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Abstract: [Objectives] The radular morphology of four Pleurotomariidae species, i.e., Bayerotrochus
teramachii, Mikadotrochus hirasei, M. salmianus, and Entemnotrochus rumphii from the East China Sea were
examined by scanning electron microscopy (SEM). We provide clear SEM images of the radula of
Pleurotomariidae to further discuss the application of radula to Pleurotomariidae taxonomy. [Methods] The

shells were broken into pieces using a hammer, and the visceral mass was removed with a dissecting needle to
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obtain the internal tissue. The radula was removed using a knife and analyzed under an anatomical lens
(CEWEI PXS9-T). Any remaining soft tissue was soaked in 10% NaOH for 4 h, until complete dissolution,
following which they were cleaned using an ultrasonic cleaner (GT SONIC-D2) for 2 min, rinsed in distilled
water, dried. Radula samples were mounted on sticky tabs, sputter-coated with gold, and imaged under low
vacuum. The prepared samples were sputter-coated with gold, using a Cressington Sputter Coater 108auto,
and analyzed using a scanning electron microscope (SEM; TESCAN Vega3). Cleaned radulae that haven't
been used for SEM were mounted on a glass slide in water, covered with microscopic glass, and observed
under a compound microscope (CEWEI PXS9-T). Radular teeth were photographed using a camera attached
to the microscope. The portion of the radula that was not coated was observed using an optical microscope.
[Results] The radula of Pleurotomariidae species is different from that of most gastropods, with six different
types of teeth: rachidian tooth, inner lateral teeth, outer lateral teeth, sickle teeth, filament-tipped teeth and
paddle-shaped teeth (Fig. 2). The four Pleurotomariidae species in this study all have 1 rachidian tooth, 2 or 3
inner lateral teeth, 20 - 25 outer lateral teeth, 16 - 32 sickle teeth, 35 - 62 filament-tipped teeth and 10 - 26
paddle-shaped teeth (Table 2). [Conclusion] The morphological differences of the radula are less within genera
and greater between genera, which is mainly reflected in rachidian tooth, inner lateral teeth, and the cusps and
bases of sickle teeth. The radula of E. rumphii has 26 vertical rows of paddle-shaped teeth, unlike the previous
study which had 10 vertical rows. The transition between sickle teeth and filament-tipped teeth and
filament-tipped teeth and paddle-shaped teeth are described in-depth, two criteria were proposed to help to
determine the number of these three types of teeth.

Key words: Pleurotomariidae; Radula; Morphology; Taxonomy; Scanning electron microscope

FHIEEL (Pleurotomariidae) 3 J& T 8k
1] (Mollusca) /249 (Gastropoda), 1l
& 4 NPLAJE (Bouchet et al. 2005, Williams
et al. 2008), 4K 30 RAMUEFT (Zhang
et al. 2016). FHHEIRZ WS TURHEE, ALK
Wi (Bayer 1965). 5 AUEHHA T L KA 304
AR FR A RS B, (R D52 S EACE 2
AL, RHASKIFRIRE IR, =T ARSI
A AN IARE 2 2 2 e ()i 28 8 (Hickman
1984a, Graham 1985),

Wi KRR EIMRESRE, %
WEFEF NN, A TR AR I L 288 S a)
X5 Bk (Habe 1964, Adam et al. 1984).
U5 F2 S0 30 A SR A R ik A R C
55 1961), 155 AR F 45 1 LU RURE IR,
WS GWMCAZ IS, 8 E SRR A F
4y N gtk (rachidian tooth). Pl C(inner
lateral teeth). #MU A Couter lateral teeth). %

RiG Csickle teeth). £24Ri4 (filament-tipped
teeth) FIHIRA (paddle-shaped teeth) 6 /M3
M (Hickman 1984b).

Fretter (1966) X 1] % 5745 (Perotrochus
amabilis) MIKik #5548 (Bayerotrochus
midas) FVERFHATHEG], X —FH N HES
AUNKBCEHEAT T 7] 903K . Hickman (1984b)
IR HERT A2 (P quoyanus) FIKIA 1T 55 7
PR EAR B SR AE A, AR DR 5 BR
T 6 M4 . Harasewych 28 (1993) X 5L
AR (P maureri) 347 7RSS,
BERGRIR 5] R SRR E A, $Eil
BLINET PIB AN AT 5 55 PR B R — AN AH S P
61>k . Kuramochi 5§ (1996) /= H H AL
W) 6 P BB F AT TR RS,
WM ER T R ERIES S /MGEE,
SRt T — ML TOR (A IS A,
IRHMEFEAT XL . Zhang 55 (2016) KEFGEH
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g (B. delicatus) i, A T HGHEEEE
W, DA ZERHBIX 2 7RSS RES
SENT S AR . XS AR EVERBE R RO, SR
R AR, T REE R E A A SO
i, ENTHEFRFAT, w4 eSS A i
IR Z: (Woodward 1901, Arakawa et al.
1978, Harasewych et al. 1997),

