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Radula Tooth Structure of Eight Bithyniid
Snails Observed by Scanning Electron
Microscopy
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ABSTRACT

Eight species of the family Bithyniidae, Bithynia striatula, B. tentaculata, B. siamensis, B. leachi, B. kiusiuensis, B.
misella, Bithynia sp. from Nepal, and Gabbia australis were studied for comparison of the radula structure by
scanning electron microscope. Radular ribbons of B. siamensis and B. leachi had 60-70 rows, and the other
species had 40-50 rows. Teeth of all species studied had symmetrical structure, i.e. a total of seven teeth (one
central tooth, and one lateral and two pairs of marginal teeth on each side) in each row were observed. The basic
tooth formula of eight bithyniids was 2:1:1:1:2. Numbers and shapes of cusps were slightly differ from individuals
or species. The mesocone of the central tooth of B. striatula, B. tentaculata, B. siamensis and Bithynia sp. differed
from those of the other species observed.
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kiusiuensis, B. misella, Gabbia australis
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(Soh, 1978), L 7}sA& wiAlE 4= it} (Pace, 1973).
2]9-#o]7} (Bithyniidae) 5+ AATET 557 AA o2&t Bithyniidae # |52 FFR7EA o wfEe]
o} (Prosobranchia) 535 (Mesogatropoda) °l| &3l Syl M 22 g A3t d7e W Hoxut
g AFEA, olF A JAE R FE VA A5 A ey E5el B3 A= =F #Holo} (Kim,

F%5 (Trematoda) ©] T2 TR AdA oz F23t 1989, 2005; Kim and Kim, 1990). 5%F 242 e
©)9]Z zku 9t} (Abbott, 1948). & 4]-%-3o| (Bithynia Aol g disiAe w2 A7t olFoiA gey BekEn
striatula, Parafossarulus manchouricus) + 755 73 23t djgkzlel #3 B uuto] ZA g}y (Sugihara
(Clonorchis sinensis) 2| A 1 $7%550]¥ (Muto, 1918; and Okamoto, 1973; Nagahana et al., 1973; Chun,
Higuchi, 1938), Bithynia siamensis= ®|F75% 1964), FA AR Al 23 22 Chung (1984) ©] B.

(Opisthorchis viverrini) 2|, Bithynia leachix= 1.9F0]7H striatula, B. tentaculata 3 B. misellas HACZ w]AlT
% (Opisthorchis felinieus) 2| S7t&32 4#A glon, 5 Bugk A7) QAT AL AT 5, HATA
ol9tol| = Bithynia tentaculatar= Q1A 71AF2 Fh&5F= ol #ak Ag L2 ok v)5g Aol

of ARt golfel s TR FUETE YA wjebr] & A= Bithynia 4 95 8%% oMok #4, &

o)t} (Broek and de Jong, 1979). Gabbia misellax 7+& FollA ARzl A Hejs FAAASRAE o] &3]
AT E FAE AL A Q)
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Table 1. Sampling locations of bithyniid snails

Species Locality collected Habitat
Bithynia striatula Neunggeok, Goyang-Si, Korea Fish pond
B. striatula Yangsoori, Yangpyong-gun, Korea River
B. tentaculata Warmbad, Villach, Austria Lake
B. tentaculata Skadarsko, Virpazar, Yugoslavia Lake

B. siamensis
Bithynia sp.

B. leachi

B. kiusiuensis
B. misella
Gabbia australis

Khon Kaen, Thailand
Kirthipur, Katmandu, Nepal

Saga-Ken, Japan
Haman, Korea
Walcha, Australia

Not recorded
Not recorded

Liangsee, Kiel, Germany Lake

Not recorded
Not recorded
Not recorded

33 o] dyAlEo] ofzerE AR AlAl A diFellA
A z)il_%

AH8-3199T} (Table 1).
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(S-450, Hitachi) 22 #23}ic)

28] 7 F-9H WAL Fig. 13} 7ol A3kl

2 n

B AN BT 4

208 4590 3} AT ARe A2

7 A o]F Jglem, AAdA 21112“‘4
2L 7+ A9t 17119] 4] (central tooth) <+ #-5 142
%] (lateral tooth) 2] 4|¢1x] (inner marginal tooth)

_ll)lt JlN lo

EX|
(lateral tooth)

Bl
(central tooth)

__— ~
@ﬂ /@% %,
/PN Nicusp) Y ’/\%’ s8]

=7

(mesocone
) 7IME7|

(basal denticle)

Fig. 1. Terms of radula used in present study.
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1. Bithynia striatula

