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Morphological Observations on Shells and Operculums of Eight Bithyniids

Jae-Jin Kim

Dept. of Biology, Yonsei Univ., Seoul, 120-749 Korea

Shells and operculums of eight species of Bithyniidae, Bithynia leachi, B. tentaculata, B. siamensts,
B. misella, B. kiusiuensis, Gabbia australis, B. manchourica and a Bithynia sp. collected from Nepal,
were observed.

There is no morphological difference between Korean populations of B. misella and a Japanese
population of B. kiusiuensis. And the shells of these species were similar to the other Bithynia species
rather than Australian Gabbia.

The co-ordinate of the starting point of nuclear spire of operculum (SPN) was species specific and
this value had very limited range within a species.

The results suggested that Korean and Japanese populations of B. misella and B. kiusiuensis are
synonym and the co-ordinate of SPN will be a useful character in systematics of operculated snails.
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Chung (1984)2 Bithynia < B.th+= Parafossarulus 2|
0}-‘— wE Gaebbia%o| €7l HalM& 3574 Gabbias}

|52 A E 5ojok & el dhodvh, =& Kim (1976) &
2 alJels B, kiusivensis$t B. misellas Zo| 317 %
Zgokxn shelen], Habe(1973)+ d#AkQl B. kin-
siuensis9t F242l B. misellac] Fe|EtH zfolE <
Falgiont, AR Bx e B kiustuensis7t <ol
B g3l B wmisellast 59 ZElAlo i3l vla A=
obz] okziAl wf glck,

utet4] B AP §F 4 B manchourica®t B.
misella®) B384 Y& NAEY 53 2 2 Bithynia
%3} Gabbias2 BA%EE vl%3 8 49| Bithyniidae
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1. s Fe| =3

2 Ao A-43% Bithyniidae?t sF+= Bithynia
leachi Sheppard, 1823, Bithynia tentaculata Lin-
naeous, 1753, B. stamensis Lea, 1856, B. misella
Gredler, 1884, B. kiusiuensis Hirase, 1927, Gabbia
australis Tryon, 1865, B. manchourica Bourguignat,
1860 = W] Toll A = A& 1Z2] Bithynia sp. 5 8F2
24 19573 %8 198837k Ax}E vl Rak ofef AT
o] o}z ) 7HE A9 E AlA A Eo A A sksl
(Table 1),

2. miZte] o

1) 27|19 A& H7te] 27]E drawing tubert ¥
25 8] ¥ v| 7 (M7, WildAk Al 3kl 2] s 7he) 27
(72 . L: length of shell), w74 (Zt7 © W, width of
shell), 7z+7-2] =74 (LAP; length of aperture) % 7+

F-¢] ©173 (WAP; width of aperture) S 2% 319 ch,
wgl Rl we} Vo] Frlske AxE drawing
tubed ol-&ste] Az 2 27§ Zei4 ézéﬂ‘}iﬁlr.

2) mj2te| HeEf RE w7l e WAL H sk
Malek (1962) ol ube} sf7t o Fof £-2 AHE4-E A A
stk & 5% sodium hydroxide &°lol 3} 7§
Zelo g 20~30%7 BodM AEALE AAsIch o
2 o4 5% sodium hydroxide £o8o o] ultra-

)

sonic cleaner (Bransonic 52) £-

H xL'—" zlo] —‘;’—OIX] o_L_O_

o]-&sto] Hr| 74 5lo]
742 sonication 3 ¥ E57
42 3w A ste] Az daksigoh H7hel e
= eff v 7 10~200-F3 Aol v 5 S
(penultimate whorl) ol 41| v}A19] =& Az, 7+
o] v &A%, #llF(umbilicus) o] s i, shzte] H
A A & (whorl) ol & 5§ WAk

3) S22 nE:
H2]3}ed utrasonic cleaner® 4| & dlod  indofl F2
o] %22 2 Ad % drawing tuber} Habyl s F-3u)
7 (Wild M3) & o} &3te] o] dejo} gal slo] w4l
o] | = 5|

T

74 (operculum) & 5.0 2 Y€

= A (SPN: starting point of nuclear
spire) o] 91x& A&} vk Holo| wh3t v]E Wit
#2 vepd 2k (Fig. 1),

