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Reproductive Cycle and Parturition
Induction in Three Species of the

Pleuroceridae

Hae Jin Chang

Department of Fisheries Biology, Graduate School,
Pukyong National University,
Busan 608-737, Korea

Abstract

This study was performed, from January, 1998 to January, 2001, to obtain
the basic information of the reproductive cycle and the induction of
parturition in the three species of freshwater snail, Semisulcospira libertina
libertina, Semisulcospira gottschei and Koreanomelania globus (Mesogastropoda;
Pleuroceridae.

1. Reproductive cycle

Three species of Pleuroceridae had two main reproductive cycle. S.
libertina libertina could be divided into five successive stages: multiplicative
(March, October), growing (April and May, November), mature (June and
July, December), ovulation (August, January) and resting (September,
February) stages in female and multiplicative (March, October), growing
(April, November), mature (May and June, December), copulatory (July and
August, January), resting (September, February) stages in male. Two main
parturition periods of S. libertina libertina were March to May and
September and October.

Reproductive cycle of S. gottschei could be divided into five successive
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stages: multiplicative (February, September), growing (March, October),
mature (April and May, November), ovulation (June and July, December)
and resting (August, January) stages in female and multiplicative (February
, August), growing (March and April, September), mature (May, October to
December), copulatory (June, December) and resting (July, January) stages
in male. Two main parturition periods of S. gottschei were April and May,
September and October.

The reproductive cycle of an oviparous freshwater snail, K. globus could
be divided into five successive stages: multiplicative (March, September),
growing (Aprii and May, October and November), mature (June,
December), spawning (July, January) and recovery (August, February) stages
in female and multiplicative (March, September), growing (April and May,
October), mature (June, November), spawning (July, December and January)

and recovery (August, February) stages in male.

2. Parturition induction

This study investigated the parturition time, number of newly parturient
embryo and parturition rate of embryo to various stimuli on ovoviviparous
freshwater snails, S. libertina libertina and S. gottschei. S. gottschei were more
effective than S. libertina libertina to parturition induction. Two species not
responded to exposure of NH;OH and HxO, and showed to response the
rising of water temperature and the exposure of serotonin and

acetylcholine, but only S. gotfschei responded to the air exposure. In case of
S. libertina libertina exposed in 10° M acetylcholine, the number of newly

parturient embryo was 62 inds., which was the most among experimental
groups, and parturition rate of embryo was higher than other groups. In S.
gottschei, the number of newly parturient embryo was 98 inds. at 97T,
which was the most among experimental groups. The number of newly
parturient embryo was 78 inds. at the exposure of 10 M acetylcholine.

It could be concluded that the treatment of acetylcholine showed an
positive effect in the seedling production of S. Ilibertina libertina and S.
gottschei.
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[. 9477

1. A &

g&718% 5 BEE7H(Gastropoda), 7 A| o} (Prosobranchia), 55 (Meso-
gastropoda), th< 7] #H(Pleuroceridae)2 #75™, 35S HIFsto] A&, iyl
% Fol 9z BESD ATk fUelt 2% 9%0] AHste oz B
nEw gon, o5e ALolABA WA Ee dhdelth oF t&
(Semisulcospira libertina libertina) 9} A Th& 7|(Semisucospira gottschei)= THE 7|
2=(Semisulcospiras:) 0.2 FEjAF oI, EFLthE 7](Koreanomelania globus)v=
At 7] & (Koreanomelania ) 0. 2 A £ o] th(Kwon, 1990).

FEdEe] 4, 34, A% 2 AF S 4y AHsta e vsrlRe 4
§02x4 7ax7}t £ §& FiAdeth au HZde AEEe, Fo
FEEd AHE da A
gojt}. o9} o] aE th&vle] Wig A A
4 B3 g 34 e Aol o FAR FAstaL doH, o] Fo o

FAEl ol &sh7] A% FRAN R FA7IE TR
ol & A ZAHITAH el i th&srle] WAy

D
2718 sefste A FRANS A% 12A4S 9t o 389 Aart €@
o}
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g&rel #E| FoelMe AEEE A(Habe and Itagaki, 1978), A2 7]
Ho] sy %2384 dF(Nakano and Nishiwaki, 1989), wWl-+-A} @AY H &
g iAol AAZ W3k (Koike et al, 1992), M2 Ay e (Nakano and Izawa,
1996) 5o WA AESHQ A7 JAHT Uk eyt e LS
o2 8 F2U&7|(S. forticosta)e] EE(Kil, 1977), Th&719] 7|4 Z A
AF(Im et al., 1986), AFe2 A E(Kim et al, 1985) ¥ A X832 A7(Kim
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et al., 1987) Go] Xuxx ¢t}

7o AAF7| WstdE Ak Turbo cornutus (Lee, 1980), =7}
Anodonta (Sinanodonta) woodiana (Chung, 1980), A} 270 Fulvia mutica (Chang
and Lee, 1982), Bt=7§ Solen strictus (Chung et al, 1986), u}=]2 Ruditapes
philippinarum (Chung et al., 1994), #7}2] ) Patinopecten yessoensis (Chang et
al., 1985, Chang et al, 1997), 3= Crassostrea gigas (Min, 1999), <%9-2
Tresus keenae (Kim et al., 1999) 59| A3/} Rugw oy, tg&r)Hd A
e RATHES BHA7) BE 2A%H A7(Kang 1986)7) S 2,
SVl WY BYEE ERMEHA ATE Fohus] WE AFoltt
E9 sl e Aol e AWl ASEE, tesRe S0 g 4

o

TBE B ATANE g, 2AGLY] 9 45U0E7S gz
T A4A Fee 2T, 2A%A By 2 Q9 dgEzel o8 44
AE GGG WAZI)E desian. =3 Bead 29 garle o

24& ZABI, FAVE PRGORH, GraEe

M g FRAY TSR] Be xRS Adu san.



2. Al H Uy
21. A7 HF

£ a7l AHEE theTlE 19989 185 H 1297HA] ZA4dE s A U
AR AFAAA, ZATE7IL GFLTETie FEE BT FAT 9
Zrz} 20003 1¥€55 129, 20000d 2958 20013 1¥€71x) AR 3sQch 133
Al BAREAE ol&dte Fe AENeH, APE MAFT et B
Al Aleg terle WY v E, XATETd dFdtErie Y 20
nhe & AdEste] Zta g AR BiYe] AEH22 0.01 m7tA F35 Y,
jzto 2Ry SHARE F2td SF(meat weightt MW)3} z+E  (shell
weight: SW)& ZALSIAS. old) AF, &% 2 AF5L& FEAE(Denver

Instrument Company, US.A)& o] &3t 0.01 g7tx] A sl ch(Table I -1).

by

Table 1-1. Number and size of three species freshwater snails used for the

experiment
No. of Shell Shell Total Meat Shell
0. 0
Species , height diameter weight weight weight
specimens
(mm) (mm) (&) (&) (&)
Semisulcospira
libertina 480 159434 78+1.4 06+03 0.2+0.1 04202
libertina
Semisulcospira
. 240 27.3+34 11.5+1.2 1.7+05 0.8+0.2 09:03
Lottschei
Koreanomelania
240 155421 92+#15 1105 05402 0603
globus

WAER ARE BU2 od z2ue) B3 247, 3%, §F 2 7439 4y
BgAe Paden, 71¢7 A AvAse §9% H2E Computer



Program Statistix 3.1 (Ahalytical Software, St. Paul, Min. USA)Z £4HEA
dAlsta Ha fFolaks A A

to

23. AHxe] 72 2 2

A2 F2E oter] 9t §ARE Bouin 90 14F F, 23
o2 AH5HAE WE ALY R H JXE AT

A A A 29 ”L%iﬂrz & BEEY] o AF A5 AL 9RE AHsY
Bouin g9 ng3 &, sepd dAdwel wet 5~7 me UL Azey
o A2 EE-2 Harris's haematoxylin#} 0.5% eosin® & o] 3¢ 413}l 0.0,
A Az g ‘873]% Fetn Ao g AFste LRI

r°l'

