected triangularly from the food
groove to the inter-laminar connecting vessel by the inter-laminar connecting membrane. The primary
filaments and the ordinary filaments were jointed by the inter-filament connecting membrane which
spread semicircularly. From the results, the gill type of the Japanese razor-shell was classified with the

heterorhabdic pseudolamellibranch.

Key words : Japanese razor-shell; ctenidium; food groove; heterorhabdic pseudolamellibranch; inner-

filament connecting membrane; inner-laminar connecting membrane
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HEOMEEX, YA ZXAAHYTAZAHAIEOY
¥ K A Pinctada fucata martensii, > O F a 7 H A
Pinctada maxima 3 X SNKRTFHARBDH A 5 F Pinna
japonica, { > HAHA > HABROArFaviAa
Hyriopsis schlegeli THRIN TS ™Y,

HHE L, HHEOW - fERSCHEICHT 2R 2ED
5 L TOREBERZAE2HNT, EEMTIIHEREI I
FAFD 7 O7 T ¥ Haliotis (Nordotis) discus discus 35 & T
Y IR DY Y T Turbo (Batillus) cornutus, — AL M TIX
A HAAEHA AR OL T Y F AT A Mytilus
galloprovincialis 3 X O\ T8 F-1 > O Septifer virgutus, 7
JAZXHABIITA ZHAROT AV A, ryaFavi
- Pinctada margaritifera 35 & N /X Preria penguin, 715 H
AV HARDKRY T HA Patinopecten yessoensis 35 & O

A & K HFF O H F Crassostrea gigas, 1 % 18 5 F
Ostrea denselamellosa, <)V AT L HAHFTIYIAROT
7 F H A Sinonovacula constricta O #EREE 2B S MIT L
= AHAER Y T A A HA HOMEEIT SR IHRT
THAEIN/RMERZ R, FH TIESHR DR O
CHAS SN EZRL TV, YIVAYLHIHD
TRFIA B J1F H ERRRITEHURAIEAR O AR T S
SN AR L T e,

ARFRTE, 7 FAA EEUSIVAY LA HICH
BT DT HARD T HA Solen strictus D HEREE 2 i35
B X CHEEMICHS M U, faB, SEdms 0
IZhEo 7o

MHBELVAE

FERRITIE, #BE 105 £ 4 mm (EHHE L EERE)OT
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" Hi& 5% (Corresponding author): handat@fish-u.ac.jp



205 thcE—, FH

THAA 20 EERZER W, T HAE, KERFARDOHA
B BRI AT < DWW N TEREL, 904 M OfEfL
RT3 LIKIEHR VT 2~4 R RE I U CHRIKEL 2 (R
S, Davidson # ¥ THEE U7ze KA D BIZRITFARBAM
BiTIT o 7o MR DBERIL, HIEITHES TNT T 1 IR (10
um) ZAER LT Y@L, EMEMEETiioz 7,

ERELUVER

NERE

HEIR MT) 1Z7 7~ F 00 D SRR, EHIBICHET
7eig (FT) 29 H#3 Z2RW T, B2z > T
7z (Fig. 1)e AJKEE (IS) B X UIHIKE (ES) &, A ERD—
EARE D Lo TEEBKR L2 L8> T (Fig. 2A-
C)o AKEIIHERE (MC) & DERIZAKTT (V) 2, HIKE
TR 2 A U 7K 2 K O AR 9 B (SBC) & D8
IZHIKFR (BV) 2 2 Tz (Fig. 20). FhEEKE & 6l Eg,
8 (CT) LN S HUZETERITET SN TWE
(Figs. 2A-C; 3B). SRV S & THEENIZEIE ANTZIR
RETHIAERENDOK 12 DES % &8 TV (Fig. 3B).