T3 AT AS FAv TSEIIE ARkeE AAHd9
SR A= Fel njsl] Aolrt AF8l ot (Fig. 24), Ant
ol S5 F3h Zo)e nl7} n|steifle} (Fig. 2B). &4
FE WWEELASE O 27 Agken] SRl 37 A
A7t Foks #el 3oila Fofl ujsl Zolrt A
ot W2 23T Aolol] 22 E7]5e] EatAsH Y=
aFglo (Fig. 2C), ANHEE 25 A¥o] =Hojtch 714
E71% #F a)H0] BEon] FubRelAE I Eo] kR
Aol AE AR g3ste 3, 484 71 A5 ¥

gint wolslslel (Fig. 24).
SHE Tl vlsl 2717F 2] AFA] 2ok FYET]
£ zta glglen, #A9% 3-4709 557 B 55715 7t
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Table 2. General cusp formula for each species of eight bithyniides

. " Inner Outer
Species Central tooth Lateral tooth marginal tooth marginal tooth
Bithynia striatula M (3-4)-1-(3-4) 16-21 10-13
B. tentaculata M 4-1-4 15-17 8-11
(4)3 3(4)
B. siamensis 4517 1= é 4-1-4 14-15 9-11
Bithynia sp. g_ 1- ;L (2-4)-1-(3-5) 14-19 9-11
B. leachi (3)4—1—4() 3-1-3 15-17 9-11
(3-5) (3—5)
B. kiusiuensis (4) 3—-1-3 (4) (2-3)-1-(2-3) 13-14 8-9
(4)5 5(4)
. 4—1—4
B. misella ﬁ (3-4)-1-(4-5) 18-21 9-10
Gabbia autralis S Sl S (3-4)-1-(3-4) 18-20 9-11
)] 4] -4)-1-(3- - -
(3—-4) (3—4)

Numerator presents the number of cusp and denominator presents the number of basal denticle in the
central tooth.

YA FAE Aol FE RO R 1621708 AHFE
w9 ye] 2o wlad FHalgt (Fig
24). 1502 R 34 AL B 2 W3 ¥

Fig. 2. Scanning electron microscopic (SEM) photographs of radulae of Bithynia striatula, Neunggeok population. A: The central
tooth had a spade-shaped mesocone, and had three cusps on each side. There were four basal denticles on each side of
the central tooth, but the third and fourth denticles were usually fused. The lateral tooth had a nipple-shaped mesocone,
with three or four endocones and ectocones. The third or fourth cusp (arrow) from each side of inner marginal tooth was
broader than the other cusps in same tooth. B: Anterior part of radula. The mesocone of the central tooth was broader and
shorter than that in middle part of the radula. C: Sometimes irregular shaped multicusps could be seen.
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Fig. 3. SEM photographs of radulae of Bithynia striatula, Yangsoori population. A: Cusps of the central tooth were usually fused
into one or two in anterior part of radula. B: Number of cusps in each central tooth was varied form one to four. C: The
radula was bilaterally symmetrical, and had a lateral tooth and two marginal tooth (inner- and outer-) on each side of the
central tooth. Basal denticles were only in the central tooth. D: Only two basal denticles on each side of the central tooth
could be identified. E: The more outer cusp of the inner marginal tooth had sharp cutting end. The outer marginal tooth had

dipper shape.

2 Age] wol WA= (Fig. 3AB). W2+ #3452 24
F7b s gRtEo] wEHA A AT

3D). 7IAE7l= 5 28 skl B2 & 4 3l
(Fig. 3D).

S25 T2l vl 2717F 23 FdEr)9] Adre] 55
siglem vSE7le 2.3, 5E7]e -/l Atz
255 AT Fol BobA 58I (Fig. 8D). A=
st v FHlR 2T FUTEFF 1 20l 75
310t (Fig. 3E). 9A)E 10-14719) 245 7AW HF
o] 2717k EatAfsiglet. 29 = 42-46702 A7 7}
7 stk

e

r

2. Bithynia tentaculata

Warmbad o] 7, $29 FSE71e AmoFoln &
o] B. striatula®l v]& 5539 245+ 250 3-4
B o ZAE7 = 3] #AE I (Fig. 4A). 54
o] Fd=7I7F T2 FAdE70l vlE) ozt 2 wlssksl
om YS5E7)e 30, S5E71 47W7F it (Fig. 4A). |
QA= 1770 Hele] 2HFE 7Y 5oz tE el &
e 2ol g%k ol o a3Fet 7] =Hild
(Fig. 4B). 92 1170 WA 137 A=Ak x4 g2
519 AER FHHEe] 7-8%29] n|ghA 2ol gigleh A
o] ARl FabteA o] Fx) 9] AT 25 5ol ANt

