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Anatomical Structure of Ctenidium of the Pen Shell A¢trina
(Servatrina) lischkeana

Ken-ichi Yamamoto, Akira Araki and Takeshi Handa?

Abstract : The structure of the ctenidium of the Pen shell Atrina (Servatrina) lischkeana was

examined. The pen shell provided the structures which were not observed to other bivalve: The ciliated

canal of the mantle through which debris was passed out from the mantle chamber, and the mantle

gland in the supra-branchial cavity. The gill type showed the heterorhabdic pseudolamellibranch:

principal filaments and ordinary filaments were joined by inter-filament connecting membrane, and

principal filaments of inner and outer laminae by the inter-laminar connecting bars.

Key words : Pen shell; ciliated canal of the mantle; heterorhabdic pseudolamellibranch; inter-filament

connecting membrane; inter-laminar connecting bar; mantle gland.

&

il

o2 G S MEICE S —EOMRHIRITHREN D
<, REETEINFYFHABDE 1 5 F Pinna japonica,
DTAZHABIITAAHTARDT 2V H A Pinctada
Sfucata martensii, > TOF a7 HA Pinctada maxima, THFPHEE
HMTRA T HABA L HARDA S F a0 HiA Hyriopsis
schlegeli TREINTND Y, £IT, FHELIMADIT
% - ERCHRICET AR E 0 5 ETORBEREE
5HMT, 1 HAHAHAIRDL T FA A Mytilus
galloprovincialis 33 X W5 F A > 0 Septifer virgutus, 7
TAAHABOTAZHABO7TaAVHA, raFavi
- Pinctada margaritifera 33 £ UX< /X Pteria penguin, 71%H
A Z YV HARDKRY T HA Patinopecten yessonsis BL Uk
4 ¥ HA Mimachlamys nobilis, 1 ¥ RHAFR O HF
Crassostrea gigas 35 K A & i1 H F Ostrea denselamellosa,

RNWVAYTVHABF I ABDY 5 < F Sinonovacula
contricta DIEREIEZ B 5T L7z ™',

BRAETE, VIA XA BNRTFAHIBROY s
A 5 F Atrina (Servatrina) lischkeana D fEFE1E % R B
JUHIBFITH S MIC U e, 72B, SHIZRE Y IThE>
7z

HHRBLUVOAE

EEBRITK, BE 151116 mm (FHE L ERERZE, LR
FHIZET) O30 EEEHBRE 12421.8 mm @ 10 FHAED
U rd45Felnik. Vird1 5%, FHEBTE
WU, #04MOET TR LKER"OIT2~ 40
i L ik 2R &, Davidson & 7 CEZEL =,
KRB ORI RN TOBEITH L 7=, PROFEEIZ
WIRICHE S TINT 7« HIH (10 pm) ZER L T7 > 4

TR BE NSRS Wy BE ¥ 7} (Department of Applied Aquabiology, National Fisheries University)

"R S (Corresponding author): handat@fish-u.ac.jp
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AL, £YEMETOBRRICHELE .

HERELUVER

AkO & kO

HIZK EONTT AV A1 7 &R, RO BEN B L,
AKO 10) EHKODOEIZAET 2/ EHE (PD) 55
{ITE F 42 (MDL) D% TORMICEI O L TW/z (Fig. 1B).
HRIE AR, HkO» SRS (AAM) ORI DR TE
EFTOHAREKIIEE-HSEUITWEZ, K- T, £
DBOREHOMHIBROBIEN SEME TESE>ES
WERTW . ZHEEKFIZ, EADHEE M) II5E
BEEN SR DOFIROBAE TOREMEARICRKESHN TN
7= (Fig. 1A)e UL, AKOW, AERONEDEENSK
OEBMO—HEZROI T TR T HEEL/L> T, &
T, AKOEHKORZAEO—LEBIEDBOHERIC
FITICHATEHEE L2 Tz, ZOLHRBENS, U
T E A IFFAKDEHKOZRBICERENS B L THE
HKEFTD ZEMNAREEZHTNDE ™,

Pritimeg

PEHIERE (CCM) 13, ABIROEXENED Lo T
R -#EERL, NEROEMOEDMIZE > THE
BEEN SEF (LP OE< ) TTEFTL T/ (Fig. 1A, B, D,
F. MRER5 &, TONEITHE CL) TEODNTW
7= (Fig. 2B, G, H)o HEH@AKIIAEENICE T LW E
DR E N EYEE THBES THEA THERED A ~FEH
THREZHSTWB I EHNRASHATEINTNS D,

HERR

HNER (MG) I E O DO TR INTH
(Figs. 3H; 4A-D). D EFIIZEARLE (PAM) ORI ( HizK
CHA Y i ArEd % IS (VM) ISP U, SEEE O ERATIT 4
EE (SBC) NZ& Hsk O~ o TEE T /= (Figs. 3H; 4A,
D).