H 19 tH20 Dall (1881) 1 YOk ] 1 43 2
FBT 4 2% 55%02  (Enternotrochus adansonianus)
AT A AT 7T Dok, IRV H AT X 12 MPiak
R IA AT 1A, FRHEN 1 AURA A
B EPRRIEA, BT RIESRRRE, §
ZIEM AR BORE,  HLERZ JE IR 1 RGN L

(Woodward 1901, Fretter 1964, 1966, Hickman
1984a, b, Harasewych et al. 1993, Kuramochi et
al. 1996, Zhang et al. 2016). AHFFTF]FHFAH
4% (scanning electron microscope, SEM) W
SEIR I ARG 4 M PRUR B A A5, i
1T TI@MIE ) 3 285200, A FRIE &5 Bg
IR0 K e RS T TR AL B Al BTk

1 MR5T5E

11 A&

4 PRERIEARA, BIESEIT S AR (B
teramachii ) £ 55 712 (Mikadotrochus hirasei ) .
EES AR (M. salmianus) F142 5§52 (E.
rumphii) (& 1, & 1), F 2018 & 11 H % 2019
M6 H MR AR B AR E R (R D), 3K
FIFRA 6 Ao FRAIRAEAE 95% 1) LBF IR,

SIS AT DU R o AR
12 EENHES

FHBY TTHCH 45 5 3 R im0 2R, MR A
%% (CEWEI PXS9-T, L¥gillges i ARH R
ANFD NSRBI AT, B SR
BT 10%E 548 (NaOH) iR 4 h,
BRI L 5E AV Vi R TR TR R
P A B YENL (GT SONIC-D2, | % [E 43
FIRMERAT) 50 Wikd 120 s, Ff)5HZE
TKHER, G EE T TRAEBARET 240 &
ST,
13 hEFEMEMNE

WA S PE R B TR,
NZERK, RS #EE (CEWEI PXS9-T,
IR AR A F) BB A A
I TSR, N B S T 1 %
14 FEHBENE

V22 3ok B 75 T e S 1A 0 o PR A 4
HBEIIRE S & L, FE IR 8 4 5 fE R e
(TESCAN Vega3, #ERBEEH AR MEI
RELEE

2 #7

21 AFhEEIRR A ERE

SRR 2 M e RN A R
IR, ASZIGH 4 Fh S RIE NS H A
6 PR, PRy, k. s
M. BERYG . ZRGFIRARYG, ARIZEA
Z PR RS (B 2).

®1 HRKRERER

Tablel Longitudeand latitude and sizes of samples

% Species REHA AT e (mm) % (mm) g (ind)
7P Longitude and latitude of the locality Shell length Shell breadth Quantity
ST A 30°42'36" N 81.9 108.2
Bayerotrochus teramachii 128°13'48" E 72.0 99.8 2
AR 30°12'00" N 65.5 76.5
X . . o117 2
Mikadotrochus hirasei 128°01'12" E 62.1 71.0
e S TR 25°4124" N
M. salmianus 122°54'36" E 71.7 73.8 1
AP 27°16'12" N
Entermnotrochus rumphii 126°36'36” E 90.5 115.7 1




+ 916+ =24 Chinese Journal of Zoology 57 %

B 1 $isugmnss
Fig.1 Theshellsof Pleurotomariidae
a. SFETEHRIE; b, A5 o BESXIZ; d BEHRIE,
a. Bayerotrochus teramachii; b. Mikadotrochus hirasei; c¢. M.

salmianus; d. Entemnotrochus rumphii.

W77

n Ol S1 82 F P c

B2 SRRAEEREE

Fig. 2 Figuresof theradula of Pleurotomariidae

a. WHATALE; b WS MALE; o & h AN RIS BN 4 A
A

a. Front view of radula; b. Outer edge of radula; c. Different types of
teeth in radula.