24 AARAEY v HFZ
E71F9 YAAZY nATEE et flad, AAss] Ane

M phosphate buffer solution (PBS, pH 72)e2 <=A171 25%
glutaraldehyde &-°}° & 4T 2417+ &< 3% (pre-fixation)st Gt} o] &
PBS ¢hgoloz AHF ohg 1% OsO, (phosphate buffer, pH 7.3)¢] 21\]7P
¢ FaR S 3, 50~100% ©AE ethanolol] 1584 @435l @47}
T4 ethanol& propyleneoxide® %3}, propyleneoxide 2} epon_ozl =%
Ho| Ho] HFAZ F, epon 8120] Tufated, 35 45 L 60°CoA ztzt 12,
12 3 BAH FFAHT EojE A2 A Ee] AZE ultramicrotome (LKB,
Nova, Sweden)S ©]-&3t] 05 um F7| & semithin sectiondt t<-, toluidine
blue @asle) BAY RolE AIHYT BAVAF FalA To) Amt
GAl 70 o FAE ZYbH(ultrathin section)dl gt ZubdE AL
uranylacetate®} lead citrate 8940 2 o]FFMsle] F A& A (JEM 1200
E-XI, 60~80 kV, JEOL, Japan)©. 2 g 3+algu}.

47 wshe Mg 2~579 Mz gE ZARRAN GRAZY 93 <
of YeE Awe T @vAd AZ¥ AFE sEAE2 1Y Matrox



Electronic Systems Ltd, Canada)g ©| 83l F43% dAS ZHS &, 1
TS ol 83t &8 HFdAH GEEEE ZAEIG O

26. B FAZA

Hado A4 9 FA 9AE 24S ZAE7] 9dke, dig AAEs
Hade] EA #55 dotsta, £ HSPo2RyH fAL HEdo @
Ao {5 FAo YIEEAE BHIAT fA wadAE
Nakano (1990)8] S o]&3te A9 Yo 7I7h% FHY trochophore
(M), A=& 2z oy torsiono] AlZEE @A pre-veliger (P), 13]9)
torsionz} 2+ A FA Q] veliger (V), 23] 0|49 torsiond} ¥, HEo] 9
71#o] BHEE juvenile ()] 49 AZ R3] AFstAT (Fig 1-1).

Trochophore Pre-veliger

Veliger Juvenile

Fig. 1-1. Four stages of larvae by
morphological characteristics.



) A2ty ZHHEEL Chang and Lee (1982)9] WS F 43t JejA
T &7 XAG

s
rowing stage: G), A< 7](mature stage: M), 8] 7](ovulation stage: O) 2
g g stag g g

N

= E¥E3Z 4 7|(multiplicative stage: Mu), A% 7]

W] 7](copulatory stage: C), FA|7] (resting stage: R)Z, dAE dF U}

7] #¥€%5 24 7](multiplicative stage: Mu), 47 7](growing stage: G), A%

7](mature stage: M), 4t&7](spawning stage: S) % 3] & 7|(recovery stage :
RS 147Q) 5eA R FREA



3. 4 3
3.1. &7

311 YA e
Os7] A € F&8 dF 13~25T2, 295E MA3] Eolx
71 AlZtsted 9o 225TE Hugs Bow, 1294 13T HARES U
e chFig. 1-2).

w
o

N
(34}
T

N
o

-
(3}

-
o

3]

WATER TEMPERATURE ( C)

0
Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.

MONTH

Fig. 1-2. Monthly changes of water temperature at the habitat
of Semisulcospira libertina libertina.

312, Aoy A A

ZAE 717F F< 480 A Aol Ao Zao] et A AUl AR zhud) o
g, 5% 2 459 i8S Fig 130 Yeblith ztaSH)s 2H3(sD)
A= SD=0.3583SH+2.1648 (R =0.8345)9] I AZAM(nFEH)CE JEIG

fo. ot



ok 9 ZiSH) tigk ME(TW), ZSH)ol gk S5MW) 2 zhaSH)el o
3 ZH5(SW) 2] A4S ZhzE TW=0.00055H"* (R?=0.8953), MW=0.0004SH>**

—
o
N
(<3

E SD =0.3583SH +2.1648 TW = 0_00055H2-4553
E R'=0.8345,n=480 G R?=0.8953, n = 480
14 - 15
w 10 - I
o o
w
1.0 }
Z 2
A -
S0 2 05
d o - -
T -
* 0 L L 0.0
_ 1.5
0.8 [ MW=000055H** SW = 0.0004SH>¥7%
S R?=0.8391, n = 480 C R?=0.7057, n = 480
N’ h .
E o6 | T 10 |
o o
i i
= 04 | =
e =05 |
w
— I T
= n
0 0.0
0 10 20 30 0 10 20 30

SHELL HEIGHT (mm)

Fig. 1-3. Relative growth between shell height (SH), shell diameter
(SD), total weight (TW), meat weight (MW) and shell
weight (SW) of Semisulcospira libertina libertina.



(R*=0.8391), SW=0.0004SH™"™* (R*=0.7057)2] X535 BAS Bk ztzte] Ay
gl P ABAF Aolg FAY A, Zud UiF A, BF, &
2 7% Abole] Fol@ 2olE LhEhATHP<0.05).

ol

313 AHAae 72 ¢ U
gsr1e AAhe 28l (digestive diverticula)?] 912 FHIRE 2i &
K E27HA AR E dden, dihs daad, HAx
A AN FHo R tdev)e IAHY IS THEE AL oo, b
e AAT 5 fEe A3, AN B9 No] g Y2, FAL P
< Yehla A3, B8 F(brood pouch)d] FEZH 2370
Featdt. 2F3H oz #Es Ay, gd&rie AFolAgen, dide
7t o] FF(columellar) 9& ZA Dl F& B (oviduct)o], AirME 2=
g @(vas deferens)o] #FAHJT. FAHAL F& o mHojgds @ AY =
ol YA, BAZ ZtEA UE W FHAS wo HA wET £ Ut
OE719 o7 AALE 2HLHoE A3 Ay, g go] B4
71, 44371, A7), @ 2 wv)y), FA7Y dE5FHQ 5uAE RS § gl

o}
#8354 7] (multiplicative stage: Mu)

dazde]l BA4IgelN GAAE} B0 BAZA5E GAAE S}
Zvetgich GAHMEY HAL 20 m oGO, B} glo] Falo] HAHY
o YaolHE FaATY AN GlN FANE} BAEAs A HH 4
A WSz Bdsly lAchFig. 1-4 Mu).
A7) (growing stage: G)

AMe AFE A GRMEEO] dAask

Ht HEe MEA we FF F7HE BT S ATk AT GRA R

21742 100~300 At AaoME EEZFAS vl HLHEZ} A1z AR



Fig. 1-4. Histological identifications of the gonad stages in

Semisulcospira libertina liberting. Left side of each
photograph shows ovary and right side shows

testis. Mu: multiplicative stage, G: growing stage,
M: mature stage, O: ovulation stage, C: copulatory
stage, R: resting stage. lu: lumen, n: nucleus, oc:
oocyte, og: oogonia, sc: spermatocyte, sg: spermato-
gonia, st: spermatid, sz: spermatozoa, vyg: yolk

granule. Scale bar=50 sm.