B REEEB

filf (CT) 137K (IS, ES) DI, 5 2 (FT) DFEEEE TIC
EHRANC BB L TW iz (Fig. 3B), ZMESLEE (OLO) Ol
I DEER M & 7KE DI F T ORKRIIER (MT) 12
SIS BE G % (FOC) THEAE L T/ (Figs. 2B, D; 3B-D),
Lol, ROEMH? S EEBRN (PAM) £ TORMTI,
SN EE (ILO) & PNEESLEE (OLI) DEED ALE#IR (ABV) B
K O EERIR (EBV) OEBAT (0, CA) X NIRBLIC R L
Tz (Figs. 4-1B; 4-2A-C), F7=, WHENZE (ILI) O il
B ® PSR I PN PN SRR % (FIC) THEFE L T W /& (Fig.
4-1B). > T, ZOXMETIL, 8 EFE(SBC)IZLADEE
EEDHLEE (LOC, ROC) &NZEE (LIC, RIC) IZ& 1 KDDDH
FHAEDMR SN TV, BB (PAM) DA T,
i (CA) WXNREBRIC 3235 L T W 728, INBENEE (ILD) 13N
lEHE 2 S BEN T, A OWNEINZE (IL) [F LAY A NN
A % (FICB) TH# L Tz (Fig. 4-2A-C), #E> T,
HEAR M OISR T, i EFE (SBO) 1324 DAl A) 3
(LOC, ROC) IZ 1 AT D & 24 DNHNEE (LIC, RIC) 12 1
KDEF 3 AN ST W7z (Fig. 4-2A, B), BEARRIT
5KEDEFBORKRMTIZ, WNETNZE (ILD IZNBESEA S B
NT, LEHRONENIER LA R NN EE S35 (FICB)
THEL, il (CA) NIESED 5 B Tz (Fig. 4-3B,

Q). M- T, ZOKMTIE, #f_EFE(SBO) X1 ATHEMNK
ENTWE (Fig 43A-C)e ZDEDIT, YT HA Ol L
WA OEIENEERL T 1 A&7 > TH/AKOIZHER S Y O
YHA?, raFavia eI LEKOMIEE R
LTWe, iz, SMESESRER (FOC), WANNIES R
(FIC) BLUELANMNIESHE & (FICB) AT HF1 1A
DOATHFRAAY, FaAVHAY, ruFavHa 0
PR EEKRIT, MEYEC BRI S NIEH D D W
IZEHEER LAY (MV) TR ST /& (Figs. 6C, D; 7B,
Q) ZOXDRKEEMNS, YT HA DEIL S YFAH
A7 LSYF2ad vavH4a?, raFavsiA
Do R Y LRI, FENEROAERD LA T
ICHEE S B2 Z EMBH TH o 77,

BRI

SERTEAR S ICV) E~ T A1y av 1 ?, vo
FavAq?, R IHFY, A SRAF 0TS
RFAA Y CFEBRIC, EMROBABICNELIEDHE
B2 A LT 7z (Figs. 3C, D). BIEERIHERERE (1ICM) b &
O SE R A (L8 D ERAL VS, e (FG) 7 5 Rl If
T TORIC=AITIER L Tz (Figs. 3E; 4-1A, B; 4-2A-
C; 5B-E).

LS

f¥Ex, yavHhH«?, ruoFavha?, wxX %
HED, AFRAF V7 F<F 010D LKk, El
A (PF) ETARDHEMA (OF) 2 —fl & LTI TN
7z (Figs. 5B-F; 8A), LU, %R0 —FHOEHR EHER
DB LRUORHMROENIT AV HA ), vO0Fawia
O R LR ST, MR U 72 60 5% R s
(FCM) T E X 11T W7z (Figs. SB-F; 8A, B). fill X 38 &k
i, <AHFD, AFRHFPRT7FF A1 D THR
HENTWD, > T, LITFAHAT, LITFA >
a% 7avhH«a?, suFaviiq Ve ToMR
2 [EE L T2 MREFRIE, <701 T~ i+ ",
AZRAF T IFIFHA D LRAKICRD SN
7ze