4 # 2 =
1. si2te] #el 9 27|

£ Ao 4 2244l Bithyniidaes}t s F-2] a7z 4]
Auvtako 2 e olF3 9ol evi(dextral) A&
15 mmelabsivt, @ zhe] 2% = subovateol 4 globuse
3 Fel s olFa ddm, Ztelw FEE 23 A
c},

zh Zof g sl 7te] elehH E7-2 Table 20 £.of
3kad

1) Bithynia manchourica . 37+9] 7zt w7} 51~64

% (M3 58% ; n=47) %, subovatedl FuE olF1
olori z7)E Ztale] H 9.4mmi6.0~11.8 mm),
71‘75% Hat 6.2(4.2~8.0mm) i cH(Table 3), 7173

ol A& A aHY)e 1 A AY AL Y=-
0.127+1.635X(r:0.85)i frol g ko] 2lalct(Fig.
2), 7k 35004 5.25709] vhale g offolx glel
ouo] ¥E 4 5708 vpAde 25l Al 7b gk

shzte) Fede T v
(spiral ridges or keels) & 713 NA = 9l 2} (Fig.
4A), tjrEe slurlet »}U“(xﬂ”“ . spiral lines) &
Zkal 1A oH(Fig. 4B), ey} ekaefabel 49 JAakgl
99704 F 5AAAel st s EHm] 7 106 sloll M AlH-G
e 4 qlola v AlAEL wiEEEld o Fig.
C), 2ahabe] 739, AR 7ol Fa Felg ol
Fars)el o} nu-rT£ AE 74z e gledet, 24l

HUg o) %3 glglov,
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Table 1. Populations of bithyniid snails for morphological study

Species Population Locality collected™ Date of collection Collector Habitat
Bithynia manchourica
1} Nung—gok Koyangni, Korea June 7,70 Kim, C.H. fish
(&%) pond
2} Yoosong Taejon, Korea Oct. 3,84 Kim, C.H. N.R.
{(fr4d) Dec. 6, '84
3) Kimhae Kimhae, Korea Sep. 23, '86 Kim, J.J. 1.C.
(sl
4} Ok—goo Imp‘a, Korea Aug. 11,70 Meier—Brook, C. pond
(%)
b} Chongp‘yong Chongp ‘vong, Korea July 5, 70 Meier—Brook, C. fish
() Oct. 5,70 pond
6) Haman Haman, Korea Nov. 3,73 Kim, C.H, 1.C.
(3kah) Nov. ‘75
7} Yangsoori Yangp'yong, Korea Sep. 27,87 Kim, J.J. pond
(k2]
8} Fukuoka Mizumaki, Japan '76 Terasaki, K. N.R.
B. tentaculata
9) Chiemsee Ubersee, Germany May 31,'85 Meier —Brook, C, lake
10} Doberdorfersee Kiel, Germany May 31, 'G9 Meier —Brook, C. lake
11} Lingsee Bleiburg, Austria May 30, ‘85 Meier—Brook, C. lake
12) St. Clair New Baltimore, U.S.A. ‘60 Neid lake
B. siamensis
13} Khon Kaen Khon Kaen, Thailand Sep. 7,'86 Haas N.R.
Bithynia sp.
14) Kirthipur Katmandu, Nepal Apr. 22,'81 Fritsch N.R.
B. leachi
15) Kellersee Malente, Germany Mar. 5, '69 Meier—Brook, C. lake
16} Grogerpltinersee Pl&n, Germany Aug. ‘58 Meier—Brook, C. lake
17) Drlsensee Molin, Germany Jul, 12, '57 Meier—Brook, C. lake
18) Westensee Kiel, Germany May ‘61 Rentner lake
19} Langsee ” May 30, '85 Meier—Brook, C, lake
B. kiusiuensis
20) Saga Saga—Ken, Japan May 27,'87 Terasaki, K. N.R.
B. misella
21) Haman Harman, Korea Nov, 3,73 Kim, C.H, N.R.
(3keh)
22) Kaejong Kunsan, Korea Sep. 9,70 Nieier—Brook, C. 1.C.
()
23) Namil Konju, Korea Oct. 3, '84 Kim, C.H. 1.C.
(gdd)
Gaobia australis
24) Walcha Walcha, Australia Feb, 4,72 Witten N.R.
Remarks ;

* ; The nearest city of Britannic Atlas from the collection site,

N.R. ; not recordea

1.C. ; irrigation canal
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Fig. 1. Terminology of operculum for measurements of
length, width and the co-ordinate of starting po-
int of nuclear spire (SPN). The co-ordinate of
SFN, 0 (x, y), was calculated as x=w/W and y=1/
L respectively .

