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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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FHA 20 @KEM V. THAE, KEXFEROHASL
BIBEREB BT OBWFNIBTEREL, #04M OHIL
TR AIKEIR T T 24 B U CREERZ R
&, Davidson #& ¥ TEE L /. BAROBRITEMEN
BECIT o 7z MR OBIRIL, MR- TS 71 8 (10
) BERUCT o l, SYEME T2

HERBLUZEZ

NERE

HNER MDD X7 7 FEHA D ERERIC, EREBICEY
B D) 2HTEDZHBNT, REHROLEEZE-> Ty
7= (Fig. ) AKE (1S) BLUHIKE (BS) b, SEED—
gD EA-> TEERBRLER LIRS T (Fig 2A-
C)e AKEINERE MC) EOBIZAKF (V) &, HKE
2R EEB L ZKEHAKAONRTHE LR (SBC) & DB
Ik (BV) 2 X Tz (Fig. 2C). HERE 41 BT,
f8(CT) BOEHN SHERBETERICET SN TV
(Figs. 2A-C; 3B). RBIZIUHE X B THERMIZSIE ANIR
ETHAERACKH 12 DES 2 ED Tz (Fig. 3B).

RS EEE

# (CT) 137K%E (IS, BS) D EF» & 8 (FT) PEFE TIT
EHEMICERL TWz (Fig. 3B)., FMEH 3 (OLO) O &l
BISEDEIE) 5 KREDH L E TOLENAER MT) i
SBNE LS (FOC) THEFE L Tz (Figs. 2B, D; 3B-D),
Lial, BOETNSHEEARDG PAM) £ TORMETII,
SLEERZE (ILO) & NEESNZE (OLD) DD A#EIR (ABV) B
SRR (EBV) OFFAL (636, CA) IZNEREICESL
Tz (Figs. 4-1B; 4-2A-C), X7z, NEENIE (L) Ol
BmHNEBRICNENEREE & FIC) THES L TWE (Fig
4-1B), (> T, ZTORMTH, 8L (SBO)IZEADLE
EDHEE (LOC, ROC) ENEE (LIC, RIC) iIZ& L ATDDE
4 BPEBREN T, REED (PAM) DIERAIERTII,
fEh (CA) IIIRBRIC IS U TS, AERNZE (ILD) N
@A SHENT, £60NEANE (L) FLAEANERN
EAEB (FICB) THE L TWik (Fig. 42A-C). #> T,
BB OB ME TR, 8B (SBO) RER D ABIIE
(LOC, ROC) IZ | £ T D & EH O NEEANEE (LIC, RIC) iT 1
EDOEE 3 BV I N Tz (Fig. 4-2A, B). TR
SRKEDOEMORMETIE, WHEINZE QLD iZNESE» 5 8
NT, EAEONBENIERTAEENENES R (FICB)
THAEL, 8 (CA) AR SBEN TW/E (Fig. 4-3B,

Py
B, A &

C). M- T, TORMETH, #8EKEGSBC)IE1ATHERE
INTW/= (Fig. 4-3A-C)e ZDEDIZ, IFHA DO LR
BEFROBESGEHEL T RElx-> THADIZERST
YHA?, s0FavHa VoY LRAKROEBEER
L TWe, &k, SMEAESES (FOC), NENESER
(FIC) B L VEFANEENEAZER (FICB) b AT HF1 H1
DOASHELTAY FAVHL?, yOFauHAW
YA EFEI, BELAEE BEIABRES SN
WFEEEE M LA (MV) THEE STk (Figs. 6C, D; 7B,
Q) TDEDBMHENS, T HA DEEZILSYFAH
17, ASYFA2a® 7avh«a? suoFavi4a
O EFKIZ, FNTNOAEFRDLEIATHE
MICHBES B ZENBH THo .