F 2R 1L ik OL AMUs P 2tk R Hakilis S1.
PeRYE (RAMD: S2. BiRYs (RAMID

F. Filament-tipped teeth; Il. Inner lateral teeth; Ol. Outer lateral teeth;

P. Paddle-shaped teeth; R. Rachidian tooth; S1. Sickle teeth near the
center; S2. Sickle teeth near the edge.

211 SFHTSHRIE FHT S
W, 3 FI

IR EA 1 51
» 24 FIAMUEL, 32 FIHRR A

43 B LLIRGFD 10 FIHARUG o o Je ik AT ] ik
BN, R4 800 pm, HEZ) 200 pm,
7 A5 PN P 0 45 2 3 TR R 24 250 ume (P 3a,
b AMUl v, HER— 5 A A K
(B 3b), BRI, #EIVIR, Kimk
Bl (B 3c, d)o ZARGIGINELE, UAER T HE
NRIREER) (B 3e), MR H 2 AR
ZHY (K30,
212 AHRIE AHAEEA 1 5]h g
2 FIAMIYE, 20 ZUAMUYE, 19 FIHRIRYG, 47
G 2 RUTHN 10 FUHARVT o Hp sk 70 A ) 45 95 0
AN, FRUGKZ 600 pm, TEZ) 150 um, A4
PR P 4 25 5B T PR 2 180 pm (P& 4a, b)s
AMIVTFS A 25 i, HER— 1) HLAKC B M 2K
B (E 4b), BRRGRBTER (K 4c, d).
ZEARG AR, AT I 2R A R RIDIR 25 ) (A
4e), FORUGTHEH N HREE M (E 40,
213 HESGARIE SESRUEEA 15Tk
Vi, 2 ZIRMIYE, 25 FIAMUL, 23 BRI,
62 FI L2 RIGHT 10 FIZR UG o o Sk 70 Py 45
BAE/N, PRGKZ) 500 pm, %4 100 pm,
e A AN ER P B R TR R 24 150 pme (] Sa,
b)o AMUGTRIA S, HER—F) B A F
Ky (B 5b), FEE NSRRI A+
SORBVEER] (B Sc), AR 2 ek v v
R H A X (B d)o 2R UTIA R, i
R RN RIPIRZER) (B 5e), BOIRUGH H N
FRgr (B 50,
214 REHRIE E S HMET I 15,
NG 2 51, AU 24 51, BRIRI 16 51, 2T
35 BN L ARVGTAN 26 BB o H S v AT A ] 45
JE/ANTAFAH, HPIetik2) 650 um, FE4) 120 pm,
EE%W%WW@%%@E%%MM<E&,
o AMUVTFEA S, HES—F AR N R
ﬁkﬁ(@6w,$kwwm%ﬁuﬁ%ﬂm
B(H 6c), FEITMLGMHIRGERE, X H
BB 6d). LRGN, YidEl b
NRIPREER (B 6e), RRGEHAE (K 60,
v SRR ARG I S, 1A R
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B3 SPET SRR IS
Fig. 3 Radula of Bayerotrochus teramachii

a. A ATALED b PORBERIAL AMIIYE: o BIRRIE (RAIID; d. BRIRYE CRSMID: e 228k £ ZMRik.

a. Front view of radula; b. Rachidian tooth, inner lateral teeth, and outer lateral teeth; c. Sickle teeth near the center; d. Sickle teeth near the edge; e.

Filament-tipped teeth; f. Paddle-shaped teeth.

B4 AHBEKEE
Fig. 4 Radulaof Mikadotrochus hirasei

a. AT b OGN, AMIIYE: e BRIRDG CIRAIMD: d. BiRRYG CURAMID: e 20K £ 3R
a. Front view of radula; b. Rachidian tooth, inner lateral teeth, and outer lateral teeth; c. Sickle teeth near the center; d. Sickle teeth near the edge; e.

Filament-tipped teeth; f. Paddle-shaped teeth.
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K5 mESRIRKNES
Fig.5 Radula of Mikadotrochus salmianus
a. WEATALE: b RBGRIALL SIS o BRREE CRADID: d. BRIRYE CIRSMIUD; e 220K £ Rk
a. Front view of radula; b. Rachidian tooth, inner lateral teeth, and outer lateral teeth; c. Sickle teeth near the center; d. Sickle teeth near the edge; e.

Filament-tipped teeth; f. Paddle-shaped teeth.

K6 REHARIRKES
Fig. 6 Radula of Entemnotrochus rumphii
a. WEATHLEL b, PORGRIA. SMIE; o SRR CIRAMD: d 80REG OWSMID; e 22R18: £ Z0R%.

a. Front view of radula; b. Rachidian tooth, inner lateral teeth, and outer lateral teeth; c. Sickle teeth near the center; d. Sickle teeth near the edge; e.