A = 4~ 1402 F43k(median) & 7 &4k 6
An=61), L 670(n=23), Y2 8/l (n=
30) et

7] A RE A thR-Fo] vhrsoy gl ey 2}
¥ ol9e EE mpud A Eo] ggked 2 Ws
E AAA A et Fgich, & AR o)e)9) o] uf
28 A vge A, TF W AHAL 30~50%
Az 9iov} Fukuoka % dhebalke Ztz)k 20% =]uko]gd
I, Fgelab2 80% ol 4o ® ulng) At A4 4lst
S} (Fig. 4D),

zZ7el Helee AR = FEo] gla g B o
£ 723 Y Af7t diRtolaleond 7~89 Foll A
A4 A Follw 2o 8|55 B 4 gle Ao W
o, 23 wH ol basal lipe) it Zo} oft w&
T FE o] 52 AUdch 2ol A2 3F 4. 7mm
(3.2~5.6mm), 742 3.8mm(2.4~4.7mm) % 2~
DA (X)ol e A4 (V)9 SAYRAL Y=1.621+

0.829X(r=0.75) 2 +2}8 4o} UAcH(Fig. 3). A
Fol %l AAlw BakE A dskel

2) Bithynia tentaculata . 3}7}2] 72}5 ¥ 51~64
Z(HT 57% . n=21)E ovatedl F|Z o] F
o sjzhel AAe g A wi BAg olFn
of, Hzhel a2 e n AR Rl Y& 2

A 5e] glglert 7y olslo) e i

1.016X (r=0.82) %=t

3) Bithynia siamensis . 5| 7t9] 7%= 50~63%
(H 3 56% . n=20) % subovatedt Fe}-E o} F 3 ¢
ow vFe] 45 5.5~60 (23 6.57) ¢} A} bR
wach AN wheE AAE BT L (n=68) F
57%) =slgdow vlxe] A= B manchouricadl
vla) AlshAl = oksket, 7ol B9i vl wjuzdgin
AAA el FAAE ol ' o] £l 27
AL qkow w7te] KAl B manchouricacl ¥4
€ o ok Foll vsi = 5FAE "ol Zy
¥ [ et AL = glort coumel-
lar lipZ-9] #|Zo] CAEP o2 &F Foi7t e Ho] o}
£ Fol H{et A Aboldt #ite] EAeolslch(Fig.
4F),

W7o 27w FAH 8F F oM A e
10.0mm, 273 B 6.3mmeArt, 272 272w
7o {47 4.9mm, 3.8mm3itH Table 3), =2
2{vh Zhadkel] o gk 2ol vl 0.64, Zhgol] oi’ ZHp
o) A7 e v & 0.492 4 B. manchourica, B.
tentaculata®} v) 5313 o} (Table 4),

7ol (X) hg ZHY) o] 14 sl gL Y=~
0.339+1.626X (r=0.88), 779 w7 (X)ol iy #
(Y9 3 4442 Y=0.834+1.060X(r=0.80)
A=t

4)Bithynia sp, - A 2 9] 25+ JF 65 =
ovately conicg el £ ol-F3 giglowm, #7te]| FA



A

pale.oyiad pajeioysad pajedoysad palewts pue
ualjo LERTHET S3WI18UWOS paiesoyiadwi paiesopsaduwil palesopadwt pajeJoysadwl parelopiadusl SNo! Jfquin
palsim1 diy
Jejjawnjoo pue
pauaxaiyy jlem |esatled
pauayalyy 10U pauax Iy pauay oIyl 1o0u 0} payoene pauajaiyy puayoIy}) 10U pauay oIyl dij ssmpiady
(*xew) poym
(0'G) GZ'v (¢°5) SL'Y (0'g) sz'v (§v) OV (sZ'8) SL'v (5'9) §'S (5'G) 0°'S (S¢8) &Y 40 "ou jo apoyy
papoJa papoia papoJa papoJa papoJa papoJa papoJs papoJa xade
uarjo -Aljensn Ajesnsn sawiawos ualjo ualjo SauuIawWos Allensn J0 Buluspoug
sjetapow ajesapows sjesapow aleJapow uyl PRI ajeJapow }o1Y1 SSaUOIYL {19YS
paiuaput pajuapul parusput paluaput paruaput paluapul paiusput paluapul
Ajdaap 10u Ajdaap 10u Aldaap jou Ajdaap Aldaap 10u Ajdasp 10u Ajdaap 10U Aldasp 10u aimng
saul| yimouab saul} ymoub
pajublens palybieals Saul| yIMmoub
saui| yymoub yiim saul) yitm saut| soul| ymoub saul| yimolb Saul| yimoub saut| yimoub palybiess
palybieas |edids auly |leaids auiy parybiens parybiens paiejnpun polyblens Uylim saulf Jo
YHM yrooLus LETTHETITT Sawuawos Y1IMm yloouwss yiim yyoows yUm yroows yitm yloows sabpla (eatds ainmdinog
2AU0d o1uod 2tuod oluod 21uod 2iuoo 2iU0d o[uo2
Alasriqo|§ Ajaleao Ajarenao Ajo1eAo Ajareno Ajareaogns Ajaieaoqns Ajoreaoqns adeyg
sljensne "5 ejjesiu “g sisuanisniy "gq 1yoes] g ‘ds eludyyg Sisuswess °g  gyenoequal °g earinoysuew g Ja108iRU]

spliuAynq 4o s|jays ayd Jo sonstialoeleyd [esibojoydioy “Z ejgel

46—



Bithyniidae=} 2 & ¢]