Dufour and Beninger™ {3, A FED D ILAREE 2 N
B L ALK 2 H R DR & Interlamellar junctions( i
HERHERS ) Tk L T % Homorhabdic filibranch, P &
SIEDMRT 9 2 FER Oz MHEEHERS THA L, Bl
72 E R D & B D & 5 24k (Ciliated spurs) THEA L
T % Heterorhabdic filibranch, [ % U 7= % il 5k O [ %
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Interlamellar junctions( il A M EH A5 ) THE A L TWw 5
Homorhabdic eulamellibranch, PNHE & 45 D AH K 9 % 32 8
RO & SRR THE L, B L 2RO M 2 £R
filELE CTHEA L T % Heterorhabdic pseudolamellibranch O
ADDHRIZ T TWD, ZTHNITHED &, T HAIE,
Homorhabdic filibranch iDL T HFA HA 7 L THF
+ > Y 3B & U Heterorhabdic filibranch ii& D 7 ¥ 11 2,
7OFavfq4 Vo ER gD, AFY, A ¥R
HFEWL T 5 < FH A& [ K D Heterorhabdic

pseudolamellibranch f#i& 2 /5 U 7=,

EREDME

AR (OF) 1Nl 2 # MR L (VOF) 23, E#% (PF)
T3NS 2 R M (VPF) 8 E1T L T W /= (Figs. 5C-E;
8A). fEIEMIHEALEL ICM) X, TaA VA", raFav
HA RN IR, PO 42 A% 8T R S A
B (VICM) £72->TH D, HEONIELNEDOHNT 2 E
A% (VPF) DR 28k L T U /= (Figs. 5C-E; 8A), fili4
T 3 6 i (FCM) ®, PN oD 4 T 0% A S5 Pl 3o 5 8 of 5
(VECM) & 725 Tz (Figs. 7D, E; 8A, B, D), fill SR i ik
FEIE (VFCM) 13, M IR U 7= R MBS (FCM)
EHEMITZD S 2 TEAOFEMRINE (VOF) BLU2 &
D EMRIMIE (VPF) &G U, [FRE I 52 [ 58 4 I ifn 45
(VICM) & HHifE L Tz (Fig. 8A). BWIH (FG) DEEERIC
W, 7avHAq0, svoFauliq Ve x Y SR,
B EHEE S (VEG) 23 L T/ (Fig. 7D, E). 20D
FYEREE M ~1E, BRSO NEE &AL O H HDR s
(VOF) 2341y & ey 2588 5 K O ik L, RuioRk
oo HEM (fEE, BC) O HE THEEDNIE L/ EDE
IR (VPF) 28 1 D & 755 TEfs L T /= (Fig. 6D; 7D,
E)o