gRIEE L
ERERERINE ICV) 3T FHA 7 avH~1 2, 0
FaoHa? xR, IHFD 45 RHF 0TS
TFEAA D ERB, EMROBABIINELAEOR
BR % HHE L T /= (Figs. 3C, D), SRZEREAE ICM) & Z
D HRBERT A ME DAL, B FC) » 5 FEIE
FTORICEAICER L Tz (Figs. 3E; 4-1A, B; 4-2A-
C; 5B-E),

GBS

g, TavHq, yaFaviq? XY, <
HED, AFRAFO07FeFH1 D EEBIIC, 348
% (PF) LB TADEMER (OF) 2—Hl & LTERAIHN TN
7= (Figs. 5B-F; 8A), L L, HRO—MOFEMAEEMER
DEBLUVEFEMROMZT AV H1?, sJaFaub«
DRI RWERLST, ¥MARICERU ZEREEEE
(FCM) TREF XN Tz (Figs. 5B-F; 8A, B), #ER[ME#
RiE, SHFED, 1 ¥RAFOR75TFH4 D THEE
DHENTND, #oT, LTYFAAALT, LFTFA
a® yavH« Y yaFaulaq ORI RY TolER
MEEEL T2 EREERE, < TH1 TRIAF Y,
TIRHF D7 FF A1 Y LEKICED SN2,
7=

Dufour and Beninger™® 13, " BEEOHOEEEEE A
BEENEOHEN T B EMEARDE 2 Interlamellar junctions(
BERTERS ) THE#E L TV % Homorhabdic filibranch, HZE &
HNEOHNT 5 REAROR & EEMEETEREL, BEL
7= ARk DR & HE D & 5 22 (Ciliated spurs) TEA L
T \» % Heterorhabdic filibranch, Bi#E L = E AR OM %
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Interlamellar junctions( 8 R I E ) THE S L TW 3
Homorhabdic eulamellibranch, PNZE &S ZE DM 2 M
ROMEMEREETESL, BELEEEROMEES
fEI A4S THA L T2 5 Heterorhabdic pseudolamellibranch @
ADDRZHFTVWS, RIS &, YT HAIE,
Homorhabdic filibranch #ED L ST FA HA DL SHF
A > 3% 3 & U Heterorhabdic filibranch ##E O 7 I Ji 7 2,
sOFagH4 ORI RW ERLY, IHFED, 1 &K
HEDR 75 %+ H A" & [ H D Heterorhabdic

pseudolamellibranch #;& %/~ L 7=,

BEOME

H R (OF) XN 2 H AR M (VOF) A%, EEHR (PF)
WA R & E R f# (VPF) 28 E 1T L T 7z (Figs. 5C-E;
8A). MEEERTELLE (ICM)IE, YV HA Y, yoFaw
HA 0 EREIT, AERO 2 A AEZE R R
B (VICM) &35 THD, WEQHNELAEOHENTZIE
SEXRIME (VPF) O %S L Tz (Figs. 5C-E; 8A). %
PGS BE (FCM) B, PNER O & T A% 0 5% 88 45 i i &
(VFCM) & 755 TW/= (Figs. 7D, E; 8A, B, D), SR R4
B (VECM) 1, IS ER U - 8RR (FCM)
CEARTD D ZTERADEBRAME (VOF) BXT2 A&
OEFAIME (VPF) & EEE U,  [FRF I 083 ] 5 S i &
(VICM) & HEHREL TW/= (Fig. 8A). B (FG) OHEIRIC
W, 7avH10 roFauia Ooex Y LRI,
BEYERE LE (VFG) B3#EE L TWiz (Fig. 71D, E)e 2@
EMERENENL, EEORNELAEOEELLE
(VOF) SRl & A2 8BS KO CEKL, AapEoR
EOEM (fEFE, BC) OHRMATHEONELNEDE
HEARME (VPF) A8 1 D &g o THEEE L T/ (Fig. 6D; 7D,
E)o