Filament-tipped teeth; f. Paddle-shaped teeth.
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AP S e IS NI s R A [ (187 N N DA 3
FFERE M LRGN, Rt Bl % 35 Meetk
W CHRARRAD, PRI ReRE R g Hod .
22 AThERIBRINEESHE

SEHT S 08 5 A 3 A =R, A
vl 3 41, FHoAh 3 Ry 2 Bl Btk EcE 32
H, HHRRUG AR NIEE, HAth 3 FiAZ T
23 Fllo e E S B I OR D A R R At 3 AR
%, 15265, HARGE A, Hai 3 s
910 Bl o 2155 BN AN 1 5 B I 1 i T A
IR, (BEE DA X A, EE S A
HELFRT AU G AN EROIR U, 0 IR 22 R B E A
BEZTUAHRIZ (£ 2). £ 4 MBI S%N &
AL B HOIR U R ZLIR UG 22 18] 2200 UG A3
RG22 R TSN E (B 7).
3 WiR

JE R BV I A A R 2R
3 ARG ARSI S ARG 2 A,
HARRIK S LA (Hickman 1984b), i
K, @B, WdhEHERA 20 5 MAE
RPN AL 100 MU/MA (Anseeuw et al.
1996), il N A F A —HFE B A K& /N A
L5 N JFAAFAE (Hyman 1967), X 5H7
PR R AR IR A 0% . A I S X I (central
field) GFEH R A FSMUIY (Hickman
1984b),  H SR [X 355 14 1 o A /s UG RAN R

B, HAER 2 7 bR vi & M X 3 (Hickman
1984b) . AW FEUL 5 FIIX 4 Fh 5 AR 5 Y
R R U P A S ELAS B A
43, 5 AMUAK Ty S 85 ) A M o AR 14 22 5 B
B WAERIZIRE M, g AN . Al
RS20 43 B ik o A A s et A e 2 &
MEIVIE. Ve, R A R R AR 32 5
Dhfgs L2RGAZIRVTEBE A, (2
e N R Issh E .

A IRAE TR B ARG 4 P 35 AR
AR BRRGFNZZAR G Z 18] . 22 R A
AR Z BB R TS . dERS
ST HT BB T B A RES s RS SR UG
RS L IRe AW RS, ARG
VI 22 RN B N, 2T & RN TS
FEAN T RESL AW, R e 5 B QRBLI AR
VERBRRVG A L2 AR VG I I BT AR, DRI 14
TR BRI B A 22 R G54, (H B BRI 4R,
EURE BA HEVIRIEIEe ), BRI E R
R, AT 2 Btk A A 2R UG 3R X T
ZLRVTAIERG Z AP TS, B 2R
FIRPHE R R G, R BRI
31 HBBARKERYENHESIRE

Woodward (1901) &I, HeRAi7EkEid
FEFPAEAEAR R /NA REIE TR 20 B LA, FFHEN
X RZFANR M DR SR I, EWE 1%
AL 7E 55 AR R B AR P rT B RS 3 32 2

®2 HRBAETHARKKEH
Table2 Number and size of different types of radular teeth

FUHRE SR e RESAR
Bayerotroch_us Mi kagotrqchus M. salmianus Entetmotrp_chus
teramachii hirasei rumphii

gL # e (51)) Number of rachidian tooth (vertical rows) 1 1 1 1

A5 % (511) Number of inner lateral teeth (vertical rows) 3 2 2 2

AMI 5% (511D Number of  Outer lateral teeth (vertical rows) 24 20 25 24

BRIk %0E (31)) Number of Sickle teeth (vertical rows) 32 19 23 16
22IRYi%0E (B1]) Number of filament-tipped teeth (vertical rows) 43 47 62 35+
IRV E R (B1)) Number of paddle-shaped teeth (vertical rows) 10 10 10 26

1 PG K/ Size of rachidian tooth (um) 200 x 800 150 x 600 100 x 500 120 x 650
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B 7 SRBEEETHSERES (ULHRIBAED

Fig. 7 Transition in theradula of Pleurotomariidae

(Mikadotrochus hirasei for example)
a. PRRUGAN LR VG 18] R L T 25 b, 2R 1 AT SRR 147 1) oy 3o 9
2o
a. Transition from sickle teeth to filament-tipped teeth; b. Transition

from filament-tipped teeth to paddle-shaped teeth.