EEES

Ao g 2

rJ

Table 3. Snell dimensions {mm) of eight species of bithyniids

h,
Species No. exam. Shell Aperture
Length Width Length Width
B. manchourica 394 9.41+1.15 6.2+ 0.63 4.7 £ 046 3.8+ 0.42
(6.0 —11.8) (4.2 -8.0) (3.2 -5.8) (2.4 -4.7}
B. tentaculata 150 9.0+ 0.94 5.8t 0.51 4.3+040 3.6 +0.32
(7.2—12.8) (4.9 —7.4) (3.6 - 5.9} (3.1 -4.7)
B. siamensis 185 10.0+x 1.11 6.3 + 0.60 49+ 047 3.8+0.35
(5.7 —13.0) (3.8-8.2) (3.0 -6.2) (2.4—-49)
Bithynia sp. 54 6.9 + 0.85 5.1 10,58 3.9+ 0.40 3.4 £0.32
(5.0 -9.0) {3.9—-6.3) (3.0 —4.6) (2.7 —-4.0)
B. Jeachi 51 4.6 + 0.96 3.3t 0.62 2.1 £0.38 20032
(3.1 =7.5) (24 —-4.9) (1.6 —-3.0) (1.4 -2.8)
B. kiusiuensis 31 5.4 +0.44 3.7 £ 0.26 26 +0.17 21 +£0.13
4.6 -6.1) (3.3—-4.2) (2.4 —2.9) (1.8—2.3)
B. misella 92 5.2 + 0,69 34034 2.4 +0.21 2.1+0.22
(3.7 -7.1) (2.8 —-4.5) (2.0 -3.1) (1.4-27)
G. australis 22 6.0+1.13 46+ 0.68 3.2+ 041 26+0.37
(4.8 —-9.3) (3.8 —6.4) (2.6 —-4.3) (2.2 —-3.7)
Ranges are in parentheses.
£ Ageld AHY 8% F 21 ke ds E o ol ek WA ghond Brle wiuga shech
o= W3t mofe] vldlgt TFEo| AbAE glglew, gl A aato] A Aoz 28kl eH(Fig. 4H).
PR A ok 4PAe Adolglod Wz ¢ A@e AT 4.6mm(3.1~7.5mm), AFAL 3.3
7% mokd o]&7x ddch(Fig. 4G). &2 4+ mm(2.4~4.9mm), 27 #7422 1mm(1.5~3.0
425700 4 502 4.75709) 749-7F 7hak ek sy mm) 7ZF7¢ g7 2.0mm(l.4~2.8mm)E A
ol W& columellar lipel] 2o 2+ %71 mgkel (Table 3), zZt72] 27 off o] vlg) i)z} Al3}x]|
A o] A5 Al HHEA] % 9tk (Table 4),
sizhe] AF AEL 6.9mmi5.0~9.0mm) HAE  AAX)el HR (e 5 e Y=—
HF 5.1mm(3.9~6.3mm) G em, Ze] AL H 0.255+1.486X(r=0.96), 779 1 (X)o A A

T 3.9m(3.0~4.6mm), 2+ vAE Hd 3.4mm
2.7~4.0mm) o]tk (Table 3), ZA7 (X)ol w3 =
ZA(Y) el A4S Y=0.154+1.321X (r=0.90), 77
o) 5173 (X)oll Hdt A7 (Y)e] #AAL Y=0.224+
1.083X(r==0.86) & 77] ®oiq 43l oH(P<
0.0,

5) Bithynia leachi :

o) o]
AR AR

et

9} 2% 7} 52~T705 (3
645 ; n=20)2, ovated}t Feljo]n] }Z2] 4= 3.25
oA 4,570 BE 470l AL gokeh B3] ZA
Sol7} glaw] ol wgre] A& dolH e BE
7b ghokoh, e o2 ofE F3ke oE HuE

o}

AY)9 8# A AL Y=—0.136+1.140X(r=

0.97 4t
6) Bithynia kiusiuensis . #|7t2] 7=+

2

T 60

£ (53~72% ; n=18) & ovatedt Fel-& o] F AU
w), 1h&o] £k 3 5~5F ¥E 4 2573 sHaAle] =7t
A% prokeh, BWALE ok7h Aot B. leachiol W84
L okolch s zhe gkon] Fwudol vlAlgl vplFol &)
B8 o) 7 sol 4 ks ol o (Fig. 4D,

AR5 6] FE Eo] vha Agoh el o A
Fo| MFH e 2070H F 8o Alel  HAE
{(Table 2), #79| 7}a=tejel= AMe] WE FF3
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Fig. 2. Plottings of shell length against shell width of 8. manchourica.