WREICHEEZDTNHL TEH/KZT-> T HIRE
DU I SFXEHETEE, AEBRIHKOOHMNS
R2ZENTES, RELT, AERIEIREHAONS
HTWLREBHEIND, LL, AEROBENITREH
Ths,

BRGEE
HRZE (CT) 13 4MEBHLEE (OLO) OE % ET T D4 s

fi, FHES

HER (FOC) BHERN 5 MUTH 5 BT (SM) 1T H#5%
LT, FBIENIZHRIEEL T /2 (Figs. 3C; 6-1Cb; 6-2Db, E, Fb;
6-3Gb, Hb), FMESZE & EEBIIME (MV) THEEL T
7z (Fig. 7B, D)o —75, SHEED Sevii (Z2HT) 2 S A E BB (PD)
ETOME, SENEDOEIMEEEE L BERAM O TR
TFEERTES (FSM) % B L TV 7= (Figs. 3C-G; 5B), L£HD
TR OREE AT S E R FFSM) IBEWIEE L
T, SERE MC) & L (SBC) 248 - T (Figs.
3B-G; 5B), EAOBREEFLEEZIIME MV) THEEL
TW/z (Fig. 2C) TOEDITL T, SMBAEDO AT, &
M C MREILETI TR 2 AL ERE (MC) SR OMEE
MU=k ZEHAKRONR S ERE (SBC) It s Tn
(Figs. 2A; 3C-F; 4E-G; 5B),

UL, KO SHBARMSE T, WERNE LD X
EARNENESER (FICB) TBEWAESE LT, %HR
5 PN i B A S B 41T W 7z (Figs. 3D; 5A, B, D; 6-1Cb;
6-2Db, E). SMENZE & NEESLE OB (485, CA) DR
2 M BE A S B T W 7= (Figs. 5B-D; 6-1Cb). €D T,
Z ORI T PR | AT > Tz (Fig. 6-1B, Cb),
BRI SRR SERE TOPRMEETIE, N
HNEIZEANBERNESER TBE WS L TERARG®
NERBED SEEN T W /oht, SEENIHEAR G B L UNERIC
B2 L T /= (Figs. 5B-D; 6-2Db, E). > T, ZOKMT
VX8 R A SR (LOC, ROC) IZE 1| REEHR DA
(LIC, RIC) IZ t KD & 3 A Tlx o Tz (Figs. SC-D;
6-2Db, E), EItift < TId, WERNZEIINEENIES E & (FIC)
THRBBEICESL, BEHsNREICESE L Tk (Figs.
6-2Fb; 6-3Gb, Hb), - T, ZORMETIE, E£HDIMER
BHIAREEAEDOHIBIZE 1 ROEE 4 4Tl o> Tz (Figs.
6-2Fb; 6-3Gb, Hb).

RGO MRS ZE A E R (FOC), ERNBNESSRK
(FICB) BLUNBMANESER FIO) 1T, LT7TFAH17,
LIYFAa% 7AYHA?, raFavhf¥ev
N ERERRIC, 2 THE (MV) THEEE L TWwW/z (Fig. 7B-D, F,
H) > T, #E6EFRIVENICEDICRET L0
"JEETH > .

fRZE S

ﬁﬁ%@?ﬂ%tﬂ%u TNTNDELESR (PF) O %R
R AR (ICB) TS U T /= (Figs. 8A-C; 9A, B), fil
ERERERIIL S TFI A1 VDL FA 209 THR
HHENTND, LhL, REEOLSYFAHA VLT
B a0 TR, BRMEEO) Sy X ERES T,
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R EERESHEORNELAEOL TOMER (KER)
DHMZEEKL TWS, FUEREEOT YA, 70
FauHA9 XY, vHF A YRAF T, U
A TFERES> T, EEROM & MEMBEEETE
HLTWS,