ATz wesdoh Al FRATE Al H52Ae AR A 23 ARA
x2 dgste A WAS 7H5 A JNeH, A2x FRAEE A
SEGo o8 AAEE HATHFig. 1-4 G).
A7) (mature stage: M)

daHNE UEAZE 84S AT, AEA) BRIAL FH5o 4

ST Bos ZEglen, dido] gdFo|nt. o olFo] #FHAHJC
H, A5 dEAEE 7o) 300~500 mL, H7EL 50~100 mAt. Fi
M= AAGe Fold FRAEETH FHEEo] EASy FaAaY T4
AE 4% WS AA5ol MBS WAL ALozH BARFY 5FL of
FAo(Fig. 14 M).
" gt 7] (ovulation stage: O) @ 1] 7] (copulatory stage: C)

dael e A Aid A s 38 Fgoe] FiEta 8 o] Fo
g5 ¥ oo dRAEZ FFEHAG Y] dEAEE A 450~600 m
2 4%719 GRAL 279 uLasitiFig 14 O). AadldE A4S0l

Aojg WaEol EZARG A EL glojAn, dF ugEdE Azt #
Z5e 284S HAYHFig. 14 Q).
FA 7] (resting stage: R)

i welrl g dAhsd 2 a3 9EHAT
A4S BRG 28y addde vEEE dRAEE FEEHJeH, 4
AE2 A5 AN BAE Fol A WEHA g3 BEH e BA} @

#E}(Fig. 1-4 R).

4. AAAMEY mlAMFx

H YEAXEE dAaLd AR EojM Ao ZRE JUAEAS
w At 433y dnazs x%z]—%_lzﬂ F2 2l(nucleolus,
712 #(nucleus, N)o] o]F 2] wh9juto g Zgimo] glon, A EZ Ao
A7t £ o G A g (yolk granule, YG)I} AALE7 @

EMIL*—*

ol
o Nl

o

Z

U)

als
)
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Fig. I-5. Electron micrographs of germ cells and brood pouch in
Semisulcospira libertina libertina. @: vitellogenic oocyte; @:

mature oocyte; ©: brood pouch in female; @): section of
spermatocyte; (E): section of spermatozoom; (: mitochon-
dria and flagella. AC, acrosome; BPM, brood pouch mem-
brane; C, chromatin; F, flagellum; LG, lipid granule; M,
mitochondrion; MV, microvilli; N, nucleus; NE, nucleus
envelope; NU, nucleolus; OC, oocyte; SZ, spermatozoa;
YG, yolk granule.
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2% 2 (lipid granule, LG)o] B3t chFig. 1-5 A, ). BeGe HEde
npgEo] 3~4 yme] v]l§E(microvill, MV)Z o]Fojx wlo g SZaixna] 94
HFig. 1-5 C).

SE719 8 YA E(spermatogonium, SG)& FAA TS A2 AT (GE) 9o
oe] o2 wadHo Ax, d&vle 939 AXA Holl 7 m AFE 52
q& 7HAA AUTHFig. 1-5 D). SAels e wefe] gudo] AA)stg)

5 A 3 (spermatocyte, SC) @ AolE o] QWA SZo] ks o] 2ol
A AT BEE e ARMEE M3 48 A A E(spermatid,
ST)EZ wWstn, g4de e 75 A4 Hz, rEEcelols 89 Futo)
AASA =H FHA BEHJUD. olF HHAEE ALH A2 W
HFGE AAH, AZAL HAAHo g 4245 T, o AdHos A\ 237
ol Yetdth MElE %483 A x}(spermatozoon, SZ)S& Ao WL a3
of 2Estn], AU A2 T3 nAFo 2 vy(N)e] Zole ¢k 25 mY
on, 2 deel] 3% ®ofo] A (acrosome, AC)7} EA)stPch HAE 1.5
me} A ZHaxial rod)e] HAHeZ Mo HNETE FAstn glon, wpx
YE A%l A UATHFig. 1-5E). FHRE 49 nEZ oM}
de

tlo

4 &4 (proximal centriole, PC)7} # 2 (flagellum, F)s} dA= o] 4

01)1

315 GAEE
tE7le) daolM 2EE EAG BT GALS 496 21164133 mPd A

o] AA} ZobA 6¥ol 1551133 mPom, 7ol FAS| At 249.6+122
mZz AF 7P e YW olF AR FolAE AHS HolWA 1299
134.34106 m% A% 714 2L %L veldo(Fig. 1-6).

HE719) dAAFTE 0 mPE 150 me] HHozse 4GA T o] xA}
e e gusle Fig. 1-7% Zo], W3 0~150 mel YR A LE 393
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109l Z}7z} 58.7%, 58.4% 2 A e, 7€ 8o ztz} 24%, 21.4% 2
A et 43 150~300 me] GREAMEE 597 1194 @gron, 300~
450 e GREME = 7~99] AX =A Yeldo. @A 450~600 imel A<

400
i T
(14
w
HY 300
=
<
o
&

200
P
O
o
o
w
% 100
=
<

0 b | 1 i 1 1 1 L 1 | ' i 1
Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
MONTH

Fig. [-6. Monthly changes in average oocyte diameter of
Semisulcospira libertina libertina.

g dmAEZE 29 olF HA Pt 590 A=A gaton, 6dRH F
7betE Aoz 894 83%2 A oS HYd. olFE 993E 7+AEy)

A &Sk 10, 1199 YehA] 9ttt
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80 80 |,
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Jan. Jul.

40 40

0 0

80 80
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40 40
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80 80 Sep.

40 40
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80 80
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40 40

0 0

80 80
Nov.

40 40

0 0

80 80
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40 40

0 0

0 150 300 450 600 0 150 300 450 600
OOCYTE DIAMETER ()

Fig. 1-7. Relative frequency distribution of the oocyte
diameter of Semisulcospira libertina libertina.
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316, 83 FAxRA

Uyl Hedel B fA5E 790 91=BriYE AF HAge YEhy
ou, 1190 396:174vtel2 A% HAOe AT w3, W fAFE 24
2, 6, 790 AT 9~1120] Z7hstel, B o] AL 7o F7}

Ol

Fe A%< JehithFig. 1-9).

700
600 | n=14
500
n=6

400 |

300

200 |

LARVAE NUMBER/SNAIL

100 |

Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
MONTH

Fig. I -8. Monthly changes of avergae number of larvae in brood

pouch of female Semisulcospira libertina libertina.

FAY 2SS 4¥EE #F3 A3}, trochophorer= 3YHE Z713}
7] A #ste] 59l 66.7%2 AF 7HE wA dEbged, 6¥d 194%2 F3
sl Zashe A%e wAth @ 799 2H BA Jetou, 109
74%2 7FA3FH T Pre-veliger= trochophoreZ}l 7Z+4 3% 6¥ 3 8¢ 181 10
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dol 73 F7hE #EFY 5 den, 11949 a3

EPt T} Pre-veliger 42 29& A9stn A4F 20% o4 BFFHPon, =
3] 10~12¢e =4 Yepsth Vehge r= 280 609% 2 AF HuFPS HYo
™, °o|F 3~5¢9 a¥lx 7~99e] A P%

juvenile2 1€ 139%2 7} Tgtoy, 3~5¢9 283 8~1197x A5}
= BF= BA Juvenile> AF 20% olste) Bre wgE pIFPoTH, 4
ZIe 8 EF%e 92 & 5 AU 53], 6, 7990 HlE] 12~2¢0]
juvenile®] H]&o] FUW Hog Ro} 7FEHTHE Bo Zalo] gutalA o] F
olA = Aoz AAEHAH(Fig. 1-9).

i

31.7. HAF7)

o 6 78, 12¢€ AT AAVE Jegth 443 dRARZE 89w 1Y)
HEZIE AA 993t 290l FA719 224 BPon BEE YR TEE
BHENY. F2 Ao FEGAY st AT uEe AFe Uy
on, 393 108 FLMES B -FA87 ARy, 497 11€0) 4
NE7E AEAZ BAERZ FFed 5 693 129eE 4% W3 Y5

719 dEAEE £ olF HEPoZ $AA 7t BAYAS AP e 23}
10€0), 1€ vigdd dRAX
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3.2, XAE7]

321 AAA Y e

A7) APAGY 98 £ 38HE Eobxy] Astel 79 25T
2 Auge ngow, olF wolx 12g€dE 1C2 AANYS Yehyri(Fig
I -10).