NG OEENSHEETOMRZHENT 2 ERDE I
25, IMiklE, ALEEIR (ABV) 7 5 SEEEREAE M (ICV)
Z ki U COMIE 0 S AL B2 IEERHEE 1 E (VAO) & N D
PR PN SRR AR A 1 55 (VAT) NI A9 5 (Figs. 3C; 4-1A, B).
A\ AN BE R HEE 1B 2 5 1344 8E (OLL & L < 13 OLO) ©
FEMCR M (VPF) & H SR M (VOF) ., A fill Py 2 5L
MEE M 0 SIENEE (ILL B U <13 ILO) O FM R M E & H
RIMENFTWAL, &HITEME FG) N> THN S,
WP, EAERINE 2 A D MHE O — H v A B R A 5 1
(VICM) NEA& LT, A9 2 320 EMR M (VPF) N
WAT, HEEEIR (EBV) NiRH T 5. SURMEEE (FCM)
DEALTIE, EERIMAE &H RN 2N 5 kO —if
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VMRS (VECM) NREA L TRA L 72512 F 41
RIME & HHRMEANRD, SRMEEIREGIC 2 ofh &
BOIRLT, BmEAE-> THRNS, ZoOk, FEfRiMmE
(VPF) 7% filfl & R 3ol 65 62 1457 (VECM) & ikt U 7= 867 T,
FHAR M O M9 D — 13 AN R e A5 B 1M 7 2 3 T AH
T HMERETT 2 EMARMENEERKL THN S, 72,
H R M (VOF) 70 5 fill 54 B E % IR I (VECM) Nt A
U 7= MR D —H8 S EMSR M (VPF) 2 fé 1 U TS S
JEIM A (VICM) NI THHN 9 2 BB 4E 2 B 179 2 AR
BALEK L THN D (Figs. 5, 8). &M% (FG) TlE, #+
B O EMUORIMAE (VPF) & H R MM (VOF) 2/t L 7z il
WA B IEMEE L (VFG) TIRG LT, WO EMRIMm
BEHMAMEANRND, 25O FMARIMNE &R i
BN, —EIS R RS E (VFCM) i
AU TRE U BITNEE D F MRS & MR i~
N, HRFEERE (FCM) 12 20 280 R U THE
Flk (EBV) NS %, A T, MRS M (VECM)
ZHERE U ik A U TR IR~ S 5,

B BYE

WA (OF) & £l (PF) OG22 AR5 &, ThoD
AT RTETE (FCL) T&EDN, ML (LCcL) 25, &
T & T O H RN AIFTEEE (LFC) 27388 & 7z (Fig. 8A-
Q).

B (FG) 13, & HESZ0 Mg MIRihE 2 12 IFF U g o %
RICEFFL Tz (Fig 5A). Mgz R2 &, 7aviho
O raFaviiq O LB, SEEENEDR
HR (OF) 34 5L < JREE L TRMICHEE L, FM
3k (PF) A3 £ Wi O FE8 00 S D A5 30T 12 K U 72 s
%R L CWwiz (Fig. 7D, E). B OEMIIME (CL) THE
DN TW/= (Fig. 7D, E).

BR#

HEIRITEET IS D HEIRIT S AL B K 7# (BTO)
7, HMIEGE & NEESE D 2 AT NSRS N BE L (BTL)
A, NEEZEDEIIINAENZER R BT BEE S T
7z (Figs. 4-1B; 4-2A-C; 4-3B), filfktew A2 &, HILIEKHE
WB7avHq?, saFaviaqa 0o LRI
FIEMHETE (CL) TEDN TV (Fig. 7C).

IR

£
BFP (LP) 13, 0 %% FEF (LUL, RUL) & FE#
(LLL, RLL) T & 51221 1k 2 EA MO % R
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L 7z (Figs. 9D; 10B), N DIEI7 D2 EHRIZMIAL 113 (LOG)
2R L, BRICE<E (L) D3I # (POG) 2F
LT, HROMO A NELEAENSH RS TWiz (Fig
oD). FFr, MIOLOEE, EALOEE, BB IUODoREE
2 THEE (CL) TEbHN T/ (Fig. 10C, D),
RTAAEMORABENRUEN-P 2T T+
Crassostrea virginica 1%, FfEXR & H HER O Il E THURRH
ZEET KM ERL I L, K ORER T & WIATHEE T
P2 U THARIZHE 8, IR O AT E THEZE O JL R AFE O,
WHRORBETRDFENEATNDS 2, 20X
BRI OMEMIT, YaATVHITHHSNTNWSE Y, Zhb
D EMS, ITHAITMZETHE L ZRERTZ LD
DIEML THAEL TWD LI NS, MIETHIEL
TR 1T, BNZE O MR (PF) TlIaAl#kE (FCL) TH#:
JEE# (BTO, BTL, BTI) NER, FRERLFAIK E WSO
P U 72 IR+ D B WERITIE, ﬁﬂ%wm@ﬁm%
(FCL) C, FEMUR TS & SO ALE T 2 B
(FG) NER, BIEFED L ORYFE EIIN - REh 1713,
WITNBHER (LP) NEITNTERICEDNS, BFHROM
{7 0 (LOG) 7 68 OITAL I3 (POG) Z#2H L T (0A)
HIINTHAINS, LaL, BRTIEKSIRIKERT
AR E B A DBRER T, BROME (CL) T
BERIE (RP) NEITN, #HEE L TEROAAEH I N
% (Fig. 9B-D),