i
-3
o v T U
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Fig. 4. SEM photographs of radulae of Bithynia tentaculata, Warmbad population. A: Mesocone of the central tooth was spade
shape. The lateral tooth had three endocones and four ectocones. B: The more median three denticles of the central tooth
were sharp. The sixth cusp of the inner marginal tooth from the outside was broader than the other cusps of the same
tooth. C: Posterior part of radula. The cusps were more sharp and curved into the mesocone.

Fig. 5. SEM photographs of radulae of Bithynia tentaculata, Skardarsko population. A: The tooth had no cusp and only basal
denticles were identified in the anterior part of radula. B: The cusps had well rounded cutting ends in the anterior part of
radula. C: Mesocone of the central tooth was broader than that of the lateral tooth.

¥ 245 AR G 488 0|51 3T (Fig 44,

1k 7tz A7t e
S AN E s 23T Zo] YolAn AR g8
Aok (Fig. 4A,0). T2 F29] U&7+ A8AFEH 2
12 a2e] ol s
Roe e o wolel 4 AxE
Skardarsko o] 79 &gk 19 7NA| ] 2] ZHnHE
e 24T 93] Bobd 2 2zhilo] WjTebAYG m
Warmbad A tho|u} elo) nla] 2457} 81435 rolAg)
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ek (Fig. 5A,B). 529 A5+ 444 25 3% o=
Ao A x 22 Ql o] & Holx| skel. 7|AE7]E 3-4
wolm Fx9] FFE = FAO FIE w3 Fo] F
o} Warmbad A= zpo]& 29} (Fig. 5C). HESE7]
o} )&5E7]= 27 3704 ol

Wz o] HF 1= 15-1670 Axo]% Warmbad Fehel| A
oF 22 o]g o] AHFE WEEA At JAA= 8 M A

=9 2458 /AT 99tk
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Fig. 6. SEM photographs of radulae of Bithynia siamensis. A: The central tooth had a arrow-headed mesocone and had five
basal denticles on each side. B: All cusps were sharp in the middle part of radula rows. The first median cusp of the central
tooth was relatively similar to mesocone in size compared with B. tentaculata. C: There were five well distinguished basal
denticles. D: Cutting ends of teeth were more blunt and irregular in the anterior part.

3. Bithynia siamensis

242 659 ooz Fol glo] A BE F
3wt AAHLE 14-209F B. leachi tH2.2
th T2 FEEIIE ARkl 23T 2 7 4%
(Fig. 6A), W2 §3sle] 2-3%0 2 &= A$x d2Eg)
FHEZI 5 AHA 2T 2719 Aol B
striatula, B. tentaculatad X ¢} Zxo] HA51x] it} (Fig.
6B). 7|AE7]= 5708y (Fig. 6C), 4-5WA1= 3o

e A5 ke

-

2
O N Ny
T 32 3o

EU

Fo2 o] 2= A% 3lt} (Fig. 6D).

4. Bithynia sp.

TAE) FHEIIe ARG Hre 5 a8 AR
T3t 2-342e7 == A5= itk (Fig. 7TAB). 714E
71 5%olw 3-5HAE MR g3l ot (Fig. 70). =
29 FekEzle F2le 2zl vl 2 2717} 2 a2

SE7)E 2-00, A5E7]+= 35700k A AF =
14-1970% 0w 25024 3 e 44 2HFE ©E &
Aol vl 2 277} 2v) AER Zle} (Fig. 7A). 2l9dx)=

0117 Axe) A¥E 2w 9tk

5. Bithynia leachi
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Fig. 7. SEM photographs of radulae of Bithynia sp. from Nepal. A: The third cusp of the inner marginal tooth from the outside
was broader than the other cusps. B: The central tooth had two or three cusps and the cusps were relatively smaller than
the mesocone. C: Mesocone of the central tooth had sharp cutting end. There were five denticles in the central tooth, but
the third to fifth most distal basal denticles were more often or usually fused.

Fig. 8. SEM photographs of radulae of Bithynia leachi. A: Mesocone of the central tooth and the lateral tooth were narrower
than Bithynia sp. B: The basal denticles were not different in size relatively, between median and distal denticles.