(%
o

N
(3]

N
o

-
o

WATER TEMPERATURE (T)

Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
MONTH

Fig. 1-10. Monthly changes of water temperature at the habitat
of Semisulcospira gottschei,

322 oA

FAL 71ZF F 24070 A QoY Zane]l tiE A, [E, §3 2 zHEo] AR
< Fig. I-11e] vepdch zZhasH)st zH4((SD)e] #Al:  SD=0.2481SH+4.6814
R=05077)e] #FAHHo2 Vehhon], ztnGH] het FETW), SZMW) 2
ZFe(SW) 9] Aol gae 2zt TW=0.0006SH*" (R*=0.8352), MW=0.0003SH>**
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(R*=0.7437), SW=0.0002SH*** (R*=0.741)9] A58t BAZ WYtk Z2he] o4
el g FaAFe zolg HFR dn, Ay g 44, AF, §F %

7% Atole] 9@ AolE EhiTHP<0.0).

20 4
SD=0.2481SH + 4.6814 TW = 0.0006SH>%1®
’E‘ R2=0.5077, n =240 R?=0.8352, n =240
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Fig. I-11. Relative growth between shell height (SH), shell diameter
(SD), total weight (TW), meat weight (MW) and shell
weight (SW) of Semisulcospira gottschei.
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323 49 & B ¥
RAGE S YL T2E 25U 9% AR Hele] PRl B4
T3 27 Agsel ATk WAt dasd, aE FAABOE ofF
A ARes, AAzrt de A4, Fhe B4 Ushin Yok
4 RAGEIE BRde FREA 2459 4 Bl sbesidn. 245
Moz By Agoldg BAHYoH, GRdE Fan

2AZ47] (Mu)
ATl dQAES AT BUY BAZAL BIY 5 Y

o Ay dAAZeE AT 718 #2Y S ddeH, dgAxe 3
AL 20 m AT BaoMe Faxae Q4o FAMEs B
54t HA Aadd Wiz dasty IUthFig. 1-12 Mu).
8771 (G)

AT G M oA dAME L HAA LS *@’ﬁ*&ﬂ’%oﬂ F23 A
BAstd AF daagd 1H7o Fog A 7, Hae FadHzrE
AANZE, ARAE 5 AAEIE WS Sl 3 7}1 Ne Bl #

25 91thFig. 1-12 Q).

A571 (M)
AAFE] GEHEEC] FA3) ALstd 600 m Wl 272 Hu, W43t
AP 7S} GEAEZL dAaLGWA A AR FaisddeE
E vpd AAEZ A 7= AYAY, o] w AAAE HYz vgs UY

tHFig. 1-12 M).
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danGe g WA SAHE dBFPol Fuks] Qo H(Fig.
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TR SRR

Fig. 1-12. Histological identifications of the gonad stages in
Semisulcospira gottschei. Left side of each photograph
shows ovary and right side shows testis. Mu:
multiplicative stage, G: growing stage, M: mature
stage, O: ovulation stage, C: copulatory stage, R:
resting stage. lu: lumen, n: nucleus, oc: oocyte, sc:
spermatocyte, sg: spermatogonia, st: spermatid, sz:

spermatozoa, yg: yolk granule. Scale bar=50 gm.



(Fig. 1-12 Q).

Szl‘iiE}(Fig. I-12 R).

3.24. A2 M L] vlAFLx

TAGEIE Ghaad FIHEd Eojx AGOoRRE JUYFHS TIFE
o JRMXEY} AAF ¢l(nucleolus, NU)3} &
(nucleus, N)o] o]F 9] dyjutoz Eejnd AUTHFig. [-13 A). &3 @
SAEe] AxFee thge] d¥gnge] #FHJ 2B (Fig. 1-13 B), K532
M E A vz 3~4 me vgE(microvilli, MV)Z o]Fo|x o g F
Mol 2l AtHFig. 1-13 Q).

FAtE71e] oM Bolle A YM E(spermatogonium, SG)&} HEAE
(spermatocyte, SC), A A E(spermatid, ST)7} F& °]Fo] wjd=H] Ao,
Axdees 2 g2 vEZ=Fotet fEE ¢ AZAV #EHJAT
(Fig. 1-13 D). o}% A&A A2 HelFAH S AA, AEEAS HAHow &
Axlm, o] HAdRdes HAAG EZol Jedth ¥HHE ¢4E3 HA
(spermatozoon, SZ)E-2 A& WS st Exsy, A JHd= S

2Z¥go g HEgN)Y Zole 25~3 mAon, 1 Mdd aF 29
A A (acrosome, AC)7} £t A= 1.5~2 me HAZk(axial rod)e] 3
Autoz wod HAXE FAstn e, npgXkes ddd%dol A UG
(Fig. 1-13 E). FH¥E T&7l9} v 479 nEEZ=glolM)gh 2
& Z 44 A (proximal centriole, PC)7} # X (flagellum, F)o} |dd= o] gt
(Fig. 1-13 F).
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Fig. 1-13. Electron micrographs of germ cells and brood pouch

in Semisulcospira gottschei. @: vitellogenic oocyte; ®:
mature oocyte; ©: brood pouch in female; ©:
section of spermatocyte; ®: section of spermatozoom;
®: mitochondria and flagella. AC, acrosome; BPM,
brood pouch membrane; C, chromatin; EM, embryo;
F, flagellum; LG, lipid granule; M, mitochondrion;
MYV, microvilli; N, nucleus; NE, nucleus envelope;

NU, nucleolus; SZ, spermatozoa; YG, yolk granule,.
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325 GHRY

XAGE7S. gottschei)o] BT FAL 490 18431561 mollA 599
350.0127.6 m=Z FA3A F/18td A% Hu@e Yo, o]F 997t
13241652 ymo] A2 Z43tQh 10, 1199 A Z718ked oF 300 me] o]
z23lov, 124 ZobA 11342505 mZ AF HA2HS XA (Fig. -14).
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Fig. 1-14. Monthly changes in average oocyte diameter of
Semisulcospira gottschei.
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oS veRen, 10, 119 FAastdh 150~300 m 27)8 YRAXE 2
ol 75%E AF M EL @g RYoy, olF 69717 pAistad l 7
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Fig. 1-15. Relative frequency distribution of the oocyte

diameter of Semisulcospira gottschei.
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Holl 50% % A F7etH oy, 109744 A4ste AL X FGt} 300~450
pm 718 GRAEE 590 1 Wer} Z718o 6, 79 =A e} 45

0~600 im A7]2] YR ALY WEE 3Y~59,
W, 1289 ~24, 9¥oll= YElYA] ekskth(Fig. 1-15).
3.2.6. H5Fo] fAZ

XAGE7IY HEd HE 7

So] B.ojZo) nlg BF §A%}

o
i
2
Y
rr

[

E3st Ak
=

2400

10, 11l £& A& B2

oy, 7k A

ebsth(Fig. 1-16).
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Fig. I-16. Monthly changes of avergae number of larvae in brood

pouch of female Semisulcospira gottschei.
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4 A ZANA trochophorers 1€ 12%8 AF 71F @A Yelge
¥, 590 652%2 FHA FIeted AF HagS Bt olF HAsie 8
Aol 6%2 YEhow, 1080 384% 2 A F71etR 7t 1299 32%=2 3
23}t Pre-veliger= 1€l 23%04 6¥ol] 276%=2 ZF713tH izl 844
72% % 7rAsQth o]l%& F71ste 1099 24.0% 2 YERES. ™, trochophoree}
np A 2 129744 2Ade 4TS HYth Veliger @Al F4L 494
32.7% 004 5€ 104%2 ARt 6~1297+4] S7H FaE HESAH.
Juvenile2 1¥€0) 824%2 AF 71 & @& HIow, 59 14%=2 HA}
Zrastdnt o]F E7hete] 899 642%F ZFvbetA, 9, 10¥o) FAstYTh
7F 11, 1299 Frshe 2SS HArh XA THE7)9 juveniled trochophore
o] Wixyl Z71sl= 593 1090 #IAste Aoz MZ G4 #AAS K
Rnom, g&7e npiRZ AF 23)9] F4 AVE Ze AoE Yyt
(Fig. 1-17).
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33. gFeH