INSOBENSBETOMREHRERAIT 2 EROLSIT
725, Mg, AMEEK (ABV) 2 5 SBEMERLE ICV)
ZRE L TR O S E IS E (VAO) & NEED
PR P ZE L ERHEE B (VAD AT B (Figs. 3C; 4-1A, B),
SRS E R AR A 513 BE (OLL S L <12 OLO)
FEHRIME (VPF) & E R ME (VOF) ~, WENZERLE
HEEMENSIINE LI S L IXILO) O EFERME &%
HRMEATRAL, &DHITEYE FG) ~H> THNS.
weh, EERINE 2 NS M O — IR SR R A R
(VICM) NEH LT, T 2EEOFMERME (VPF) ~
TNT, MR (EBV) NRHET 5, #URMEEE (FCM)
DOFAL T, EEERIME & FERME &5 5 kD —i

IR RTINS (VFCM) AFRA L TIRE L=ic k4
RME EEEROE~NRD, EREEEEZICZORNE
BORLT, BMEAN-THNS. ZOK, ZERLE
(VPF) M ESEREAE B M (VFCM) & H#HS U /2 33401 T,
FALR M D MK O —FR ARSI SR & 2 i TR
TEMEEETT S EMRMENLERL THRN S, £z,
AR ME (VOF) 0 & il % M A E I8 (VFCM) NiREA
U7 MR D —E S FRIME (VPF) Z##tH U TSR
B (VICM) NN THN T 5 EETT 5 EE5R1M
BHEANEEKRL THNS (Figs. 5, 8). BW#E (FG) TIE, 4+
EOEFRIME (VPF) & HHEAIME (VOF) 2 H L /=1
B BYEMELE (VFG) TIRA LT, WEDOITMAMm
FERBANEARNS. Ih5OEIRINE & F AR
Eohiz Mg, —HEERMEERELE (VFCM) i
AU TRA LEBITRNED EMEANE &8 ERI0E K
N, ERMEEEECM BICZOFENZEDEL THE
FAR (BBV) NIRRT 5. AT, fARESRNLE (VFECM)
EER U Z MRS & L THISEES R T 5,

B BB

FHER (OF) & £8k (PF) OB ERS2 &, Zhoo
AL (FCL) TEDH N, M AL (LcL) 45, £
T & {8 T o P RV I RT AR R (LFC) 2858 5 117= (Fig. 8A-
Qe

BYE FG) 13, FHECHAEET2ZERCEDHE
WIZET LTz (Fig. 5A), G ERS &, 7avh-(
O yaFauiq PR LEC, NEENEQR
#13% (OF) 235l S < JEdh U TEMRIcER L, £
% (PF) M EWE O HEE O E RO AT ICERE U 7= HiE
%L CTWi (Fig. 7D, E), BWWOEREIIME (CL) TE
HNTW/= (Fig. 7D, E)s

HKE

NEEICTHET 2 EEOE RIS BN EEEE (BTO)
A, SMHRE L NBEEOSEIISNIMEANNEERE (BTL)
2, NEZEOEMINMAZEREER BT BRI N T
7= (Figs. 4-1B; 4-2A-C; 4-3B). MG E R 5 &, SEKE
B7avH1? zaFaulg 090 LRI,
KHENHEE (CL) TEOLI T (Fig. 7C).

I

j-l:\'_
B3 (LP) 13, MEEDH%E EEF (LUL, RUL) & FEFH
(LLL, RLL) T & D I 2T I 7= EE MR OIS 2R
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L 7z (Figs. 9D; 10B), L F DEFHF OEAERT AN D (LOG)
B L, BRIE<E (L) DEMIEA O (POG) 2%
BLT, FROOOA)NEEENSEL S T (Fig
9D). I, MO AAOE BBLUOOXREIRL
2 THE (CL) TEDLN T/ (Fig. 10C, D).