PERT . SEHT 55 RO 21 45 BB I etk 4 14 9
WREL, HZ AT A g R (Kuramochi
et al. 1996). J&E H BRI HRR N B R0,
MG, U A XU B AT, 5 R
IR S BIRFR LS A £ R KB HRER
PG TR, TR R A B e N, AR
i FP UG A 5 AN A2 DA 23 B A 7R ) R
Vi, DRI 5 10 SR I rh S X3 — 543 Btk 5
DA SE A 20t 73 B8 14 o FRT A

LRV N B AR R Bl R T
(Woodward 1901). R4 3 RvkL F1 55% £r 47
N9, RKILLE AR e —Fh LLE4S 9 E ZE B
WEMEEY) (Arakawa et al. 1978), 7EREEIL
TR, 2R TR 22 5 2R AT A 2 i A BH
B, IR BICR UG 5 1A 2 P BE R R A 2 TR 1
JEEE, AR T AN S RIS,

SRV B E D RE, AR AN
b iz sl, WAE R R AR AR ST A 8] &
YRkl (Harasewych et al. 1993). RIR 47T
W B R B AMI, 20 T e A 1 U
WM R B A S B HR/ANAIIER, (A
e A RN A . (HEORGECFE,

ghitfaise, HEPIR B, fERIBR LRI LT
TR M fk S ARV HI Y D RE R 4, BRIERSRIR
WA BTG YRR ) DI Re G R b . AT
FREWNNIARNEER D, A RIRNE IR
MEHCA AR 10 #3K 14 (Harasewych
et al. 1993), X GANHMWELRARF. HE
AR A E R R 218 26 SRR,
XAl TR E SRR RE RO, fElE
Ferb HRECRTE, FTEE 2 RN AR EE
FC A S A1 /N U5 LA ERAIE 15 3 5 75 14 5 3 1)
153,

X 55 AR A & 2R R 4 1Y) A 44 1A
Hickman (1984b), {H/%& Hickman ¥ K 2 F45
WCA T CAMIL) A1 01 CAMIEE ) IR EE4
AN PMGIERE; Hhrich S BRIk 1
oy (AL S1. S2) R4 AAMM UG AR U5 P
ANERSY o SR, ABFFMEEE 11 (MY A
Ol CAMIMA) XPIANER 73 Z A AE B I TE A
X, Ol COMUYG) #5r BA bk 2Kt P
FRAE, T 11 CAMIY &8 CRMD S
JUTI 2 883 BN, 5 Ol (AMU ) #4504
OS5 K. HS2 T CRAIEE) AT O CHMI i)
oy SAMU A AR LK R A, ViR, 7R
Thiie b rT g B A AUkt —— Rk B 438 v 5 R
MR, BRIk FE e D A R0 A M ik B
BEE.

32 HRBHERSEFRERN

WEESLHARMEKRZE 5 E R
[F 3% (Houbrick 1975). SFH] &R IER B
Bayerotrochus J&, AN[E T AN 5T 534k 3
ANMFh, B2 NG RER Y, B8RRI
Y RBL. IR LEHRFAE 5 I [F] & oK T 55 %
12 (Fretter 1966). ZREIEI AR (B. diluculum)

(Anseeuw et al. 1996) FIAEEEIXIE (Zhang
etal. 2016 H1LL, T 5 HAt 3 4™ (Entennotrochus.
Mikadotrochus. Perotrochus) 8K 6 45 58
4R[A . K, SRR %% Bayerotrochus J& 55 7
BRI KA = X

v 58 )8 T Entemnotrochus J&,
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HHUE T Z I ROIR G A K R e, It
A e B SRR e S S T A AR, FEL
I T — M PG s T AT 2 8% 55 P (AT
Fit R T H ARG S5 AR A S (Anseeuw
et al. 1996), ML H JEUFn AN 4 32547 X 4 1)
R Rle PRI ml AR 55 AR B A v e i 5
WA A X — JE S HFAEXT Entemnotrochus J&
AT

AUH R RN S R IER A E T
Mikadotrochus J& , ik A7 £ /INAT IR 3 22
Fo mESRIRRAHEEZ2RE, JFE
HAOR A AL, i 1R/, REES
FHACL, EEAHDH: B 2 THRA B b AeRH: H
RN, BE 5 Bayerotrochus J& £l
Entemnotrochus J& 55 B8 A 24X 55 [FlJ&@ 1) )L
FIEFAZ (M. beyrichii) thid B A USAE
(Kuramochi et al. 1996) .

Perotrochus J& £ AR 7E 3% B R il A 7
fi. Hihd ) JEA 5 Mikadotrochus J&
Eb B 8L (Fretter 1966, Hickman 1984b,
Harasewych et al. 1993), {HH PG LR,
WA OB A, TR i S A AN S
WA IS, SRR AR Hae®i. Horbr, HgH
Eppad: YIRS npaq. iy U (VYE- X =T '@ 2
TEA AU UG R A AR AR A 1 7 R 22
S, MEUE TARTBR S PR AN T 5 5 PR B R — A
A e A 20 1b BE RS B8 40T oK (Harasewych
etal. 1993).
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