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Radular morphology and feeding tracks of Liolophura japonica

(Mollusca : Polyplacophora)

Akihiko Matsukuma and Yutaka Tsusakr*

Abstract

The functional morphology of the radular teeth and feeding tracks of the common
Japanese chiton Liolophura japonica are investigated. About 90 transverse rows of radular teeth
are tangentially placed on a long but narrow radular ribbon. Each transverse row consists of 17
teeth arranged in bilateral symmetry : a central tooth, two central lateral teeth, two major
lateral teeth, and two major uncinuses that are spoon-like. Two inner and two outer small
lateral teeth are block-like. The major uncinus and the small lateral teeth support the major
lateral tooth. Two inner, two middle, and two outer marginal teeth are plate-like and form a side
wall of the cylindrical radular ribbon, the anterior part of which serves to lead food down the
esophagus.

The major lateral teeth in the 1st to 8th rows have numerous scratches on the cusp and
lack the major projection. VTR observations of radular movement show that L. japonica has a
weaker and a stronger method of grazing. The former is not strong enough to produce feeding
tracks on an acrylic or metacrylic sheet in a tank. Analysis of feeding tracks on artificial
substrates provides idealized sets of impressions of feeding strokes. A single feeding stroke
produces 3 to 5 bilaterally symmetrical chevron-shaped feeding tracks. This evidence suggests
that only the cusps of the anterior 4th through 8th major lateral teeth are usually used for
feeding.

For these feeding tracks the new ichnogenus Chitonichnus with its type ichnospecies C.
liolophurus (new ichnospecies) is proposed.

The result of X-ray diffraction methods shows that the major lateral of L. japonica has a
magpetite cusp. The magnetite cusp in chitons may primarily be an adaptation for grazing hard
substances.
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nochiton comptus (Gourp, 1859) IZR.>h 3 k5 R
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AR & BHERE 2O (1), BRI XTI <
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Fig.1 Shell muscle scars of Liolophura japonica. H: head valve. IV : intermediate valves.
TV : tail valve. aos: anterior oblique muscle and anteiror dorso-ventral muscle scar.
Ims: cenral longitudinal muscle scar. oms: oblique muscle (+ latero-pedal muscle of
the anterior group) scar. rrs: dorsal radular retractor muscle scar. tms: transverse
muscle (4 latero-pedal muscle of the posterior group) scar.
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TEREOES (Lmm), H5#H (N) &, £=8K (=
TR I O (Wmm) TRLUIZEFI5 A1 DKE
S O IR O BRH 5 !

L=1.48W+0.47 (r=0.94)

N=2.53W+44.3 (r=0.77)

—HEF1L, TR (C, central tooth) %#A THHH
DY, EENTRC g, s (CL, central
lateral tooth), AXflg& (ML, major lateral tooth),
A/MATEE  (ISL, inner small lateral tooth), #i/IMAlEE
(OSL, outer small lateral tooth), XJI(E& (MU, major
uncinus), P#&sE (IM, inner marginal tooth), &
B (MM, median marginal tooth), #Mg#& (OM, outer
marginal tooth) &FEEN%. C, CL /MBI, ML
BEEEEFTRKEL, MU RELKKL, G
CL, ML, MU DO&paER I A 7 — 4K, ISL, OSL @
2/ N ay 73R, IM, MM, OM O 3 & iz
INEVCHCRTH B, BEHRE—RICEOEEUIER
TH 5, MLAFRRCEEEDLF ¥ v IHE

LI T DRESEEEFEDKEE, No. : ZEAES Specimen number,

Size of Liolophura japonica and its radulae.

D : %%\ 0 EE# Distance between radular rows (mm), L © 8§ 5 EE Radular ribbon
length (mm), N : #%!#{ Number of radular rows on the ribbon, W : 8 3 Btk (=
AR 1) & Width of the third shell plate (mm).