FA Y FEr)e IR FO R I o] WESIT 7ol B,
kiusiuensis, B. misella 2 G. australis®} v]53t5 o, =
T2 4% AT (W2E 3%) & 7L 3%l (Fig. 8A, B).
NAE7E 25 oz 2 e o] gl9lom (Fig. 8B), A
HHRel A= 4, 5H1A 717§ =] 3-470] ZAE7L B
2E ok S2)9 U5E7] 2 5571 44 3viEelsin
(Fig. 8A). WAzl 1671 W9 £3FF 28 glglow, ¢
So2H 4R AATE o 235 v
A& 9-11709 2AFE 23 3leh (Fig. 8A).

#|/do] 60-7071¢] A& o]Fo A $Ia 23-28WA Lo

o|zef Mol T o] A7t 47N, 71AE719] 7 5l A E

e

6. Bithynia kiusiuensis

F3)9] FAEI} e AAY wPE o]RT Yt
a)s] Z219] FE] Y] AHe FEHAT (Fig. 94). 54
o A% S A9 olglon] 1 s} e Fol wel T
Pl Ao}, St g ToAe) npa A 2 FAne) 2
H USE7] | 571 47 2704l AhAst (Fig. 9B) 3
ML A (Fig. 94) Sol W= glet
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Fig. 9. SEM photographs of radulae of Bithynia kiusiuensis. A: The lateral tooth has a more blunt cutting ended mesocone, with
three endocones and three ectocones. B: The lateral tooth had two endocones and two ectocones. C: The basal denticles
were divided into two or three in the second row of radula from the posterior end.

Fig. 10. SEM photographs of radulae of Bithynia misella. A: There were three endocones and four ectocones in the lateral
tooth. B: The lateral tooth had three endocones and five ectocones. No broader shaped cusp was observed in the inner
marginal tooth. C: The central tooth had four cusps in each side and three denticles were observed.

7IAE7 = AT 3%elien (Fig. 90), 7Ha= 4%
A5 WA O 277} g FelAge 22 419
ek vlssER e, Eo] YrtR Sl (Fig. 9A). Wi
147) Az AFE 2 glglen 4 A5+ o A
ol wlell Zich (Fig. 9B). #jdx= 8-9712]

o

‘T_ZE
2HFE ZH

30, -m e oy 2
Kl

50 2
=

Ade) kel YRGS B v} 239 ko] 53
25 w2 n $ale) 2R B} B Tl 9 5l

e W) olFolAm ggiedl 20
AR 2309 —Erxm Jehlr] AAstel (Fig. 90)

9-100A ALl oj=28 ARE o] F3ie

7. Bithynia misella

FAY FEVIE Adde] WlEE AEoFeF
kiusiuensis®t T FE|E o]21 glglon] 49 43
7M1 Qglel (Fig. 10A). 7|AE7]E 2% 37040 47
A= R, JlHERE WA 2FE T4
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Fig. 11. SEM photographs of radulae of Gabbia australis. A: Cusps of the central tooth were relatively similar to mesocone in
size. B: The first median basal denticle was bigger than the other denticles. C: Cusps of the inner marginal tooth were

evenly distributed.

AAE it 28y 55719 4= WSSl vl 27
Y 1707} wskek (Fig. 10B,C). x| 9] 23F & 2171=
e T 2 oo &AL wEEA gk (Fig.
10B). S]dA& 9-10708] 2375 23 3ich. A4 5070
Az o] Az o|Fojzlon 7.9HA A HLFE] HHS o]F
ot 28y 7|AE71E B. kiusiuensis®t v]2E W] L £4]
7} el w3 =gl

8. Gabbia australis

T2 FEE7IE AAE B 3P Boks o]FH FHY
227 2719 Aol7} AlskA] ¢ho} thg Fa Al ol
9t} (Fig. 11A,B). 28T 1= 59 g)"oe] BEo
#5 2457} 570 AR R (Fig. 114). 71AE
71 wdelslon 2.3l Ax gl Tkl Fe) A
7= o2 &719l vl A Zldk (Fig. 11B). 53]
FAE7E 23Tl vlE 1 2719 Ate|7} AlskA] kgkor
AdHo] F53klth WEE7] 9 A5E7= 47 3-4714 ]
ek (Fig. 11C). Y= 182079 42452 21 glgle
B eexE 9-11719 2AFE 2hy 9lgieh WA= B
misella$= ©}2A] o8] AHF7} A= A] st} (Fig.
11C).