A=,

74Abe HF 5.3mm(4.3~6.2 mm), 7—}73—% Bt
3.7mm(3.2~4.2mm), zZ+79o AAHL 2.6mm(2.2
~2.9mm) %74 & 2.1mm(1.8~2. 4mm) o} ol o uj
(Table 3}, 27 (X)ol & ZA4(Y)e 3442
Y=-~0.651+1.616X(r=0.87), zZ-7¢] =73 (X)ol o
& A3 (Y)e 3HA4-L Y=0.640+0.959X(r=0.77)
Ak

7) Bithynia misella : 3 7t2] 7=+ 51~78% %
7 60%(n=29) 2| ovated efo|}(Fig. 4)), 4 A
Z3 3 (Fig. 4K) = A =gich, dzbe] Fxelle 7he
= 223 ,q]uu_‘:_o] e o o] £ 4.25~5 25708
BE 4.75709 A7 AR gkoked, AR vheE A
S-7bgiokont mpm ol HE = AlekA skeh 347Hx41 5
1070 el A AT A Fo] Py 2 bt
Fzlo} gllom pakaleled A “1 723 s

},
Z}#e 5. 1mm(3.7~7.1mm),
7+e] AAL 2 4mm(2.0~3.1mm),
e 2 1mm(l.4~2.7mm)g }(Table 3). 77
(X)ell g A3(Y) 9 AAL ¥=0.027+1.483X
(r=0.85), Z2H7 =4 (X)ol g A7 (V)2 3AAL
Y=0.857+0.744X(r=0.75 &t}

8) Gabbia australis . 3)7}t2] ZtE & 61~745 %
HAF 695 (n=27) o ovatedt FelE o]Fx AN
o}, 244 B leachiivhs o\t B. misella® oh+
4 7& goloich(Fig. 4L), &9 -+ 3.75~57
2 2% 4.25709) ANA7E goren] Wz ghovt wlH
A} Bithynia sp.2ch= FESich sizbe] 492 242
datol] B3 glgleor olazz]$vt 26704 F 47 # A
Al Are] wldlgk §717) BakEl et A5} epes
A WL 50%HEAT AT #FE WA

7}7e 3.4mm(2.8
~4.5mm),
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Fig. 3. Plottings of aperture length against aperture width of 8. manchourica.

% % F23 ek A
F2 26703 3 1374 Aol A Ao QlolE)

ZAAe HAF 6.0mm(4.8~9.3mm), ZH-L
mm(3.8~6.4mm) 241 (Table 3) Z-4el ok
F 0.770]9)cH(Table 4), 779 =74
mm{2.5~4.3mm), 4L 2.6 mm(2.2~3.7mm)
of, 247 (0o Wig 2 (Y) e A AL Y=—
1.235+1.579X(r=0.95), Z79 @73 (X)oll & #
7(Y) 9 AL Y=0.453+1.059X (r=0.95 ich
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A B} ok A ARRY FEAE AR T
Q)= z] ekakeh, g FA 9 spAalelel e gk Thol &

I glof A 34 wheks] Baixlw L B

T4 Hele Aol Aot AF e Z Fof 3%t
Bol vl&j FAlo] Falxich it FAY Foht F, ¥
o] gl HEL TF Foirt lglonm of 7ol etAlA
o] 247} gle] concentric with spiral nucleus? =&
o] F 1 gli vk (Fig. 5A-H), 28]y} B. leachi+ -?'-3]
Felrh oh 2 F3) ohEA AR Fle Fie] glo] A
AHos Fa1.238 JYYL o] F 1 ilMﬁHFlg.
5E).

8l Zoko] ofddo] AlztEl: H9(SPN) 9 $A&
7o) ARz vl dig 32 FAEAL i (Fig.
D, ZEelth 253 9445 sRln e, AAe
A7 mE FAE o] gz ofeiAel Zhe] 7ol
A7 vkl ohgk YA x ARSI B manchour-
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Fiy. 4. Shells of bithyniids. (X 3.2)
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B. manchourica, Kimnae population, Spiral keels were observed. The lips of aperture were thickened
and apex was usually eroded.

8. manchourica, Chong’pyong population. Several spiral lines on the sculpture were observed and the
aperture lips were not thickened.