T AA DUEIREIE Z Tz, NEE LS ZEDNY D T M
H D AR D[RV A D B AT AT AT 5 A 1f 4 C o
L TWe, MRZERTEEEIEIE N EE A EE DR 9 2 BA D
FHCROMIZ, BV S MHZERERE 0 E £ T=MATBIC
JEBL Tz, EREEHEROMDB IO ELROMIX
IR U 7z iR THE SN T, ko
WoE 5, % 7 A A @ fll 13 Heterorhabdic
pseudolamellibranch #i&E Tdh % & HIE L /2.
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Short forms used in the figures

N5

BC, branchial cavity fill jpe

ABY, afferent branchial vein

BTI, based ciliated tract of inner lamina of inner ctenidium

PRI PR B L I
BTL, based ciliated tract of inner and outer laminae of ctenidia
PSS R ZE L I
BTO, based ciliated tract of outer lamina of outer ctenidium
ST SEEL R
CA, ctenidial axis ity
CL, cilium ke
CT, ctenidium il
DD, digestive diverticula A
EBY, efferent branchial vein Hi R AR
ES, exhalent siphon K
EV, exhalent valve HkFp
FCL, frontal cilia AT
FCM, inter-filament connecting membrane A X P L s
SR IR T 0 5 A
FG, food groove Wi
FIC, fused border of inner laminae of inner ctenidia
RN EE & A
FICB, fused border of inner laminae of inner ctenidia of both sides
F G NN SE 5 78
FOC, fused border of outer lamina of outer ctenidium
SMIBANE BB B
FT, foot &
GD, gonad AT R
ICM, inter-laminar connecting membrane i e A
ICV, inter-laminar connecting vessel R R 1
ILI, inner lamina of inner ctenidium PRI PN 3
ILO, inner lamina of outer ctenidium PaS HAES
IN, intestine W
IS, inhalent siphon AIKE
1V, inhalent valve NS
L, lip V=3
LCL, lateral cilia {HIH%
LFC, latero-frontal cilia LilEng s

LIC, left inner ctenidium e N
LLL, left lower lip g
LOC, left outer ctenidium MR
LOG, lateral oral groove EIFL AT i
LP, labial palp =T
LUL, left upper lip kE LE
MC, mantle cavity SV EIE
MT, mantle LB
MV, microvilli e
OA, oral aperture ]
OF, ordinary filament R
OLI, outer lamina of inner ctenidium N5
OLO, outer lamina of outer ctenidium AL E
OS, oesophagus JERC]
PAM, posterior adductor muscle PR A
PF, primary filament FAER
POG, proximal oral groove SR ANPE
PP, papilla fRiRgek
RIC, right inner ctenidium HiN
RLL, right lower lip Fal =51t
RP, ridge of palp & B I
RUL, right upper lip G EER
ROC, right outer ctenidium P 4N
SBC, supra-branchial cavity filfl e
SRM, siphonal retractor muscle KE G
ST, stomach =

VAL longitudinal vessel running along the base of inner lamina

of inner ctenidium A8 A 202 S A T
VAO, longitudinal vessel running along the base of outer lamina
of outer ctenidium S AT LR A A i

VFCM, vessel of inter-filament connecting membrane
S A D e A i 57
BV g

VICM, vessel of inter-laminar connecting membrane

VFGQG, vessel of food groove

L [ e S 1f
VOF, vessel of ordinary filament R
VPF, vessel of primary filament FEMRIME
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PSS