No. W L D N
A007 19.05 28.76 0.29 91
A008 13.65 20.05 0.25 -
A009 15.50 24.71 0.27 90
A010 19.70 28.00 0.33 90
A011 17.90 25.75 0.30 -
A012 17.55 27.90 0.31 -
A013 19.70 31.18 0.32 101
A014 17.65 25.06 0.30 84
A015 13.55 20.29 0.28 76
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Fig.2 Radulae in the 1st through 14th rows of Liolophura japonica. C: central tooth. CL:
central lateral tooth. IM: inner marginal tooth. ISM: inner small marginal tooth.
ML : major lateral tooth. MM : median marginal tooth. MP : major projection. MU :
major uncinus. OM : outer marginal tooth. OSM : outer small marginal tooth.
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EEDF %y 7ORBIN 1lmm THS, F+y 70
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53, $%bb, TETHDOZWEI~ITIHDHE
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Figs. 3-7 Magnetite cap of the major lateral tooth of Liolophura japonica. 3 : Magnetite cap in
the 9th row. 4: Magnetite cap in the 1st row. 5: Magnetite cap in the 5th row. 6:
Magnetite cap in the 3rd row. 7: Edge of magnetite cap in the 1st row. MP: Major
projection of major lateral tooth.
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T MP B8KEL T3, ETEMERHW ML %
WBO* vy 7OBECINE, £1~8FHTIZEK
DOVATL B ESBE I N, * vy 7OBRIIEFEL
Tw3 (K4-7), —H, BIFIHLVBFOH LW
WEEOF v v 7BV BIREL, 8HunyF R
HoTwns (M3).
BEEIENTCRETBCEEIA TS, STEBY
Nk E L Twa, BHROEEBIIOE TR, ki
HoBRE, WEETO 2 HOEEEKE2EL LS
FoEIRTWS,
WEZHERT 28 . eV I VA BEFELEI OV,
X-MRBEC LY, EfGREEL(KS8). RLBLY
—2713260=35. 4 fHEcHh, ZDi1E»30.0°, 62.4°4F
FIzbE—2o28b 2, Ind ke Z2NHEED
(311), (440), (220) HOE—27ctHL s 5 L Ebh
%5, B15HO ML BiHOEEF v v 7OF Y P L7
A=A AT & BETROBERE2E 2 WTRT, 2
OEED, ROBOEY — 2 i320=35.5(RIEN 5,
TG & 13, BRSO — 27 DEd, 758
A MNEIDOHDERONEBEERDTFHE— 7GR
7z,
B OER) [ AEORE EBETO LY T F A DD
WEBROE & % ML AROBRGTICER L THEL
TofER, 2EEOEEXNH S I LML 2. BB,
BEERcHLYTONTE 1~ 9IFIHOEEEIIZIZHE
—DHEEEY, EhA»OPRABE T 25E (K9

Pattern of X-ray diffraction of whole radular feeth of Liolophura japonica.

B) &, 855~ 8 FIH DB EIMIBRZ WNB R E 2 L H
SEEPSHRABEHT 255 (KIA) Tha, HiE
DGERHEESEE L H 25058 22w, #B¥%
OHFEEFTIV ATV LS BEENHEZ 2 3.

E YT 0 A OBEREES ¢ 7 2 U SRR _E DB
BESOPRERREZST, NSREERPE BRI
FroREE L TEY (K10), #5727V VEgR EoE
ERBNE, WO RERRTHS (K11-12). EEK
BROEHST I—RC—ROBETH 228, Bz 2E0%E
HBIx5b0HH 5 (K11-13, th). b 5 DOREH I
TH, 1EHOEHEHEWIINOFE 3~ 5 EEAER:
BaelTwa, 7279 VgheiR LoZ/IOREEIZE D
Sh~, GRIOEBNIAE D & ENEEMTRO/NS 2B
EBDWTw»3, X3 7V BIRIK ORI, Z/
DRBMIAEIROYIRTR T, AL > THRZ I <
2y, GREIOERE, AWSITIRERT, EAmd»o
THhRA i< 23, Bls, 727V ABilgiRt, 252
VIVBIBIR E, &% 5 OIEIR EOE b EENHTH
3. EEEEBOR Y 2mm, EEDOEBORRIZ 1
mm, BROEIFOMREIZH0.25mm TH 3,

RS 75 DEH

AZ 7V NVERIR EO T 5 A OBEEREY 2R
E LT, FEIRSY 7Y Chitonichnus Lolophurus Mat-
sukuMA and TsuBakt (n. ichnogen. and n. ichnosp.)
ZHRIET 5.

