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Anatomical Structure of Ctenidium of the Razor-shell
Sinonovacula constricta
(Mollisca: Bivalvia: Eulamellibranchia)

Ken-ichi Yamamoto, Akira Araki and Takeshi Handa*

Abstract : The structure of the ctenidium of the Razor-shell Sinonovacula constricta was examined.
Each space between the principal filament of the outer laminae and one of inter laminae was
connected at the base with the inter-laminar connecting vessel, and was connected with the inter-
laminar connecting membrane which spread triangularly from the food groove to the vessel. Each
semicircle space surrounded with the principal and the ordinary filaments was connected with the inter-
filament connecting membrane. From the results, the gill type of the Razor-shell was identified as a

Homorhabdic eulamellibranch.

Key words : Razor-shell; ctenidium; food groove; Homorhabdic eulamellibranch; inner-filament

connecting membrane; inner-laminar connecting membrane.
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W akd 5 ETOEABREREFSENT, 1 A1BAH
AR D LS+ HA Mytilus galloprovincialis B&L UL T
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AEE M) 1T, 2 FT) Z2HITBEHEBICRN TN
LN, BREHOLEEE > TWi (Fig. 1A, G AK
FAS) EHAKE (ES) D, NEED -EHMAED L>TE
ERR LR ER > TWE (Fig 1B-F), AKERZNER
(MC)ITH#72 0, H/REIIAE EE (SBC) M & BTN TN (Fig.
1B). #hENE MR B, 81 (CT) RMEDERM S AKE L
HAKEDEANHOLIET, FhEnat AZKE & HREN
Y5 1Tz (Figs. 1B; 9A),

2 PR BEE

gy, KE DRSS NER (VM) iKY TESES,
BEBEOEIOHNISOEIAETITERL TWi (Fig
1B). Z DEEFEDHFESNIE (OLO) IT 2R EAESEHH
(FOC) THEMIZHEE L TWx (Fig. 3A,B). L L, K&
DEIRH 5 B AR (PAM) E TOEHL T, S EENEE (OLD
L NEEANEE (ILO) DD AfEFRIR (ABV) & Hif#IR (EBV)
DI (ANE) NS S8R, RERREE LD B AR
HhSHENT, EAONBENESBEVCEENENES
i (FICB) THEE L Tz (Figs. 24; 3A, D). /DT,
DAL T, MWAZFEBL 2k E HAKD NG T I -
(SBO) 13 1 A& & 755 TWa/= (Figs. 2A; 3A). HEEARRAS DRI

i, s ICEEE L, NEERNIEI AR SEEN
T, EHAONMNEIZELENENESZER (FICB) TH#E
INTW/= (Fig. 2B, C). W2 T, T ZTiE, #EEFE(SBC)
WBEEDAEIZ I ATOEEAONER—D LS LA
DEE 3R THER SN TV (Fig. 2B, C). HBEARBHNS
MIEHE £ TOMATIE, MENIARSICESEL, EAORN
HANES TN ENPNBAESGZER FIC) THIBEEICES
L TW/= (Fig. 2D, E). f€o T, T ORI T, #E e,
EAOAEERNECZNTN 1 XTOOLE 4 A THRE
N Tz (Fig. 2D, E).

SRS FEGE R (FOC), NEINESER (FIC) BLUA
FRENESER FICB)IX, LSYF1H1° LAY
FAa? FAVHAY, raFauiv1PovR0L
FIRIC, ZHENME SN ERE 5 & RS L U
FtZ#HE MV) THEE L T/ (Flgs. 3A, B, D; 4B, C),
ZOES L, LASYFAHA, ASYFra7,
TaAvYHA L, raFay a0 OMEEE L FEEIC
EEERTOMHENSHBEERZIZL T,