Fig. 1. Outside views of the soft part in the Japanese razor-shell Solen strictus. A, The soft part; B, Inhalent and exhalent
siphons; C and D, Foot and mantle; a, Left side view; b, Ventral view; c, Right side view; d, Dorsal view. Bars = 1
mm.
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N,

Fig. 2. Horizontal sections of the soft part in the Japanese razor-shell. A-C, Inhalent and exhalent siphons; D, Supra-
branchial cavity. Bars in A, B and D =1 cm, and bar in C = 100 um.
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Fig. 3. Horizontal section of the soft part (B-D) and cross section of the ctenidia (E) in the Japanese razor-shell. A, Left side
view; B, Right side view of horizontal section; C, Dorsal view of the ctenidia; D, Left side view of the ctenidia. Bars
inAand B=1 cm, and bars in C and D = 1 mm.
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Fig. 4-1. Cross sections of the ctenidia near the labial palp in the Japanese razor-shell. Cross red lines in the middle-left
small figure show the sections of the soft part. Bars = 1 mm.
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Fig. 4-2. Cross sections of the ctenidia near the posterior adductor muscle in the Japanese razor-shell. Cross red lines in the
upper-left small figure show the sections of the soft part. Bars = 1 mm.
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C

Fig. 4-3. Cross section of the ctenidia between the posterior adductor muscle and the exhalent valve in the Japanese razor-
shell. Cross red lines in the upper-left small figure show the sections of the soft part. Bars = 1 mm.
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Fig. 5. Vertical sections of the ctenidium in the Japanese razor-shell. A, Food groove; B-F, Vertical section of ctenidium; G
and H, Inter-laminar connecting vessel and branchial cavity. Bars in A-F = 100 um, and bars in G and H =1 mm.
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Fig. 6. Cross sections of the ctenidia in the Japanese razor-shell. A, Cross section of the soft part; B, Magnified view of the
right and the left ctenidia in A; C, Magnified view of the right ctenidia in B; D, Magnified view of the left ctenidia in
B. Azan staining. Bars in A and B = 1 mm, and bars in C and D = 100 um.
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Fig. 7.

Cross section of the ctenidia in the Japanese razor-shell. A, Cross section of the soft part; B, Magnified view of
the left ctenidia in A; C, Magnified views of the based ciliated tract of inner lamina of inner ctenidium (BTI), the
based ciliated tract of inner and outer laminae of ctenidia (BTL) and the based ciliated tract of outer lamina of outer
ctenidium (BTO) in B; D, Magnified view of the food groove of the left inner ctenidium in B; E, Magnified view of
the food groove of the left outer ctenidium in B. Azan staining. Bar in A = 1 mm, and bars in B-E =100 /£ m.
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Fig. 8. Cross section (A-C) and vertical section (D)of the filaments in the Japanese razor-shell. A, Ordinary and primary
filaments; B and C, Magnified views of ordinary filament in A; D, Inter-filament connecting membrane. Azan
staining. Bars in A and D = 100 x#m, and bars in B and C = 10 um.
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Fig. 9. Labial palp in the Japanese razor-shell. A, Dorsal view; B, Right lip pulled apart to reveal the internal construction
of the labial palp in A; C, Left lip pulled apart to reveal the internal construction of labial palp in A; D, Ventral view
of the labial palp. A part of the foot between the right upper lip and the left upper lip is removed. Bar in A =1 cm,
and bars in B-D = 1 mm.
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Fig. 10. Cross section of the labial palp in the Japanese razor-shell. A, Cross section of the soft part; B, Magnified view of
the right and left labial palps in A; C, Magnified view of the ridge of palp in B; D, Magnified view of the lateral
oral groove in B. Azan staining. Bar A=1 cm, bar in B = 1 mm, and bars in C and D = 100 xm.