Chitonichnus n. ichnogen.
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Fig.9 Two types of grazing and the magnetite cap movement in the 5th through 10th rows. A :
A stronger method of grazing. B: A weaker method of grazing.
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Type Ichnospecies : Chitonichnus liolophurus MATSU -
kKUuMA and TsuBaki, n. ichnosp.

Diagnosis : A set of bilaterally symmetrical grooves
with 3 to 5 chevron-shaped tiny striae arranged in
tangential rows. The striae are oriented perpendic-
ular to the symmetrical axis.

Derivation of Name : Combination of both chiton
and ichnos.

Chitonichnus liolophurus MATsSUKUMA and TSUBAKI n.
ichnosp.

(Figs. 10-13)
Type Series : Holotype, GK-N10102, a set of feeding
tracks on an acrylic sheet produced by Liolophura
japonica in tank.
Diagnosis : 3 to 5 bilaterally symmetrical chevron-
shaped tracks consisting of straight furrows or
scratches engraved into the substratum. The
scratches are widest at the outer extremity and
narrowest at the inner extremity.
Derivation of Name : Chitonichnus liolophurus is
produced by Liolophura japonica.
Remarks : The cusps of the anterior 4th through 8th
major lateral teeth of Liolophura japonica are usu-
ally used for engraving.
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FroELUMEET NV (Morris and Hickman, 1981 ;
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Fig.10 Feeding tracks produced by Liolophura japonica on acrylic sheet. Scale: 0.5mm.
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EEESERH SN S £ Wbt Twiz (CAREFOOT,
1965). SEM IZ X 2 E¥ T4 A BEDEREB L UF
FEEOWBREOBRES CORMEXIRELTWE LS
WRz2%, LrLieds, SOERENTHESLIE
FIHA D1 BOEEEOR & 12 & 2 BRI, 3
~ 5 EDELGNHENOFEEERTBELTWS, L
7o T, BB ER OIS S 8FIE £ COMER
DIH, ERCEBHERINIDIRE4~8FIHD
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DCEBHIIERA SN, HEIFERSLTHR WEER
HOEThEEZLNS,

BRI D Tegula funebralis (A. Adams, 1854) D
EEBFOHETIE, F—EFIHFD5, 6 ROFBEHEH
FHEEHI S &, Hl 23 ZNAIEHE (dominant
inner marginal tooth) #SExbiE <, FMUADEEIZE
§9< 725 Z PG5 TS (HickmaN and MORRIS,
1985) . FHiEtR LD &5 A OEBEHEI OREIE I35 2
mm, B 08 OB O MR IZH0.25mm TH 3
s, Tns QBRI ML 5RO B a0/
FFry W EoToO20hEEZLND, Hlb,
EY TN CREEPEEBRENEBEITML 2
FAMTo T3, EEEBOSRE SGILEE 1 AOH
TTETWEY, I 2ERDE, 6225 DHH 5 (K
11-13, th). E¥FI7XA DML IZ 1R TH 555,
2EDOHEND LREPHIZBZ S  HRIZHHHZREBO
HEEEHRICL VRSN bOEEZ OGNS, BE
JE_EDEE ORERSEF v v 7ORRRIE 1 mm Th 328,
B E RS (radular protractor muscle) & K (radular
cartilage) W X VB EVSBERCHFLLTF >N 2
(GrauaM, 1973) & &, ML BEA BN TIE 2 mm &
ILDSY, INEER OIEI X D EEBESH LAY o h
T2 ARG &AEND & EEN ML 32 B
WY RBOBEELOTEHEINS, EFIHA
DOWWATIEL /-8 F % 82 3 5 W X Chiton
olivaceus Spengler, 1797 (Sampson, 1895), Lepido-
chiton cinereus Linnaeus, 1767 (Gramam, 1973), B
FUNTFTEVFTHA LR, BRI AR