B. manchourica, Yangsoori population. No spiral line was observed.

B. manchourica, Yangsoori population. Sculpture of body whorl including apical whor! was severly er-
oded.

B. tentaculata, St. Clair population. Umbilicus was imperforated and the sculpture was smooth. The
apical whorl was rather sharp.

B. siamensis, Khon Kaen population. Umbilicus was imperforated and limated.

Bithynia species, Kirthipur population. Smooth sculpture, thin lips and imperforated umbilicus were ob-
served.

B. leachi, Drlisensee population. Deep suture and ovo-rounded aperture were observed.

B. kiusfuensis, Saga population.

B. misella, Kaejong population. Microscopic spirai lines were observed, Shell was somewhat elongated.
B. misella, Kaejong population. Shell was ovately conic and the apex was eroded.

G. australis, Walcha population. Shell was globusely conic and the sculpture was smooth.
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Table 4. Shell parameters of eight bithyniids

Mean z S.D. {range)

Species No. exam,
wW/L APL/L APW/W
B. manchourica 394 0.66 + 0.045 0.51 £ 0,044 0.61+0.044
(0.56 ~0.84) {0.38 —0.65) (0.44 —0.75)
B. tentaculata 150 0.65 + 0.031 0.48 1 0,031 0.62 + 0.031
{0.57 —0.75] (0.39-0.62) (0.56 —0.74)
B. siamensis 185 0.64 £ 0.035 0.49 £ 0,032 0.60 + 0.032
(0.55-0.77) (0.42 —0.59) (0.52 -0.70)
Bithynia sp. 54 0.74 £ 0,038 0.57 £ 0.031 0.67 £ 0.035
{0.66 — 0.89) (0.48 — 0.62) (0.60-0.73)
B. leachi 51 0.71 £ 0,042 0.46 = 0.029 061+ 0.034
(0.63 —0.81) (0.40 —0.71) (0.565-0.71)
B. kiusiuensis 29 0.70 £ 0.032 0.50 £ 0.024 C.5€ « 0.029
(0.63 —0.76) (0.45 —0.55) (0.51 —0.63)
B. misella 92 0.67 £ 0,040 0.47 £ 0.031 0.60 + 0.039
(0.56 —0.78) (0.38 —-0.57) (0.36 —0.68)
G. australis 26 0.77 £ 0.047 0.54 + 0.042 0.57 + 0.029
(0.68 —0.83) {0.46 - 0.61) (0.61 —0.63)
Abbrevations are as follows ; W : shell width L . shell length

APL : length of aperture

ica®] 7% AAAEE 2 HAE 27 6, HHA N
wE ol & & 4 glalvh mak B 17
Npa 2] gho} o] Hold W3 (A1) E

URE ol 2 AAAME 2 A F2 H 7L 2l
(Fig. 5A),

B. siamensis®] 7%, T4 27)7} b4 AN B
730} 4.24mm, %742 2.83mmglen] SPNol z2&
Foky-oll $1x 519t cHTable 5; Fig. 6). o] F-2o} %74
< EF DY 3te g o] Rolx Qg 71E 2709
o823 ¥YE -‘”4";‘_}51 Aok T BedelA vl B4
Aol vialo] 23] wlo] 9lgich(Fig. 5C),
chourica, B. tentaculata %3 V|24 Bithynia sp.o] 5
Aol 271+ HE #7dol 27t 3.83mm, 3.83mm,
3.73mm, H wh7del 2t7 2.83mm, 2.8l mm, 2.61
mmg 27)7} u]23kg o (Table 5),
nia sp.8] F74-L ohE 250l vls) gkabcd,

B. leachi, B. kiusiuensis, B. misella ¥ G. australis=
e Myt A7de] 2.95mm olFglen, HF AL
2.20mm °| 32 ¥ 3 2gkch(Table 5). B. leachi]

B. man-

|24l Bithy-

APW : width of aperture

e BE 1~-279 3ko 2 o] Foix] ol WX
o8 FAH8 74 AE o] Fv] 3ojx ulzhi)l Bithynia sp.
o} =g £ 7% w9t G australis®l 73¢= ®BE 3

<

Me| o gy Fy s abslglvy,

SPNe| $} x|+ lZAL Bithynia sp.8} 7% 717
1%l 21215} ovd, B. manchourica®

= 7h ofef Zofl S ATl =& B. leachi®) 7

A 2.2&of] SPNo| 9 x4t o} (Fig. 6).

r &

¥ QFE e Yo 422 @4 Bithy-
niidaest 5-2) £55 AW Asle] A2k} e
2R w7k 37] 5 Fel ek Alue BRE 4
s,

e] 2715 4Gl o] Bhed] Ate 4
Aol thdk 7]Fo] ofofdt 22, Davis (1969) & = 7}o)
27) 02 4910%& Aske] 4Ae) 27)2 B3}
sieh, el oleig W e el Haaie] sl
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Fig. 5. Operculums of bithyniids. {X 22).
B. manchourica, Yangsoori population.
. B. tentaculata, St. Clair population.
. B. siamensis, Khon Kaen population.
. Bithynia species, Kirthipur population.
. B. leachi, Langsee population.
: B. kiusiuensis, Saga population.
: B. misella, Namil population.
G. australis, Walcha population.