RTHAEMOBERBENRA NPT HF
R DI TR
EEETHKMERIL, KPOBMER T & METHHETH
U THIRICHEY, FEAROMSE THEORKENEY,
FHARDOHBETAYENEALTNE ™, Z0Ld%
BRT OB, 7avhH1ThHAsNTNBE D, Zhs
DT EDS, ITHAIIEETHIE L ZRBRTFELUTO
EOERLUTHEL TR EHAEINS, HETHIEL
TR FI3, MEZED XK (PF) TIEAT#E (FCL) TR
JEE# (BTO, BTL, BT) NESR, BB T VK E VWIFEDH
L EBBRTFOENENIRIZIE, #il% (OF) OmMH#HE
(FCL) T, AR TOEMAN &SRB Y 2 R
(FG) NEXR, HEEBIUVEVE~NEIN BB T
WITNHER (LP) ~NEBEITN TERICEDN DS, ’%#OD{BU
AL D7 (LOG) 5B DiRAL O (POG) Z A L TH (0A)
NEENTHASNS, LML, BRTEIREBEKT
PHEMEREZBAZBMEBNTE, BROBECL) T
FEEMRER (RP) NEITN, BELLUTERFONAFHI N
% (Fig. 9B-D).
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pseudolamellibranch #:&TH 5 L HEL 72,

X #

1) HEBFERIE ¢ 2 0oAt (EKE ) BTN . = EERRIES
(1952)

MM ER, MEWN—ER: > OF 37 H A Pinctada
maxima (JAMESON) @ f# &l . 3 ¥ X /K BHF 4% , 16, 1-23
(1957)

3) MEW—ER : ¥ 1 5 % (Pinna japonica Reeve) DR .
BhHE | 26, 15-20, 29-34, 57-60, 79-82 (1914)

4 FRIEAN, R4 B 8 B r5Favbqa
Hyriopsis schlegeli DFFEE| . /K RKBHHH , 13, 61-74 (1963)
5) o —, FHES, FEEM : YT EOMEE . KK

KRR |, 56, 287-298 (2008)

6) WL — , FHEE T T OIS . KRR , 56,
273-285 (2008)
7) Wi —, ¥HEE 1 ATYFA 1 OFEMEE . KRR

T , 61, 123-142 (2013)

8) ILTTE—, ¥AEEK 1 AT TF1 > IO . KKK
B , 61, 143-155 (2013)

9) oL —, ¥HES, HEEM : 7 2V -1 OIS .
TR RELHRER , 57, 81-110 (2008)

10) tiLE—, ¥HEE: 70F a v A OB EFRHOKE
1 . TKARRHER , 59, 53-73 (2010)

1) W& —, ¥AEE  INOMEERBIUOHIEED
& . KRB , 59, 92-120 (2011)

12) ILTE—, FHER RS T 71 OEREE KRB,
63, 189-208 (2015)

13) IWEE—, ¥HEE : Y+ OM#E . KRR,
61, 190-210 (2013)

14) IWnE—, FEESE A FRAFOHEOME . KKK
WHR , 63, 69-82 (2015)

15) ILSTE—, "R &, EHEE: T IS OMliES .
IR KFEHFER , 64, 104-119 (2016)

16) MARET : HERBERERE . AT (R). Wi
KEHARS (2000)

17) Namba K, Kobayashi M, Aida K, Uematsu M, Yoshida Y,
Kondo K, Miyata Y: Persistent relaxation of the adductor
muscle of oyster Crassostrea gigas induced by magnesium
ion. Fish Sci, 61, 241-244 (1995)

18) Bell TA, Lightner DV: A Handbook of Normal Penaeid
Shrimp Histology. World aquaculture society, USA, 2 (1988)

19) It —, PAER: A TrBEHEREHOPER
HHE DREIS . 7K KRR , 59, 121-148 (2011)

20) Dufour SC, Beninger PG: A functional interpretation of the
cilia and mucocyte distributions on the abfrontal surface of
bivalve gills. Mar Biol, 138, 295-309 (2001)

21) Ward JE, MacDonald BA, Thompson RJ: Mechanisms of
suspension feeding in bivalves: Resolution of current
controversies by means of endoscopy. Limnol Oceanogr, 38,