HEKIE (ICM) 13, 7 AV A, yaFa g
IN, HF VDA FZRHAF Y TR, EEROKESE
IZHMEE & NEE DR 2K L T\ 5 R EEREAR i B O #B AL
i, ZABICAEYE FG) »ERMEX TORREICE
MLTW%, LhL, 77 F01 TR, EEERERKmE
(ICV) 1341 ZE (0C) &M (IC) D X HE 4% (PF) DO 2T
DS % B L Tz (Figs. 5G; 7A, E). fBIEREFERE ICM)
b ETOEMRTAWE (FG) » SEMEENEE TD
EHEIC=AFITER L TW= (Figs. 5B-G; 6C; 7C, D).

i8S

ML, TavH1® soFaviq e Y L
BRIZ, EHR PF) EHTEROEMHESR OF) 2 —MELTH
MBCEFI U =485 &7z - TWwi= (Fig. 6B-E). LML, 7
FRFNA DELARIT, PRNEATHERME /8> T
B7AYAAT, suFavlif eI ERLEST,
IR &R P IR AHIRICEH L TWwiz (Figs. 4D; 6C,
D; 8C). £z, THIFHATH, ZO—MOMRITEM
REFEMAOBMBIUEHMEROMY, 7aAVHAY, &
OF 3 A1 703 RV ERAEST, ¥ABICERALL

HEARTE AR (FCM) TEE T T 7= (Figs. 5B-G; 6C, E;
TB-D). 2T, FHRFANATE, LIFFAAAC,
LTHFAA7, TAYHAD, suFaviiv4’ev
RO ERE->T, HEAOHEEREL T HERESE
FEDSNEMh T, ZOXIRTFIFHA TORRM
BRI AF VA FRAFE P THRD 5N TN D,

Dufour and Beninger'® {3, “# EMEOMOELEE 2R
EENEOHXNT 5 EBEADRE % Interlamellar junctions (f#
HERTEAS) THEAS L TVy% Homorhabdic filibranch, PNEEL
HEDHNT 2 EMROM & MEMEE THE L, Bl
FHEROM EHBE D B 5 EiEY (Ciliated spurs) THEE L
T Y % Heterorhabdic filibranch, B§#E L 7= # BR O/ %
) TEALTWS
Homorhabdic eulamellibranch, NI LA EDO X AROM %
EERTEAE THRA L, BELUCEEROMZHERMERT
#4& L T\ % Heterorhabdic pseudolamellibranch @ 4 D D&Y
K TWwa, ZhRKED & XV IFA113
Homorhabdic filibranch #3E D L T F-1 H1 O LT HF
+ > 7", Heterorhabdic filibranch & D7 2 ¥ /i1 °, &
0OF a v iA%< XN""E & U Heterorhabdic
pseudolamellibranch #ED < HFE 1, 1 ¥R HF D Ry
FHA P & E-> T, Homorhabdic eulamellibranch 138 %

Interlamellar junctions ( f# & ] &
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R L TV /= (Figs. 5-9).

INSOBENSHETOKRBREHERT D E, KDLIK
2%, HEAKE, HWAERB & MR R O M (LCL, Figs.
6D, E; 8A, C) DIEEEH TAKEN SHEREARAIN,
FHREEHEAOHBIUEEMROM EZ@EBL, HERM
EEROMERZE L THBEAES, RKINT, ABIEMEER
D Z®%E U THEMERNEOREER L, #ELEAE
o, HKEMSBRANTEDENS,