=

K

seldetoldl HERe F045F R s 9ol
Holglrx 3l L2 Parafossarulus manchouricus
7} F2 o]4F 1 glovt £ =FeA= Kim (2005) ©f weh

Bithynia striatulas 3193, Gabbia misellax
Bithynia  misella® 3713tk 2ol AA=
Bithyniidae 7 s} 152 & Ao o]Fx|A o}
Bithynia sp.2 %7]3}3t}

24 ol {5 AlLE RE AATEl A5 g4
717-¢]t} (Purchon and Kurkut, 1977). 2181} Zeoll= &
A B-E7-0] od&9] Careoradula perelegans (Gerlach and
van Bruggen, 1998) ¢} 9% sfjAt 5=5F-2] 7% (Oliverio,
1995; Valdés, 2003) x]Ae] ¢l 7oz ®yH n} gl

28] AE-E 7", WA = Aoy At 22 HE
A3 Agt=le] 9l°ow (Runham and Thornton, 1967), 2]
= FHE 2l #o] el sAsk, A Be 54

.
l

BER0) A9 wol2 Zo Zeho] Az Rojt %
& g,

A Aol Ag olFwA MR st A% v
& o] gled), 7 ol 178 o, 1711& 2 o)y

o]

o 23, 1 9120 17] E= 1 09| S|AAS Ak A
o= J|EAHo g AASY RELHEE
zpel7F el F ”E°ﬂ de] o]&==d (Padilla, 1998;
Reid and and Mak, 1999), 5%52 7% stereoglossan

(docoglossan), rhipidoglossan,  hystrichoglossan,
taenioglossan, ptenoglossan, stenoglossan i
toxoglossan & 77}A] 7]&8 o7 FR3|=d a]-¢-FHo|z} I

F+= ptenoglossand ol 43t}
olF A Heol| we} F=7} 22 stereoglossand =
Zre AL dedglk v|Ae| Zdso] #AFE 4 9l w3

taenioglossan® 9] x| o3t 7|Auks #ES = glon,
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rhipidoglossan® |Ad& 7|E&oz 7|4 xS £43
Axe] 7% g 7z} (Hawkins et al., 1989).

E Aol R 2 ARAY Foll whe} mAgk
zpol= lolon), 7+ o wel Avst AolE £ 4 fdich
ot sfjke] =77 AdFHez F2 B, leachi, B.
kiusiuensis, B. misella % G. australiso| A+ o2 o)A
o= 2 T2 FSEI17 Y 23T vlE) HE 24
&gkt

=l 3o AL HolA Wil HEoA A]&A
0% NEL Ado] A= ANtH ez FH9] F¥HE oF
+4] (Runham, 1963), Lucuna vinctad 7% 3ol 2.94
A gAEthE 2% 9t} (Padilla et al., 1996). ¥ A3
oA BA= 2 ALDL B. leachi®t B. siamensisol| A+ 607
o], UMl 65 40-5071 A= gl=v B. leachiolAE <
AR sfize] 27)el wjaf A 71 AAEE TR e
o] Eolalgitt. AL = AL 7)ol vlggts X
% 9oy (Bertsch, 1976), & dtollA = sfFe] A
2] = FL F HellA A wE Aolr} =4 skl

2HF] 5 g A oAz AR Y b o]
MZ g3l 1 #7F AA Yehdes Aoz A7) o9}
= T 71AEZIA A Fol & 4 9lgled viEE L

ﬂ?

y L

FolAlsh e AR ol F/hAe) vy AADe) 57} )
A wE Aol} AskA] hm Feie SR Aot 98-S

o) e PAFeEA & 5 e, A
o 3]

2 o

FEuelE wlEE opo}, ¥, &7 SellA AR 25
Fo) 3} 3|F 8% (Bithynia striatula, B. tentaculata, B.
siamensis, B. leachi, B. Fkiusiuensis, B. misella,
Bithynia sp., Gabbia australis) & HAF2E FAA ALY
73 (SEM) & o]&3le] x|dS wst vl o33 22 29E
2

x4 9De] = B. siamensis} B. leachi®] 7% 60-7071%
o2 FE9 (A9 4 40-507080) Wkl WA 859
5o A Fre AFuAeE & 2L 0] Aot
Wtk & Vo] TAE FALE 2ol 47} 17]9] 53] 2
el fAxzt FxepGiet webs 7] 2R 2:1:1:12%
A g gtk 2370 oh 22 AN, FHEE Ao
7b glslem Fjout ZIAE717F £R8IiTE T2 FUE
719l F-x+= B. striatula, B. tentaculata, B. siamensis 2
Bithynia sp.®] %7} v+ FE7 A7} 9l
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