HCEEBL T8, HANLEHEERZIEGSRE 2
LZEeBTFHEENS,

EYIHA4 TR, wEBELEDC, CL, ML, MU ®
FBWEEIIA S — 4R, ISL, OSL D 28ix7 oy 7
iR, IM, MM, OM @ 3 &3tk Th 3. EEHED
BEP S, A7 —ROEEED > b Felm i EE O/
EihF v v FEFEOML BMEREET L5 RBWIE
EED %, C, CL, MU OE®WEHEIIRE2ER S LW
YO RBEERDEBIR o TWAEBb LILS,
Juay 7D ISL, OSL & ML O 2 O#%RE % £
L, RO IM, MM, OM @ 3 8BEHE B SIS iz
EREPEBYR PREE L BROBEPEBRL T2,
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BR6+2+14+2+6TRINB, BRrFEL
BRENPOXZOWEBEEELRICSTT, 3+3+
2+1+2+3+3EHRBTAZEHARETH B,

Acanthopleura echinata (Barnes, 1824) ® ML @
SEIRER ST W T, BEIS RSk, KEEHS (v
ERIay4 ), BREIS (735 4 M) 258k
&E&N T3 (LowensTaM, 1967). EV I HARED
X RfEfT 0 &, ML Sl OB BIS BRESEE 2 &A T
WA EDERENT, Y ENVT 44— X T DR
FE7, EFIHTAB/ERINA R DT FETNIAL T
DEFED TR L TWwE, ML O&RTIR, £, B,
HEDIHIVPBEEIND Z &5, Acanthopleura
echinata [AkE, VEF Z7a¥4 b 2&E 2 L3 FHES
nas,

& i

EFI A4 OWETIE, BN ITROBERIL
ARFRCAE T, OF» & RERREE E THREE L
90T B 5, E1FIOEERT TIIA S — B
DOARBE ML 25 b K & <, SLific 3EskgEcT&Ek
IV 1IWERDADF v v T B2FFD, ‘

E 54 4 QOB & 7 i3 E R I R
BIMOEERD LEBOES LW R
3. AKENCERE S BB cE s - BEN 2
FIH A DEBEENE, EAERTRO N DOFEROEYH
3~5@EER > EE LT3, BEEEROYA X,
HE»SHM T2 &, E¥SHAL TR, BEED
Tegula funebralis E L Bizh, BEENEZ DT 2 0DIX
ML DiE#ksh* v v 7OEH12FTH 5.
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INETRNTH—IFBHIEDLN L DT TR,
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H11—-13 AZ 27 VMR EDE YT 7 A OFAHRER th © 2 ROV & 7 2 BEHRER. 27—V

134 70.5mm.

Figs. 11-13 Feeding tracks produced by Liolophura japonica on metacrylic sheet. 11: Five sets
of feeding tracks on metacrylic sheet. Scale: 0.5mm. 12: Two sets of feeding
tracks produced by two strokes of scratching. Scale: 0.5mm. 13: A track with
double scratches (tb) possibly produced by a chipped cusp. Scale: 0.5mm.
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Table2 X-ray diffraction pattern of the cap of the major lateral tooth obtained by
Gandolfi Camera.

26 () d (A) Intensity JCPDS card

d (A) gy (RedTE)
355 2.5286 very strong 2.532 magnetite (311)
31.9 2.8053 strong 2.814 hydroxyapatite (211)
30.8 2.9029 medium 2.967 magnetite (220)
26.0 3.4269 weak 3.44 hydroxyapatite (002)
43.0 2.1034 very weak 2.148 hydroxyapatite (311)
47.0 1.9333 very weak 1.943 hydroxyapatite (222)
53.0 1.7277 very weak 1.7146 magnetite (422)
57.0 1.6156 weak 1.6158 magnetite (511)
62.4 1.4881 medium 1.4845 magnetite (440)
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Y Chitonichnus liolophura Matsukuma and Tsuba-
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