>

7]

331 APA ]

dFdorEr] APRNGY L F22 3Y 9T FokA 7] A& e 5€
ol 2002 AF HigSs ek olF 6delA 8dtAE 17~18CE &
Halg Uehlx] ggton, 12490 05C2 9% HAAF S HthFig. 1-18).
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Fig. I-18. Monthly changes of water temperature at the habitat
of Koreanomelania globus.
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ZAL 717F Bt 24074 A o) lol Zarel tid Ao AoiAd A Zae] oy
3 AE, &2 2 zZtE9 AWAFL Fig. 1-199] Jerich Zta(SH)s 2473
(SD)o] #7AlE= SD=0.5647SH+0.413 (R*=0.6672)9] A HM o2 Vel &
Z}a(SH)oll g AF(TW), 2t SH)dl gk S5 MW) 2 Zha(SH)ol| &
2}2(6W)el AuladA-e 24z TW=0.0007SH>*" (R?=0.8479), MW=0.0003SH>*?
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(R*=0.7553), SW=0.0003SH**¥ (R?=0.662)¢] 4=3H¢ TAS w4t zhzhe] Ao
el i GuAFY Aole HFAS An, e Wi 7443, dF, §5 2

2% Atole] o3 2polE LFERITHP<0.05)

20 4

— SD=0.5647SH+ 0.413 TW = 0.0007SH*®
£ R?=0.6672, n =240 - R?=0.8479, n = 240 .
E S 3}
@ 15 | =
u 5
= w2
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Fig. I-19. Relative growth between shell height (SH), shell diameter
(SD), total weight (TW), meat weight (MW) and shell
weight (SW) of Koreanomelania globus.
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G GFATEY GHLe FRE BN AEE Oer) B AT
A% fFAROm, Bage EASA dgdnh ALk T 4% AR IS
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ArATE7Ie) AALANE AT WLEFA YAATI} pIHYOH, 4
N wange o4 247 A5HQ suAR RS

WA EE PA7h dALGT PhEAS FASD, olF 444 A

e dg AFHAen, g3 Hrdo] My
A wsolzl AN FaAP YEee
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Aed GRAEZ A2 BEH7) Al daide] HoegRE A A
7171 NEei, wE T dRAZEZE FFHAY. LM e FAEC] A¢

2 $EsEA Aol Mol AW AAsAckFg. 1-20 5).
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Fig. 1-20. Histological identifications of the gonad stages in

Koreanomelania globus. Left side of each photograph
shows ovary and right side shows testis. Mu:
multiplicative stage, G: growing stage, M: mature
stage, S: spawning stage, R: resting stage. n:
nucleus, oc: oocyte, og: oogonia, sc: spermatocyte,
sg: spermatogonia, st: spermatid, sz: spermatozoa,

yg: yolk granule. Scale bar=50 /m.
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3 57] (R)

Wdo] Edd Ay ‘i‘ip_i—‘?—ﬂ MEE GRAEE Edo] FutstA
AgEden, 98 474 )
A7 "3 FrH, zéiOﬂHE MEF o-‘r’lxﬂi«] TEe 23 5 A
(Fig. 1-20 R).

33.4. AAMIEY wlMFZR

FFdttEriel G GEAZE dRBPo s 453 oM (Fig.
1-21 A, B), Waide oF 15 me) u]§Rz Seiste IickFig 1-21 O).

el AAFAG AL dolA Ve dErg ZAYETY #
AbstRen, FERAME zol7h gIAThFig. 1-21 D). HHE $33 Az
(spermatozoa, SZ)E2 A9 WA st F2dle JYon, n72F o
G(N)E ZHol7t 25~3 mPen, 1.5~2 me] Al (acrosome, AC)7} &5}
ot FAZHaxial rod)o] HA Lo 2 Mo JAXTE FAstn glon, npgRe
dE8 A%l A ANAGFig. 1-21 E). FAFAE 419 vEE=goiM)g}
A F 4 2 (proximal centriole, PC)7H 2 (flagellum, F)¢} Aol U
tHFig. 1-21 F).

335 YARS
GFLGE7)9 BT FAL 290 2295:742 mE AF AUFS ngo
o, 390l 174.0+78.3 m¥ A3 AT ) 590 198.1+77.7 ymz Z=7}sts 78k
—% B3 o)% 99 °ﬂ 1265:499 m% Zastd 4% HAgS Ueion,
H oA F7bslHoHFig. 1-22).
drus7le &7 HATET visld FE do] e Aoz Y
el GAAIF S 0~100 gm, 100~200 gm, 200~300 gm, 300~400 ume] 4¢HA)
2 Y ﬁ , 0~100 m F719] GEMNEE 390 226%2 Z7)8td 49 ~6
dol dA s, o€ 435%2 oA Fr1ete dF Huge v
100~200 m 517]94 GEMEE 499 733%Q o}, o]F A 69
348%% AF HAUES EAth ole 7HREH F7Hste 89 66.7%2 AE
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Fig. 1-21. Electron micrographs of germ cells in Koreanomelania

globus. @: vitellogenic oocyte; ®: mature oocyte; ©:
microvilli around ovary vesicular; @: section of
spermatocyte; ®: section of spermatozoom; ®:
mitochondria. AC, acrosome; C, chromatin; F,
flagellum; LG, lipid granule; M, mitochondrion; MV,
microvilli; N, nucleus; NE, nucleus envelope; NU,
nucleolus; SC, spermatocyte; SZ, spermatozoa; VE,

vitelline envelope; YG, yolk granule.
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Fig. 1-22. Monthly changes in average oocyte diameter of
Koreanomelania globus.
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Fig. 1-23. Relative frequency distribution of the oocyte

diameter of Koreanomelania globus.
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2 AT AMEE OE7F 3T A

ARt A FF A dFHo] ANen, daE Y2, H

< YERHD Atk diREe] AR A4 o8 A9 vERE=eolr} 27)

THAAE SN e primitive typeoZ BHy1E 1w 10 v (Franzen, 1956),
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Lo

=
N EF=golE 7iA| 1 UTHLongo and Dornfield, 1967). &
A7 &7 H 3FIME primitive type2 2 27)9] ZAME 47)9] wER
Eolrl ER e FRE By Hylander and Summers (1977)& #
Ao AATFEIF dREAE Yot dgo] gvkn 319301, Franzen (1983)
= 59T WS B "Ed gdErFE $£384 549 Az o
e G By AsiA FA AU g4 moke dlu Qe Roz
FHED FAe ARE @ 49 FA vALBT 9% Fw ogisTe 7}
As AEHY] 9272 E Yeloh derFe AE F27) 71 gnoo
2 3 m AFol gz, HAE 15~16 m 71 34E 2o F Kim and
Yoo (2000)7} E.318F A3, Corbicula leanad) A =}o} n)2=3h TFZ{)
3% UE7IRY ¥E 3B &7 17924120 um, ZATHE 7] 229.8+88.8
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o] 7H4 &AL Aoz Yyt A 9 tErle dF 2EF dEAEE

ew, gerlgt RAGE7|dAM 7Hg d&iga
600 yme} FEAE NE7t 74zt 249 -89, 5€-10€0] ¥A Rolu,
71l A= 300~400 mm 22718 FRAEF 293 79 A YEIGO 2R, A