\BEOME

HEGRIINE 2 E A ME (VOF) A3, EEERIINE %
FHRIME (VPF) 23EFT L T /= (Figs. 5C-G; 6D, E; 8A,
C). MEEMEMBR T aVYH1°, suFavhg o<
N LRI, NERD R EATHEIERERA I (VICM) &
BoTHED, MEONELAEDTMARME O ZEERL
Tz (Figs. 5SD-F; 6C; 8A, C)o HEARMIEAEIZNE O £HE
7% S P B S R I S (VFCM) & 72 o T 7= (Figs. 4C, D;
6D, E; 8A), MRMEMEEME L, FHBICERLZESR
HIEHEIE S 2R U 2 2 RO EMRME & A OF R
BEEMNBEAICEKL TWE (Figs. 5, 8). BWETIE, 7O
YHAD, zoFaviiaq o0 LRERIC, SEIERE
M, EMRME DL OFERINE &HE L - aYiE
& (VFG) MFEE L Tz (Fig. 8A-C).
ZNEOBRENSEETOMFHEZRT S ERDLIIC
1%, IMKIE AMEERIRD & SRZERES S &R U THME
DI RS BE R E ME (VAO) & 5 WIZPEE O RN EE
HEHGEIE (VAD AT B (Figs. 2A; TA-D), F-ls 3
e mE» SN EOFARME & EAME, A
mm%gﬁmim%#b1W%®zﬁfmm& NIk
NRALT, BYEABENS THND, BF, R
ETIE, FEARMEBIOCFEIRLDE RN TE MK
— IR R R E A M A L CRE LRI, TR
MR & CEMERMEARD, 5 —HOiN 2R

HEOMAE TR DB L TAYEAND > THNS, T
DR, EHER M HS EESER AR M & A U 2 8 Tl
FRME &N T E 2 MR O—EI3H %Fﬁﬁff"ﬂﬁﬂnm%
Rl UTRAEZETT 3R ERMENEEKL THN
5. EERIME NS FREEEEDE NRA L 2RO —
b EERME 2R H U TSRS IE M 2 R T o
flEETT2RERMENEEKL THRN S, BYETIE,
FRIME & W HRIE O MENEYEERET 2 A0E
METESGL, RAMOMEIED EHRME & FEHRME N
LHEND (Fig. 8) TN S OIS EHRINE & HHR 10

EeRm U THERIRAES. LML, —#Bomigidieg
RINE & HEERIED 5 ERMESENENRAL TRE
U, BUEMARME DI CEIRLENRH T 202 68
RETERFREICR DR L THESR~E2. IhsiTmi
T, EEARRESIRIE TEE L2 Mk d MR~ &5 L
T, BEIVRLET S,

R aiE

FEHAD L OERIIATH AT (FCL) TEbN, f#l
EC AR (LCL) 2R A, A & R O H AT
Rk (LFC) %% X T\ /= (Figs. 6D, E; 84, C).

FHREOE MR OPRL, BN S RS EAEERN
EDORERMERMBMIP SN BHML TEREZEL, FOT
N2 E L NEDOFRIE I DT &R VERL
Tz (Fig 5A). BYEII ZOEREEO P R2IZIER
CIBDEIRIZETT L T (Fig. 5A). MG EzRAE, 7
avHA0 raFavhaq VoI N0 LEKIC, BET
Bbhbi T/ (Fig. 8A).

EEE

AEBEICHELTOL A MEEOEIINMENERLKE
(BTO) %, SMEZE X NEBEE O G IRISMEEREE (BTL) %,
PAREE D AT I N EENIEZL R (BT 2K L TV /= (Figs.
2A; 3A-D; 7A-D; 9B-E), I 5 DEE#EIL, HkEERS
EFTAYHAD, saFauia? o LRI,
% (CL) TEbN T (Fig. 3B-D),

IN—D =7 i F Crassostrea virginica V&, F % &HH
ROMBETHEAMEZBBT 2/KBEELIL, KPOKE
BT 2 2 THIE L TRRICKD, EHROASE TIEE
DEEBNEY, FHRORMBETERENED, B
BATHRBRTFEHAEL TVWD ®Y, 20k BBk T
OERI, TAVYHATHHANGNTNE D, ZhenZ
S, THUIFHA THREEKIE, SEROUEETKR
EREIL, K OBER T & IRTEE TR U THIRICK
», EEROFIHETEREN, WEROMBETEYE
NEY, BRNEBEATHREBRTEHAL TWEZ A5
NTH 5,