g
H

LR

Dufour and Beninger’ I3, “#HHEOMOEFRMEZN
¥ LA O EEER DR % Interlamellar junctions (A ZE ff jH
#) THE#E L TW3 Homorhabdic filibranch, NZE S ED
FEAROME MENEML TEEL, BELZEEROME
WE D H D %KY (Ciliated spurs) TEFHE L T 5
Heterorhabdic filibranch, B4 L /= % R D% Interlamellar
junctions (fE AR #5) T # L T % Homorhabdic
eulamellibranch, N &N FEO EMAROM ZMEMELL T
HEEL, BELEEROMZERBERETHEEL TS5
Heterorhabdic pseudolamellibranch @ 4 D QOEIZ 731 T 5,
Uiy SEOMIER, 7av A1 7, saFaviivf?®,
IRV, IHF P4 FRAF D LRI, EEREEK
TAOEMESR (OF) 2—# & LT, BEALEBEER>T
V7= (Figs. 10A, D, E; 11A<C; 12B; 15A-D), LinL, 7a%
HA?, saFavliv4¥0oxxX? LR Eo>T, Fio—
HOMMRIITHF P4 FRAFT Y LREKICEEREHE
AOHEB LB EE RO L MBICRER U R mE
41 (FCM) TR S Cha/z (Figs. 10D, E; 11Ab, Bb; 12B;
15Ab, Bb, Cb, Db), ZHBEDZEMS, U T F 1 IFED
13, Homorhabdic filibranch #i&ED L T F 1 T ¥ w4
54 % >3 9 B & U Heterorhabdic filibranch #i& @ 7 3
YHAD, raFagfce e ? LB iz, v HFY e
A4 & RHF "D &R D Heterorhabdic pseudolamellibranch
WiEERT I ENASNTH S,

ERFEDME

s (CA) DAL, ABEEIR (ABV) & HEEEIR (EBV)
M ETFICI A THEE L TWiz (Fig. 8B, C). AMEEIRM 5
W AEEERTEAE IME (ICV) 232 NS LT, 1 DIids R
HNIEQFEI# HEE T 54 A SRR B MEE L E (VAO) ~,
1 DIFNEERED R HET 2 NN ELRMELE
(VAD) NEET W7 (Figs. 8A-C; 9A). T 5 OHFEFE &
513, FEROBZETTHHERMLE (VOF) BXUE
R OREETT 5 EMERME (VPF) B2 L T, #ED
FEARI O e AL S B g (FG) Ao TR T W e,
wH, WEONELNEOFEROMZERE L TS

MR HE (ICB) O WY, SBIERTEE A ME (VICB) 23 ET
LT, NESNEDFIARME DM Z B L T/ (Figs.
10D; 11Aa, Ab, Ba, Ca, Cb), F7z, SERREEE (FCM) i
THOBEEET, TOMOEEITEREESEDLE
(VFCM) &7 5 Tz (Figs. 11Cb; 13A-E; 16B-D; 17A-D).
BEMETRTIYHA?, 70Faui( ¥R &M
¥Rz, BYEHEE LT (VFG) 25#E £ L TW 7 (Figs. 9C;
10B, C; 14F; 15Ca). BMEMEEME NIL, WEENZESSHE
NZEOHEMBARME & O FMRMESHEL L Tz (Figs.
16B, D; 17A-D). BWEHEME 518, WNIEAZEE
WNEEDHSRME & EERME L TIECT, minE
AR EREE U T 5 HEEAR (EBV) ICEREL T,

INSOEENS  METOMREZHEITS ERDED
12725, IMAE, AMEEIRD S MEEMEEME#BHL T,
RN BE 2 E T 5 NN EEEIRAGE I & B Wi s st
EEfE T /BN ELARMBEME AN, hs ot
DS R ME B K O ER B~ L CTEERE
Wil L%, BEMERELENRAL TRET 2. &P,
AR D & 2 AT, FARME S ZOE R E
ERND MRO—HIIAREEZELENRAL TRE
ERICEMRMES I OEMRNEARD, 0Ll
REEREEC, ZhS—HORNERDERL TEYEA
WMo THRNS, iz, EERMEHEEEMEFHENE &
LU E T, NEH D WIS RO R ANE 2N
TEEMBO—EBIIK M EETTE2ENTNONES S
WIEREOEEARME N LKL THN D, O, ik
MBS ME TRE U iR mE O Mk D —H b 1 44%
AL TR & £179 2 EEAMENEEHEL T
ik g
BYEOEATIE, NENED L WIIMENEDOEMHR
M & FEARMEN SO MK EYBIELE TRE L
%, NENED D VISBENED EZHEARME & ¥R MmE
ANEFHHT S, ZORH L AmiE, —EISERMEEERE
MEARALTRS LRI, FERME & EHERMEAN
ERET S, ZOXD IERBERRERIC, s —HD
FNEZORLU CTHESRRNEED, ZHITMAT, #4
PR IME TEMK L 72 Mg s &5 L THERIRNEF D,
L DT 5,

EERELAME

FHRB L CEERISATE R E (FCL) TEDLN, fl
B IREEE (LCL) % i A TWiz (Fig. 12E).