Fo} gerle 9% 239 8 WAF/E 2E Rz Bud

*

o ANME ¥4& 747 349, 2¢ o 3¥el AFAHE RS 4 = U o]

T Oe7isk AgErdas westr] AR GRAErL Ad&sted widA
of #Zte] wnlE Fal 0] FAY o] o|FojAE Aoz HelTh

Nakano and Nishiwaki (1989)= Th&7] A3 7| dof 3+ sy 22 &% A
S T3 ¥H A d(spermatophore bursa)o] EA I R uEP o}
Zistel wmAj7le] B BanE Ztolhy] 5T B dAFdMe 235 4
el s a7t XATEY] #39 wv AVE Aopstged, teEre
7, 84, 1€ A&7l 697 12¥€0] wvldle Aoz yUehd, w7
Al G wi@rIs viRVHAE A5 23] dojue HAog AyzHE

B3 Ao GEusteA t&Erls 2~449, 6, 78 HT A7 7
asta, NE7A] G857 S48ttt XA tE7|s 3~59, 7, 84, 9, 104
o FAE Faste t&riske Aozt U[UAT, Hi FAFIE BS99
Hlal 7he A B 3o 2 JeEth o#d Age AF F£20] 102~
237CE2AN & L@ AAste td&Erle FAF7 B8 3
&8ta, 7he- Aol F7HgthE Koike et al. (1992)e] A7} wlsg A3}
=3

gs7igh ATETIe AF 2edd 24 F9 S Besta Aok
GE7ldM FAS weEdAd me PRI ASE Z3, trochophore,
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< 99S AL RE LolA #FEE 4+ Utk 9¥€of juvenileo] A
ol Ho g Hol, R MAZE B AF E4H2 TR 34L7)4)

+ juvenile o] TAY B{se= AoZ AZHY a3y EZATET|dAME

A= 497 o] S-S BHIG = QY rochophore_cl] s o&E7leh XA
Os7l 5 FolA BF 5¥€d dF 7P =& @S UeWon, ofF 7HasE)

o 9ge] Al Frtehs BEFS AT olA2 ¥ £ Asd A A
T Aol dojuM wulE Fal S0l FA} S B FA n&
gog2 HWA trochophored) HIE7} F7igh Ao g AZdA. B 2 45
7 A AAAE 5ol dojdthe 21L& Koike et al. (1992)¢] B udM &
AFE vk Uk ol ®8YBoz HUZ trochophore= WATGAZ A
pre-veliger f+4o] ==l 583 9Y o]Fo) th&Er|eh FATEY] HEGY
pre-veliger f-48¢] W1x7} Folzl AL o] B8 Fer] w3 trochophoreo]
gt Aoz AZAt gd&r|dAM= 6€ B3] 10, 1Yl pre-veligere] W%
b =4 dEisted, oA FL 7] Bue 2 AEld 4o o
v Y9AE BAste d dEle Alte] &Ade S & & AU 2y *
A&7 s 693 1099 pre-veligerd] WErt §ASHA veldth ol
A2A] A Aol wjEel Aoew MZHErE Nakano (1990)& & 25Tl A

e dTHoZ wMFT AF, FHAA veliger FA7FA] 172¢U0] AAn

B33 v Qo) w2l o Fo a5 s fA4e 2ol wzA QA= T,
frAo]l Heddlo] AAH e VIE ALRGE S Aoy F=2dHAch
g&71et ZATGE7IAA A5HAE veliger A9 348 dgdS B3I

ARNEH, ol n5e7le] therl A4S B4 SE7 MED GiAYEH 2
7] gt B8do R A% fUHl meh FARAE Meel Holrh 99
d droz 4zEd osrish 2ATes] T oFdA 4 A WA

juvenile®] HlT = 199 7F4 =41, 597X AL 7HAsE ATE HIPo



o, o]F 6, 7€) 1 WEr}t tha FobH oy, 8YFH FAsAY WEkM &
o} trochophore®] A3} 374 HAWdxo] A%sl AW juveniled] FA4to] 3~5
Bof] o]Fo]R a1, trochophores] WE7} 71 & 5¥7bA th9 juvenile
o] Z2te] He Ao g AztEY, 596 HAPE trochophorew o] F YA
2 A 9, 108 R E FAS EF2ste A2 #dddEth Nakano and
lzawa (1996)= d& vl @(=FlF)ol AAete t&7le] B9 A4S 2A
3 A3, 89T Rl BAE FAo] FAMHE ALS AW H
3 4~6o AA FAsted, AL B FAS AGste 7133l 874
o] AYUctx Gt B AFolM 9] 2HAZ trochophore Ao th&7]+=
t}S &) 3590, XATEV|E 4, 580 FE EAHE AR JERY, dE
oo A(=ZHR) ol A ee &y Bo B fA4S AAste 7Igte]l o
A %S ZAoF v HTh

o9 t&vl, XATHEY] B AFUdutETI dAFES} AR B

2, 28l fA 249 €8s uFs B o, g&EVFE AR
i
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1L.A £
dwmoz wFel AdpLe FRAN o) AL wolE $AA
AARAZA, F88 45T ofrlary Ao W) £ARe IAA

o7 A7) 9% A7 AEHY Jot olgd 2R e W-9Hd 8
ol 9la] Aol HE Ao E Bix tHGiese and Kanatani, 1987).
AEel WHezE 2EAE, EAD, WANDT 5o 2R AT
(Galtsoff, 1938; Loosanoff and Davis, 1963)3 H.O, NH.OH, KCl, BaCl, &
o] #&A RF(Iwata, 1971a; Kikuchi and Uki, 1974; Gibbons and
Castagona, 1984; Crawford, 1986) 2 A1ZH W, dael A dAgs T
o] METH AF(Iwata, 1971b)°] low, ol = e WIPsty o|&d
9 A% FRAMPEOE <

rz.
).
z
:x:‘;
B o
g

FHA oluiF Fol M= A
#(Uki and Kikuchi, 1974; Matsutani and Nomura, 1982, 1986; Tanaka and
Murakoshi; 1985)9] i3t 7F 1o, fEveta = 7tEui(Kang et al,
1996) 2 =78 Z7(Lee et al, 1997)9] Q1F FHALSY Wyoz Adtfd
of 3t Ayt EdatA JAHL AT

g&rlFe AdF Hug 98 33 A ode B77F EUAT
2 AHga dthKwon, 1990). o] 2ol E{F7} 2FHT offe FF
Aol BEd A9 Aol 5 MABAC wet sjzte) 27, B, A2 FollA
22 UdAdS YeER Y] mEolth(Davis, 1969). &7l o9y SRl

2 serotonin®l] 2]3F 7}z)H]

=
Py
o

15

¥ & % (Paragonimus westermanz) 2 ket FF(Metagonimus yokogawai)
AZ 5724 Belstn o, wgnole] Hol2M, 1a)w Tl A
2 48 2 okgay vt AAFH SdHolA #E83% E5 nF Aol BlF
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B om, o] £9 2 2 JYAFAL £33 Y A7V . 7ET:

T} 7| E(genus Semisulcospira)7t E4Fshe X o] 429k o]E A9 AU A}
4o] 3 Nagai et al. (1979), Nakano (1990), Takami (1995) & d5%= R
2HI3 gon, B3 d&r|d FATGETE dHAFoR dF BESFel T

f4S ®S3 o (Koike et al, 1992; Nakano and Izawa, 1996), o124 &
o] o3 Ho| ZHANA A&Z Q0 F4bo] 7b53lth(Nagai et al., 1979).
2 Apdae deAEd d&r9 ZATGEE g dollA i
AF7) 2AEARE BEUE, o8 kA B 33ty 9 AEEHA A5 W
Ao e g&rFo ARH FARE WHE dotdtd, g&7Fe AT
g A 3 712 A5 2 ATtz 4T