=54

B#H (LP) I3EA DIEEDZFN TN DR % LEFH (LUL,
RUL) & FEF (LLL, RLL) THO X DI L TZT ko=
T, EAWHICEE SN TV (Fig. 11A, B), NS4
MEQEYEEEEREORHL, BHRO LEBRETER
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BICAIET B AN D (LOG) IZH#i/s - T /= (Figs. 10B,
C; 11B). B OWNEIIAIM OE» SABRIZHN D ERD
ERBRIN, BROABRIIBFREMR RP) &> TW
7= (Fig. 10B, D). i 0#& 138 O KH TEAM H# (POG)
{23755 T (Figs. 10B; 11B). HILL 13D 5 IR DA
EERRBRICEEORSED ST EALDEL, KROPL
BT (OA) N E# 7 > T /= (Fig. 11B). kG ZE R 2 &,
IS O, EAOE, BR OBLUREORETE TH
ETBOLNTWSE (Fig. 11D, E)y ZN5DT NS, HE
HEEAMETEINTELBRBR T, BROAMKOED
SEMOBZREAL TONEBEES TERIINTHAIN
TWBIENHLNMTH D, LL, BRIGEEINZHE
RIFORRENGEERENEZWIEE I, BB AR O
BERBTICEFOBETERRMIMNEIN TRERE
L, BROANGHIZN TN S,

E I

TIRFHA QG TN, BRI AEEER
HEREME TREE SAAENERE SN T W, IR,
WEE LS E DO EFEAROMIC BRYIED S BERRMERIE X T
EARICERL T, NEEAEZESRL T, ERE
FHROMBLUEEEROBIL, FHBICERL R
FEBIRTHEE SN T, ULOMENrSs, 75+
- O f#X Homorhabdic eulamellibranch & TH 5 S HIK L
7zo
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Short forms used in the figures

AAM, anterior adductor muscle HIBAR A
ABY, afferent branchial vein ABBER IR
BC, branchial cavity R e
BTI, based ciliated tract of inner lamina of inner ctenidium
NEENERIR
BTL, based ciliated tract of inner and outer laminae of ctenidia
SRS N B T
BTO, based ciliated tract of outer lamina of outer ctenidium
SRS B AL
CL, cilium Wiz
CT, ctenidium fi
DD, digestive diverticula B RR
EBYV, efferent branchial vein H &
ES, exhalant siphon HKE
FCL, frontal cilia L ES
FCM, inter-filament connecting membrane PN PE i
FG, food groove B
FIC, fused border of inner laminae of inner ctenidia
RN S &
FICB, fused border of inner laminae of inner ctenidia of both sides
ERNBNESER
FOC, fused border of outer lamina of outer ctenidium
SRS RS ER
FT, foot 2
GD, gonad TR
IC, inner ctenidium PRIAE
ICM, inter-laminar connecting membrane A e
ICV, inter-laminar connecting vessel SETERD AL M
ILI, inner lamina of inner ctenidium RN EE
ILO, inner lamina of outer ctenidium S ERNZE
IN, intestine 2
IS, inhalant siphon AKE
LCL, lateral cilia HlMEE
LFC, latero-frontal cilia PRI E
LIC, left inner ctenidium ERg
LLL, left lower lip ETEH
LOC, left outer ctenidium Eo
LOG, lateral oral groove R O
LP, labial palp =50
LUL, left upper lip EEER

MC, mantle cavity HNEpE

MT, mantle TR
MYV, microvilli &
OA, oral aperture

OC, outer ctenidium 49
OF, ordinary filament R
OLLI, outer lamina of inner ctenidium PEESZE
OLO, outer lamina of outer ctenidium s filst 2
08, oesophagus BiE
PAM, posterior adductor muscle TREARAR
PF, principal filament TR
POG, proximal oral groove SEAL O
PP, papilla faikzER
RIC, right inner ctenidium =R
RLL, right lower lip ATER
ROC, right outer ctenidium AR
RP, ridge of palp 5 BRI
RUL, right upper lip HEER
SBC, supra-branchial cavity 2 bR
ST, stomach )