SMEESLEE O BRI A A L ETE (BTO) 45, BN
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EOHEIITITNENZER R (BT A%, WHESLEE LS EEN
EOESITINNEANERLKE BTL) 2R INT
V7= (Figs. 6-2Db, Fb; 6-3Gb; 8A-C; 9A), itz 8 5 &,
FNOOREBRI7IYH ", snFauhq Ve
EEREIC, ETEDN TV,

£ (FG) B&MEDE AR £ 12E R U0k
IZHEE L Tz (Figs. 3A; 8A, B; 9A-C; 10B, C; 14A-F), #
BihzElss, AMKRITIAVHA?, s0Favfir?
2T EERIC, SAEENEOFEIRIEN SIS E
U TREICEE L, EERNEERONIN S BYE
WHEL-EET, REANSFETEDN TV (Figs. 8C;
15Ab, Bb; 16A-D; 17A-D),
=55

B#HLP)IIE FT) 2P LICEARRITMEL Tz
mgﬁkwAQoEE@%#HW%&%%®%%%£@
F# (LUL, RUL) & FEF? (LLL, RLL) THeA T, HEZED fi
22T kD E o Tz (Figs. 1A; 18C-E). EEFHF &
TEHOE MMM O (LOG) ZF M L Tz (Figs.
6-4Kb; 18E), ML OIS, MEEOHMNEEAEHEKRE, RNIEN
R, NS NEREEOGE 3 ADEKNE, BX
UNELANEDEE 2 AOBRYE SEK L Tk (Fig
18B, C)o KWT, IfLOEIZLETORE (L) D2 &EITHR
TN TWBIENA M (POG) ~ & E R o Tz (Figs. 18E;
19D). AL OWEITEENBBOHRLIIMET S O (0A) N
L7325 Tz (Figs. 18C-E; 19D), #ikazE5 &, B,
B MTEB LR EONER, ®TH#ETEDOATY
7z (Fig. 19B, C, E-G).

INSOEENS, WTHELABRERNTZO0X TER
REERDEDICHERL 2. MOZKEERARIZ, FER
EEBROMBEE (LCL) THRMZ2 @il T 5K EE R Z
U, /K OBREH T2 & EROMTIEEL THiEd 3, #
B UABRBRITIE, —DIXFEROATE (FCL) THED
HEIREAN, —DEEMEROMBETAMBAER ™Y, &
i & BYE TR MEAEY, A OEEREELTO
ETCHEATHRT S, ZDEE, BRAKEOREBEYHE
TN B APREF R FIEIINZEEITNE, MO
BiINTI, BROMBETINSZZD, Mg (BHEA
) ICEATHIRICL, BELLTEROANIELT 5,
PR E N 7= BT HRHGERS 2 B U TGRS~ S h
%, UL, k%@%@%@~%ﬁ%ﬁ@@ﬁéﬁmbf
MO EETH, O TEATHET S, Zhis—
DRREY OERLE THRBES CIT->Tna 2,

g2 08

V&1 SXDOEMEET~Iz, UV Trs17FEHM
ODHEIESNAWEBES LT, SIEEICIERERNIC
EFLRYek T 220 00kmig 2 MmA, HKOAE]

KIIAEREZRA Tz, BEINESAZEDEFROM
T ARZEREE R CEAE L, BB LA REREFEROMB
K OB HR D % SRR RS IR T =k U 72 Heterorhabdic
pseudolamellibranch #3& % /R L 7z,

X Mk
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Short forms used in the figures