265-272(1993)



22) Ward JE, Newell RIE, Thompson RJ, MacDonald BA: In
vivo studies of suspension-feeding in the eastern oyster,

Crassostrea virginica. Biol bull, 186, 221-240(1994)

Y 208

23) & —, ¥HEE, UTH: 7av i1 o@ETok
FIEEW . ZKEEIERE , 50, 309-314(2002)

Short forms used in the figures

ABY, afferent branchial vein AfEERIR
BC, branchial cavity B
BTI, based ciliated tract of inner lamina of inner ctenidium
HNEENERER
BTL, based ciliated tract of inner and outer laminae of ctenidia
N RS B R
BTO, based ciliated tract of outer lamina of outer ctenidium
SR BE SR B
CA, ctenidial axis filf iy
CL, cilium e
CT, ctenidium fi
DD, digestive diverticula R R AR
EBYV, efferent branchial vein H AR ER AR
ES, exhalent siphon H7KE
EV, exhalent valve Hik 7
FCL, frontal cilia HiT A E
FCM, inter-filament connecting membrane R TR RS R
TR E AT B & 55 %
FG, food groove B
FIC, fused border of inner laminae of inner ctenidia
NENESER
FICB, fused border of inner laminae of inner ctenidia of both sides
EANBERNESER
FOC, fused border of outer lamina of outer ctenidium
NN ESTHER
FT, foot &
GD, gonad A FHEAR
ICM, inter-laminar connecting membrane fEEE R E R R
ICV, inter-laminar connecting vessel FETERDEAS M
ILI, inner lamina of inner ctenidium NEENZEE
ILO, inner lamina of outer ctenidium Al ZE
IN, intestine o
IS, inhalent siphon AKE
IV, inhalent valve ATKF
L, lip =2
LCL, lateral cilia {alE=E
LFC, latero-frontal cilia {IRTHEE

LIC, left inner ctenidium N
LLL, left lower lip ETEHR
LOC, left outer ctenidium ES R
LOG, lateral oral groove O fLaTER &t
LP, labial palp =5t
LUL, left upper lip E LESR
MC, mantle cavity HNEpE
MT, mantle &R
MYV, microvilli e
OA, oral aperture ]
OF, ordinary filament FEER
OLI outer lamina of inner ctenidium NEEA 2
OLO, outer lamina of outer ctenidium Ao e
OS, oesophagus joi|
PAM, posterior adductor muscle TBERRR A
PF, primary filament FE MR
POG, proximal oral groove WAL O
PP, papilla fakzEiE
RIC, right inner ctenidium HNER
RLL, right lower lip ETE#R
RP, ridge of palp V=i iR
RUL, right upper lip FEl=5is
ROC, right outer ctenidium HoMR
SBC, supra-branchial cavity R
SRM, siphonal retractor muscle KEZEFIM
ST, stomach C

VAL, longitudinal vessel running along the base of inner lamina

of inner ctenidium PR N ZE L AHEE 1l
VAO, longitudinal vessel running along the base of outer lamina
of outer ctenidium S ERA SE LR E

VFCM, vessel of inter-filament connecting membrane

SR R A R M

VFG, vessel of food groove A Y E

VICM, vessel of inter-laminar connecting membrane
e

VOF, vessel of ordinary filament HiE R

VPF, vessel of primary filament AR ME



209 e —, PHEE WA &

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; ¢, Right side view; d, Dorsal view. Bars = 1
mm.
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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 c¢m, and bar in C = 100 zm.
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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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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 #m, and bars in G and H = 1 mm.
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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

il
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s

Fig. 6. Cross sections of the ctenidia in the Japanese razor-shell. A, Cross section of the soft part;

100 pm.
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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 /2 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 um, and bars in B and C = 10 um.



219 reE—, FHEE WA &

ROCINN * 2 | O

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 = | c¢m,
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.