VAL longitudinal vessel running along the base of inner lamina

of inner ctenidium PRI P S ELERAE 2
VAO, longitudinal vessel running along the base of outer lamina
of outer ctenidium SR BEEL M

VFCM, vessel of inter-filament connecting membrane

HI S P A 0

VFG, vessel of food groove BN E
VICM, vessel of inter-laminar connecting membrane

AT R AR 1l
VM, visceral mass PSR
VOF, vessel of ordinary filament g ik
VPF, vessel of principal filament FEARME
VT, ventricle LR



e
R

T
2t
gm
e
H
E
G

109 oo

Fig. 1. Outside views of the inhalant and exhalant siphons of the Razor-shell Sinonovacula constricta. A, Left side view of
the soft body after removal of the shell valves; B, Left side view of the ctenidia after removal of the shell valves and
the left mantle; C, Dorsal view of the siphons; D, Ventral view of the siphons; E, Left side view of the siphons; F,
Right side view of the siphons; G, The mantle at the foot. Bars = 1 cm.
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Fig. 2. Cross sections of the ctenidia of the Razor-shell. Cross red lines in the upper left small figure show the sections of
the soft part. A-F, The views from the side of the siphons. Bar in A = 1 mm, and bars in B-E = 1 cm.
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Fig. 3.
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Cross section of the ctenidia of the Razor-shell. Cross red line in the upper left small figure shows the section of the
soft part. A, Cross section of the ctenidia; B, The based ciliated tract of outer lamina of outer ctenidium (BTO); C,
The based ciliated tract of inner and outer laminae of ctenidia (BT1); D, The based ciliated tract of inner lamina of
inner ctenidium (BTI). Azan staining. Bar in A = 1 mm, and bars in B-D = 100 pm.
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Fig. 4. Horizontal section of the ctenidium of the Razor-shell. A, horizontal section of the soft part of the body; B, The
fused border of outer lamina of outer ctenidium (FOC) near the siphon; C, Magnified view of the fused border of
outer lamina of outer ctenidium (FOC) near the visceral mass; D, Ctenidium. Azan staining. Bar in A = | mm, and
bars in B-D = 100 pm.
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Fig. 5. Vertical sections of the ctenidium of the Razor-shell. A, Food groove; B-F, Vertical section of the ctenidium. Bars =
100 pm.
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Fig. 6. Diagonal section of the ctenidium of the Razor-shell. A, Diagonal section of the soft part of the body; B, The
ctenidia near the siphon; C and D, Principal and ordinary filaments; D, Ordinaly filament. Azan staining. Bars in A
and B in A= 1 mm, and bars in C-E = 100 pm.
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Fig. 7. Cross sections of the ctenidium of the Razor-shell. A, Right ctenidium; B and D, Left ctenidium; C, Lamine; E,
Inter-laminar connecting vessel. Bars = 1 mm.
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Fig. 8. Food groove of the Razor-shell. A and B, Diagonal sections of the food groove; C, Horizontal section of the food
groove. Azan staining. Bars = 100 pm.
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Fig. 9. Ctenidium of the Razor-shell. A, Ctenidium and siphons; B, Outer lamina of outer ctenidium and the based ciliated
tract of outer lamina of outer ctenidium; C and E, Ventral view of the ctenidium; F, Left side view of the ctenidium.
Bar=1 cm, and bars in B-E = 1 mm.
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Fig. 10.  Labial palp of the Razor-shell. A, Outside view of the labial palp; B-D, Inside views of the labial palp. Bars = 1 mm.
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Fig. 11.  Vertical and horizontal sections of the labial palp of the Razor-shell. A, Vertical section; B, Magnified view of the labial
palp in A; C, Horizontal section; D, Magnified view of the labial palp in C; E, Magnified view of the proximal oral
groove and the oral aperture in C. Azan staining. Bars in A-C = 1 mm, and bars in D and E = 100 pm.