AAM, anterior adductor muscle RiPA 5
ABV, afferent branchial vein N
AN, anus ATFH
BC, branchial cavity i
BTI, based ciliated tract of inner lamina of inner ctenidium
RN LR
BTL, based ciliated tract of inner and outer laminae of ctenidia
SPAS AN =¥
BTO, based ciliated tract of outer lamina of outer ctenidium
SRS SRR IR
BY, byssus PN
CCM, ciliated canal of the mantle through which debris is passed
out from the mantle chamber HEH @
CL, cilium HE
CT, ctenidium fiR
DD, digestive diverticula rh 5 R
EBYV, efferent branchial vein HH AR ER AR
EO, exhalent orifice HkO
FCL, frontal cilia Bt &S
FCM, inter-filament connecting membrane MRS
FFSM, fused border of front part of suspensory membrane
BT A B
FG, food groove B
FIC, fused border of inner laminae of inner ctenidia
NERNZE S E R
FICB, fused border of inner laminae of inner ctenidia of both
sides A NEENIE G5 %
FOC, fused border of outer lamina of outer ctenidium
SN ZESE R
FSM, front part of suspensory membrane IR FIER
FT, foot J=)
ICB, inter-laminar connecting bar SR TER A
ICV, inter-laminar connecting vessel A 2 [ A i
ILI, inner lamina of inner ctenidium NN TR
ILM, inter lamella of mantle margin NEEENE
ILO, inner lamina of outer ctenidium 24
10, inhalent orifice ATKE
L, lip =
LCL, lateral cilia k=
LIC, left inner ctenidium N
LLL, left lower lip ETER

LOC, left outer ctenidium SR
LOG, lateral oral groove EIEvAmpe -
LP, iabial palp =5
LUL, left upper lip rER
MC, mantle cavity L&l
MDL, mid-dorsal line HEIE R
MG, mantle gland SNERR
MLM, middle lamella of mantle margin NERGIE
MT, mantle HER
MV, microvilli #hE
OA, oral aperture 1
OF, ordinary filament R
OLI, outer lamina of inner ctenidium RS ZE
OLM, outer lamella of mantle margin NEBHEINZE
OLO, outer lamina of outer ctenidium sl s
PAM, posterior adductor muscle AT
PD, pallial fold PAE =2
PF, principal filament E R
POG, proximal oral groove iy IANP:
RIC, right inner ctenidium P
RLL, right lower lip HFEHR
ROC, right outer ctenidium P4
RUL, right upper lip palin=313
SBC, supra-branchial cavity iR e
SM, suspensory membrane R

VAL, longitudinal vessel running along the base of inner lamina
PR A T R A M
VAO, longitudinal vessel running along the base of outer lamina
SRS\ SEAL B AE il
VECM, vessel of inter-filament connecting membrane

A P A R 0

of inner ctenidium

of outer ctenidium

VEFG, vessel of food groove RYIENGE &
VICB, vessel of inter-laminar connecting bar
SRR E
VM, visceral mass NS
VOF, vessel of ordinary filament RN

it
&
&
L

VPF, vessel of principal filament
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Fig. 1. Ventral side views of the soft part of the Pen shell Atrina (Servatrina) lischkeana. A, The whole soft part; B-E, Notice the
ciliated canal of the mantle through which debris is passed out the mantle chamber (CCM); F, The labial palp of which
foot is cut off. Bar in E =100 pm, and bars in other = | mm.
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Fig. 2. Vertical section of the soft part near the site of the pallial fold of the Pen shell. Vertical red line in the upper left small
figure shows the plane of section corresponding to figure A. B-G, magnified the parts of B-G in A. Azan staining. Bar in A
=1 mm, and bars in B-G = 100 pm.
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Ventral views of the soft part near the site of the pallial fold of the Pen shell. A, Notice the fused border of front part of
suspensory membrane; B-F, The fused border of front part of suspensory membrane separates into two; G and H, The
exhalant orifice and the supra-branchial cavity; Arrows in B-G indicate the boundary of the ctenidium and the fused border

of front part of suspensory membrane. Bars = 1 cm.
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Fig. 4. Sections of the mantle gland of the Pen shell. Diagonal and vertical red lines in the left small figure show the planes of
section corresponding to A-G figures. B-D show the magnified parts of A. Azan staining. Bars in A and E-G = 1 mm, and
bars in B-D = 100 pm.
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Fig. 5. Ventral views of the ctenidia of the Pen shell. A, The ventral view of the ctenidia; B, the abfrontal view of the ctenidia
pulled apart; C and D, Notice the supra-branchial cavity and the ctenidia. Bars in A-C = 1 ¢cm, and bar in D=1 mm.
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Fig. 6-1.  Vertical sections of the ctenidia between the pallial fold and the posterior adductor muscle of the Pen shell. Vertical red
lines in the left small figure show the planes of section corresponding to A-C figures. Ab and Cb are extended figures of
Aa and Ca, respectively. Azan staining. Bars = 1 mm.
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Fig. 6-2. Vertical sections of the ctenidia between the posterior adductor muscle and the visceral mass of the Pen shell. Vertical
red lines in the central small figure show the planes of section corresponding to Da-Fa figures. Db and Fb are extended
figures of Da and Fb, respectively. Azan staining. Bars = 1 mm.
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Fig. 6-3. Vertical sections of the ctenidia at the visceral mass of the Pen shell. Vertical red lines in the lower left small figure show
the planes of section corresponding to G and H figures. Gb and Hb are extended figures of Ga and Ha, respectively.
Azan staining. Bars = | mm.
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Fig. 6-4. Vertical sections of the ctenidia near the site of the labial palp of the Pen shell. Vertical red lines in the middle small
figure show the planes of section corresponding to I-L figures. Ib and Kb are extended figure of Ia and Ka, respectively.
Azan staining. Bars in la and Ka =1 mm, and bars in Ib, J, Kb and L = 100 pm.
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Fig. 7.