=

Age AMEE &I FATGETIE 2471 9¥

Al WEA A, BEE BAT BT ddield AP 2

B Z_*H% Table. H-lPJr 2o AFE BEide d74dE &4 20T 4
)l

Table II-1. Number and size of Semisulcospira libertina libertina and

Semisulcospra gottschei used for the experiment of paturition

induction
Shell Shell Total
Species Sex Number height diameter weight
(mm) (mm) (2)
Semisulcospira
libertina Female 265 19.3+3.1 8.310.8 1.0+0.3
libertina
Semisulcospira
Female 281 30.0+2.4 12.7415 2.4+0.8

gottschei

T 253 Fo 108, 308, 607, 084 =27 ¥ ztzh 1ol 250 mL
o] F3870d &t on, FLATAM e 20T F&H0] Jd g&7]9
FATE7] Zbzt 200kl S 250 mLe) E4H8-710] 19kl W 3T, 6T, 9T
12

2.2.2. NH,OHS$} HO, &=
NH.OH¢} H0, &7} AFelld e v&719 XAt&E7] 22k 20018 E 250
mLe} &2+47)0] Ztzt 1vleg]® 4833, NHOHE 2x10°, 4x10°, 6x10° 2
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8x10° N2 H,O,= 0.25x107, 0.5x107 1x107 2 2x107 N-& H7PAH o

2.2.3. Serotonin} acetylcholine Z}=

250 mLe| Z4H&7)0) thevlsh RATEE 247 1l S Estn A
A=E el serotonin (5-hydroxytryptamine, CisHioNsO»-H.SOs, 5-HT, Sigma,
USA)S 10%, 10°, 10* 2 10% M#, acetylcholine chloride (C/HiINO;, Acros,
Belgium)= 1072, 10°, 10° 2 10° MZ A3t A3 3Q ot

2.31. Z20A] Az 9 EARA] vl-&
747te] 224 % AF et ASFFE SANAIA A 9 AR AIZE

P QM) $2H FWAA NES 2AEA

e
(.
olo

49 AR e ARG &G & FEE

o of.
=2
23
i
*
o

o g
o
-4
M
flo
Z
&,
5
Q
2
R
o
;_i
tlo
)
.0
lo ¢
e
o}'}j,
®
o
e
rr o

Juvenile E4hg = —— : ) —_x100
ZAF juvenile 4~ + Z+E juvenile

2445 A=) wE& 2E A8 v Computer Program Statistix 3.1
(Analytical Software, St. Paul, Min. USA)2 ®AHEA1S AAste] HAa /9
A 55 HgsAH

_46__



3. 4 3
3.1. th&7)
3.1.1. SARAl AIZE L ESANA v
o 712 E4AE AFe wE g&rle SA A 2 E44 A vl
& Table -2.8} oh A}ZFLQ20T)ET 3, 6, 9, 12T A5A7] Zg AY

TFAM Fqte] fFEEJeH, @AY EFEL 9T A AFFOA

&)
714%E 7P wA UEEY. SARAAAA L 28 A 12T FEARE
o 208 o2 7P @Rk tevle §71 =%, H0; 3 NHOH 3H7b A=)

e §H3etA] Fdth Serotonin H7F AFoMe MAFHOZ A4S
wkon], E4hge 10° MolA 125%2 7P Fou 2zl 107 MR
gz 71 Aoz Jepgth 18y acetylcholine H7F Ao AE 107 Moj A
66% 2 A Fahgol 7HE EA vehgen, 107 2 10° MaXME &3}
A ookt

3.1.2. &4 FA4

Z, NH/OH 2 H;0, AZo] s As E4ks5)1%
o
=

=
o 20vieiE Be FAS Fstded, &

o] ¥2FE 24 FAFTE BolXE AFE Rt Serotoning 107 M 7}
39S wWE 6vle]l 28401, acerylcholine2 10° M #7138l o 621}
P s

3

AE AFE A By fFASFE AFstd T fFAEFES A

s Ax, ZAzbel A5 el dis] 28 12T ZFAIAE W 32:22%% 7}

A =gkt} Serotoning 10 M H7}A), acetylcholine-& 10° M H7}A) z+z}

3.940.7%, 24.4:05%2] §AEAEL BPoH, o|F acetylcholined 10° M
A

A7 FostA 713 B 4488 Yl thFig. 1-2).



Table. [-2. Effect of various stimuli on the parturition of Semisulcospira

libertina libertina

) Parturition Required time
Parturition
Stimulus Condition rate to parturition
number
(%) (min.)
3C 4/14 28.6 40
6C 6/10 60 32
Temperature
9T 10/14 714 18
12T 4/10 40 15
10 min. 0/12 - -
) 30 min. 0/10 - -
Air exposure _
60 min. 0/13 - -
90 min. 0/8 - -
2x10° N 0/8 - -
4x10° N 0/12 - .
NH.OH \
6x107 N 0/8 - -
8x10° N 0/7 - -
0.25x10° N 0/10 - _
05x10° N 0/12 - B}
HzOz 3
1x10° N 0/8 - -
2x10° N 0/11 - .
10° M 1/10 10 65
10° M 1/8 12,5 60
Serotonin
10" M 1/16 6.3 30
10° M 1/12 83 125
107 M 0/12 - B}
10° M 8/12 66.7 10
Acetylcholine
10° M 1/12 8.3 60
10° M 0/16 - -

‘Number of the parturient female/total number of the treated female
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T1 T2 T3 T4 S1 S2 S3 S4 A1 A2 A3 A4
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Fig. II-1. Number of newly parturient embryos to various
stimuli on Semisulcospira libertina libertina. T1, 3T
increasing; T2, 6T increasing; T3, 9T increasing;
T4, 12T increasing; S1, serotonin 1072 M; S2,
serotonin 107 M; S3, serotonin 10° M; S4, serotonin
10° M; A1, acetylcholine 10° M; A2, acetylcholine
10° M; A3, acetylcholine 10° M; A4, acetylcholine
10" M.



30

PARTURITION RATE (%)

T

Fig. II-2.

T2 T3 T4 S1 S2 S3 S4 A1 A2 A3 A
STIMULANT

Parturition rate of total embryos to parturition
induction on Semisulcospira libertina libertina. T1, 3T
increasing; T2, 6C increasing; T3, 9T increasing;
T4, 12T increasing; S1, serotonin 102 M; S2,
serotonin 10 M; S3, serotonin 10 M; 54,
serotonin 10° M; A1, acetylcholine 10° M; A2,
acetylcholine 10° M; A3, acetylcholine 107 M; A4,
acetylcholine 10" M.
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W juvenile?] 49} Z4HE juveniled| F& A48t ZA}SE juvenile
A

s
& F fAENEY AR wLdAd AN gerle 12T
o

go] 71 =9d 10° M F7 Ao 575453%F juvenile ZAHEE ¥ o
Z vt gt g&719 juvenile 24H&2 AW LEE A ! acetylcholine
< 10° M 27H9S o 7Y 2 ARe AAH(Fig. 1-3).
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PARTURITION RATE (%)

T1 T2 T3 T4 S1 S2 S3 S84 A1 A2 A3 A4
STIMULANT

Fig. II1-3. Parturition rate of juvenile to parturition induction
on Semisulcospira libertina libertina. T1, 3'C increasing;
T2, 6T increasing; T3, 9T increasing; T4, 12T
increasing; S1, serotonin 10% M; S2, serotonin 10
M; S3, serotonin 10 M; S4, serotonin 10°® M; Al,
acetylcholine 10° M; A2, acetylcholine 10° M; A3,
acetylcholine 10° M; A4, acetylcholine 10 M.
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32, ZA &)
321. A0 A] A7 2 E40A] BE