IOCTMmMmOOT >

= 3% olE ARE FAEE AYT o 259 B2 92 3A G

ol 2 Hle) 2ol wtx] g A7) B3E Ao 47t B. manchourica®] 73-%-, Shiba (1934b)= #t3bo]
Eehoowebd & odrelde b Z A 120 Alet Az 15mmeds vusely, Kim (1976)2 2074 %] of
He AR E QA2 el HE avleh 2 ohe i 2abo) 11.19mmYU S R shy AL zhat
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Table 5. Dimensions of opercula and the co-ordinates of the starting points of nuclear spire of eight bithyniids

Mean + S.D. (range)

Species No. exam.
Length {(mm)} Width {(mm) /L w/W
B. manchourica 47 3.83 £ 0.300 2.83 £ 0.160 0.29 £ 0.022 0431 0.025
{3.35—4.38) (2.60 —-3.13) (0.26 —0.34) (0.39 —0.46)
B. tentacuviata 43 3.73+0.734 264+ 0512 0.38 £ 0.025 0.44 + 0.034
(2.09 —4.91) (1.64 — 3.45) {0.32 —0.46) {0.33—0.52)
B. siamensis 39 4.24 + 0,361 2.83 1 0.250 045 + 0.025 0.36 + 0.035
(3.59 ~ 5.09) (2.39-3.41) (0.40 ~0.51) (0.29 —0.43)
Bithynia sp. 34 3.83 £ 0.295 2.81+ 0.229 0.52 £ 0.017 0.28 + 0.020
(3.27 — 4.36) (2.27 - 3.18) (0.47 —0.56) (0.23 -0.32)
B. leachi 18 2.18 + 0.313 1.74 £ 0.266 0.39+ 0,019 0.52 £ 0.026
(1.73 ~-2.82) {1.36—2.27) (0.36 ~0.43) (0.44 —0.56)
B. kiusiuensis 15 240+ 0.214 1.79 £ 0.121% 041+ 0.030 0.38 £ 0.027
(1.82 —2.73) (1.65 —2.00) {0.35 —0.46) (0.33 - 0.42)
B. misella 33 2.48 £ 0,256 1.71+0.174 0.39+0.023 041+ 0.034
(1.67 —3.03) (1.22 —-1.98) (0.35 —-0.44) (0.35 —0.54)
G. australis 18 295+ 0.376 220+ 0.311 0.38 £ 0.022 049 £ 0.026
(2.45 - 4.09) {1.18—3.09) (0.32-0.41) (0.45 —0.54)
Remark : w/W and |/L were the co-ordinates of x and y respectively as in Fig. 1.
o) o} 60% HHlel YUt sednh ¥ AFelAE R AR FEel Fohel whet 4%-3_— Fioz g
1 ek el wlgel HE 66%2 e ATE AU ol el sk e Al bl AylE Fujel

o ol @ Asbe B misellac| A 5 vlszsiich, Az
o 54 AL o 271 Aol whet Holr} glon
2 A7, AT B /T A o wgE &
718 whelE o] g5 UtHGloer ef al, 1985), ¥
AR HE o2 g Bl § S 24T uh, 2ol gk A7
o vig2, 7o) tx ot AR E G australis?} 1 v]
o] 0.7724 b A ME dx" AE A
£ ol2ld Wl §2 4B AFTH RE FolA 0.75 ow
o= wohd % 4ol Ut AR vhebueh(P
0.01).

izt merg T o 2ol AxE FAoz
elongately, subovately, ovately =+ globusely conic

2.8 F¥3h= ol (Burch ef al., 1987), A &3 7o
E.—‘;~ Aol ule}l zbo)s} ldch, & B. misella®] 7
o AR BrolA Tt UG AN T DU
}edewi, Nagahana %(1973c) & ©|#i3t 2to]& ¥ 3
@ vh gleh whebd 7o) 2= E BAleke Axchs o
Al THE sk Aol A Aoz Artach

ol‘ _{

v, B. kiusiuensis, B. misella -] 4% A G
australis®] < AulollAl AlFo] T AL &
FollME ANTH A BAT 5 glsdch AF AT
of Bl Gold o g atslr] o]e]-§ Ao ek o=l &l
Mal A 7e Fois #aldtsich, 22 Sugihara
(1954), Nagahana%(1973b, ¢), Sugihara % Okamoto
(1973b)5-2 B. manchourica®) °F 60% o]l A%
o] glckx ¥ 13kl ovk Chun (1964)2 #|5o] ik
sk,