Vertical sections of the ctenidia near the site of the visceral mass of the Pen shell. Vertical red lines in the middle
small figure show the planes of section corresponding to A, E and G figures. B-D are extended the parts of B-D in A,
respectively, and F the part of F in E and H the part of H in G. B and D, Notice the fused border of outer lamina of outer
ctenidium; C and F, Notice the fused border of inner laminae of inner ctenidia of both sides; H, Notice the fused border of
inner laminae of inner ctenidia. Azan staining. Bars in A and E = 1 mm, and bars in other = 100 pum.
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Fig. 8.  Vertical views and section of the ctenidium of the Pen shell. A and B, Parts of the ctenidium; C, Ctenidium section dyed
with the Azan. Bars = 100 um.
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Fig. 9. Vertical views of the ctenidium parts of the Pen shell. A and B, Notice the inter-laminar connecting bar of ctenidium; C,
The inside view after removal of one side of laminae. Bars = 1 mm.
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Fig. 10. The ctenidium lamina of the Pen shell. A, Surface of the lamina; B and C, The inside views of the laminae after removal
of one side of laminae; D and E, Cross sections of the ctenidium lamina. Bars = 100 pum.
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Fig. 11.  Cross sections of the lamina of the Pen shell. Vertical red line in the middle left small figure shows the plane of section.
Ab, Bb and Cb are extended figures of Aa, Ba and Ca, respectively. Azan staining. Bar in Ca = 1 mm, and bars in other =
100 pm.
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Fig. 12. Cross sections of the lamina of the Pen shell. B-E are magnified A. Azan staining. Bar in A = 1 mm, and bars in B-E =
100 um.
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Fig. 13.  Vertical and horizontal sections of the lamina of the Pen shell. A and B, Vertical sections; C-E, Horizontal sections. Azan
staining. Bars = 100 pm.
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Fig. 14.  Food groove of the Pen shell. A and B, Vertical views of the food groove surface; C, Oblique section of the food groove;
D, Cross section of the food groove; E, Vertical section of the food groove; F, The inside view of the food groove after
removal of one side of laminae. Bar in A= 100 /£ m, and bars in B-F = 10 pm.
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Fig. 15.  Cross sections of the distal portions of the laminae of the Pen shell. Vertical red lines in the left small figures show the
planes of the respective distal portions of the laminae. Ab, Bb, Cb and Db are extended figures of Aa, Ba, Ca and Da,
respectively. Azan staining. Bars in Aa, Ba, Ca and Da = 1 mm, and bars in Ab, Bb, Cb and Db= 100 um.
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Fig. 16. Vertical section of the food groove of the Pen shell. Horizontal red line in the upper small figure shows the plane of the
distal portion of the laminae. B and C are extended figure of A. A, Right ctenidium; B, Right outer ctenidium; C, Right
inner ctenidium; D, left ctenidium. Azan staining. Bar in A= 1 mm, and bars in B-D = 100 um.
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Fig. 17.  Vertical sections of the food groove of the Pen shell. Azan staining. Bars = 100 pm.
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Fig. 18. The labial palp of the Pen shell. A and D, Right side view of the labial palp; B, Ventral view of the labial palp; C, Ventral
view of the labial palp after removal of the foot; E, Inside view of the labial palp. Bars in A-C = 1 cm, and bars in D and
E=1mm.
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Fig. 19. Vertical and oblique sections of the labial palp of the Pen shell. Vertical and oblique red lines in the middle left small
figure show the planes of section corresponding to figure A and D. Figures A and D are extended to B and C, and to E-G,
respectively. Azan staining. Bars in A and D = 1 mm, and bars in other = 100 pm.