B. manchourica )\ 7-9] 7b & gejsbd 32 7
ol o] gl ]l dl, o] Mol FHx FEE A
< Pilsbry (1901) & P. manchouricus var. japonicus
(B. striatula var. japonica)et+ HESF Fsr %
gt eyt Kim % Choe (1987)+ ofsglollA A
AE A EL o] stoll s o] AAE ] ofo} A
AlRof whep vpee] Eaf of Yot e vpile] 27)7h o
28 vudlgich i 2 Fo 2o vliE R
AA A DAk =l ot 749 Foll A g ol #



.3

e
%@—fﬁf
+

0 1B I - 1 ] 1
| .2 .3 .4 .5 .6
w/W
Fig. 6. The co-ordinates of starting point of nuclear spire

Fof w37k B g He] ke ol Aol
gl A7lof AlgA oz AZEA o] FelH 7] wlve
Aoz Azxchn shich Kim (1976)- 719 ¥l %

of bithyniids, with confidence limits {95% level}.
1 B. manchourica

1 B. tentaculata

. B. siamensis

. Bithynia species

. leachi

. kiusiuensis

. misella

. australis

T@o 0o 00 oo

O™

AR S 22 ow Aol HE ol 7 T3]
zo} ofo 2 FHFol 014 4 e Aoz Az
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Parafossarulus%2} 73%-, Annandale (1923), An-
nandale % Prashad (1924), Walker (1927)= | % 4
FHE A4pA7100) Abbott (1948) 5 ojol] H2lebad
ok v of Ho] A9 vie] gl ANAEE (ks
2lah) slew, dAx¥-o He)7}t Bithyniadol 2 A%
B. tentaculatas} # c}et 2o| 7} glo] Pace (1973)¢] A8l
ol 2 4 7] 4} (Annandale and Prashad, 1924) ¢l u} &}
ol ol o 2 FhpEI I i o) F A s ge A
o] & HAog Azwch weld ¥, A, 39
iutol] B2 3l P omanchouricus= B. manchourica
Bourguignat, 18602 & 7if 3}= 7o wigta & Ao
B AzbE of

B. Fkiusivensis'= Shiba (1933) 7} $-zliie}l safe
ol ZolA HEgeoz A4 B o)z Lee (1956) 7}
AL 3 F-E-5oll B. misellus kiusinensis = 7) A gk
v} 9l Kwon % Habe (1979)+ &4t S| F-5-Zof B,
misella7} L3 Heg 33 v glek = Kim
(1976)-2 $-2lviellle B, kiusiuensis$t B. misella®)
2%0] xevky s Falo] fel PeNd woeg
Som, Kim (1983)-& B. misella®) 3L =0l s B
a8k vt glet E& ol B. misellad] A 2 E
o) M3 7t 9 B kiusiuensisulo) I 3= Ao
2 #x s 9l oh(Hirase, 1927, Kuroda, 1947, 1963,
Habe, 1973; Nagahana, 1976),

Chung (1984) & o] 5 Fo) o|sFFalxlo) whaf ¢
AR v} Aok sty ow q-FA 28 Parafossarulus)
obd iz Gabbiaol dojok Hchm slgich e}
ole|dt A|qte whA| B. tentaculata, B. manchourica
B. miseila 3Z1}2) allozyme$ 243}o] similarity3t
S 2AR G Aoz TFA Gabbiaste) wla i 7 b
& oA glv}, 3 Habe (1973) B. kiusiuensis?} &
T ol Rk Fglon), 233 ciule) £
3= B. misellashel s)7te) Gelahd xjol % J&dtg]
c},

¥ 3% Gabbia%o| ZFA 7| =vdabe EAlol 9]
Shiba (1934a) v} Kuroda (1963) & Gabbigolsrol) L3¢
AR, Zeelle Bithyniadol 234713 9ok, &
o 2oi4l= Kwon % Habe (1979)7} G. misella®
*FZ B3E & olal] Gabbiasrol) TEAFIL Yot B
AT Az Mz el Gabbiad zt gt oz
Bithynia%oll A AE Hez A4S g5 &

Aol bl b=k B misella®] 749- A24 B
kiusivensist HestH 07 zlo]Ho] gl o; Folt

ababa) wla eI He g e Azl
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