A&7l d&7)9)

* g 37 =& daEide 43He 2480] 108
wEA] 50%9 .00, 308, 605, 90F =24 100%% JErgch A QAIZHS 10
B xZA 18EdA 0E A 10802 =&t AFSE LQ Az &
At AFEFLR0T)RT 28 AFAZ BE AP T Fibo] FEHA
on, 3T A5 AL AYT ZE AFFAA 100% EA3tAS S

A2 o] g A
el th Serotonin F7F A=A th

o
71 gAY Z2Ago] e Hid EAtiEE 10* MolA 100%E HP O

e Aoz Yelyth Acetylcholine
A7 AFe] dslAE 107 MolA h3le] &abgo] 100%5 yebllon, &4t
MAAZEA] A2Q A2 10808 714 #kth(Table -3).

o disted t&vle E4HeA @sted, XATETIE 608 kF

C AsAld 98utzg2 714
e AL E2tetdod, NHOHS, HOx0l oA e th&7]9h w7 bA2
XA GE7 MR S44E FA°] Atk AZAHALE-AQ serotonin 7t 2b=
dA thE7lE 107 MolA 6vtg] Eatsidod, EATE e 2L s
4viEl2 71 Be fAS e, Fxd wWE /oAU JIFHHJG
(P>0.05). =3 acetylcholine H7} AFel|A] ZAtiE7]E 107 Mo A 78v}e)
£ 3t thFig. 11-4).

333 f4 &
2 B TS AFstd F fFAENES 24
g A ZAGLEIE FLL 9T FSAAL 0 120464%2 74 A Ve

dh 7] =% A3 A EATEIE 24 857 P BUE R



Table. [-3. Effect of various stimuli on the parturition of Semisulcospira

gottschei
N Parturition’ Required time
Parturition
Stimulus Condition rate to parturition
number )
(%) (min.)
3C 8/10 80 25
6C 12/12 100 21
Temperature 9°C 8/8 100 17
12°C 6/10 60 11
10 min. 6/12 50 18
30 min. 10/10 100 16
Air exposure )
60 min. 12/12 100 12
90 min. 16/16 100 10
2x10° N 0/15 - -
4x10° N 0/12 - B}
NH,OH
6x10° N 0/12 - B}
8x10° N 0/10 - i
0.25x10° N 0/10 - -
0.5x10° N 0/11 - N
HZO?_ 3
1x10° N 0/7 - -
2x10° N 0/12 - -
10° M 8/16 50 20
10° M 8/8 50 16
Serotonin
10* M 8/16 100 10
10 M 4/12 33 6
10" M 14/14 100 10
10° M 8/12 67 20
Acetylcholine .
10° M 8/12 67 32
10° M 6/12 50 34

‘Number of the parturient female/total number of the treated female
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Fig. II-4. Number of newly parturient embryos to various

stimuli on Semisulcospira gottschei. E1, 10 min. air
exposure; E2, 30 min. air exposure; E3, 60 min. air
exposure; E4, 90 min. air exposure; T1, 3T
increasing; T2, 6T increasing; T3, 9T increasing;
T4, 12T increasing; Sl, serotonin 10° M; S2,
serotonin 10* M; S3, serotonin 10°¢ M; S4, serotonin
10° M; Al, acetylcholine 10° M; A2, acetylcholine
10° M; A3, acetylcholine 10° M; A4, acetylcholine
10" M.



25

20 |

15

PARTURITION RATE (%)
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Fig. II-5.

Parturition rate of total embryos to parturition
induction on Semisulcospira gottschei. E1, 10 min. air
exposure; E2, 30 min. air exposure; E3, 60 min. air
exposure; E4, 90 min. air exposure; T1, 3T
increasing; T2, 6T increasing; T3, 9T increasing;
T4, 12T increasing; S1, serotonin 10° M; S2,
serotonin 10" M; S3, serotonin 10° M; sS4,
serotonin 10° M; Al, acetylcholine 10° M; A2,
acetylcholine 10° M; A3, acetylcholine 10° M; A4,
acetylcholine 10™ M.




2wz Ao 53:03%2 7+ A dehgted, §9F Aele vEA &3k
T (P>0.05). FATGE7)E serotoning 10° M F7HH S o 23:03%9] & F4
208S UEMOM, acetylcholine #7b AFel dhaidE 107 MelA
97:14%2 7+ =A el thFig. O-5).

FAGEYE w&rle wmEviAdz H&EW juveniled] 9 E4td
juvenile®] #& #%3te] ZALE juvenile &L F FASIES oF
Hl=glath eI BATE7IE 9CAM 563:37%Z HEbF o 2A
A juvenile®] 50% o}’Fo] F&& 9T FFAHLEA ZAto] 7bed Ao

o

2 Uehgch 2A <719 juvenile E4HES 10

o o
3

Y

ZEA 474+38% =2
A dehgen, & fAENE0 M ¥ of 48.7+10.6% &
oF 50%9] juvenileo] Z4t= Ut} 102 = Z A9 juvenile EAH&0] Y A
o g2 AHe Hl8l % juveniled F7 A WEL o= Az
Serotonin @ acetylcholine 7} A=A E F LAZAEo] M wUuY X
A juvenile SET FLS o= Ve, serotonin 107 Moj| A
830.1% 2, acetylcholine 107 Mel|A 61.7+11.2%%2 ettt oldef AA=
HE juvenile £4F& 2 acetychonline 10" Mol A 718 A JebstoiFig. O
6).

b

7]

AL

kil

32
(o))
N

0% =3
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PARTURITION RATE (%)
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Fig. 11-6. Parturition rate of juvenile to parturition induction

on Semisulcospira gottschei. E1, 10 min. air exposure;
E2, 30 min. air exposure; E3, 60 min. air exposure;
E4, 90 min. air exposure; T1, 3T increasing; T2, 6T
increasing; T3, 9T increasing; T4, 127 increasing;
S1, serotonin 10 M; S2, serotonin 107 M; S3,
serotonin 107 M; S4, serotonin 10°® M; Al,
acetylcholine 10° M; A2, acetylcholine 10° M; A3,
acetylcholine 10° M; A4, acetylcholine 10" M.




Ngo gy mE Feads B e wEAS o) s

2 Eaik
£7] AL A5 BT 9C AL o 714%E THE & FMES
9

@
ox
of¥
o H O

golale e @tTHP>0.05). FAThETdAE
©, 9T, 12C AEAAS W 5 100%8] 482 Uehien, 9T 254

ol 44 B SAS SAHAT EF SWRAAAAL 28AE F F
e

= AF oA 100% FAY 222 HPon, FANAALLE =EAR
a2 waxE A02 etk £ 0% =FA e8vtele] fA4E 4
o 7% =& §#E Jehdch NHOHO| o3 Aae pH ol 9sto]
faHE Aoz 48y dev(Sagara, 1958) p=gke 8x10°~3x107 N¢
2=ol A, WMo 1x102~5x107 Nel| A WAoo o] Folx HF F5ol
upa} wrgAge doviE NHOHS Fxol polzh sle Ao HiHi
910 LH(Choi, 1975), th&7]st FATL71E NHOH wh-&atA] eakth. =i
BEgol MEe AL Zud AAzA HFEES ETAFoZA PR A
5By (Kikuchi and Uki, 1974), o]l A dzAb sisef A= H.O,1}
O; #7te] 79 vtz B8 whgoz AAHE oxydant7h d#ES
gursl= gdo] Agsty wkge Ewgogn dehdon dHA U
(Kikuchi and Uki, 1974). T&719 ZATE7Y HO0l e 24 FF&
ZAbs) Bgtoy, ¥ £ ®E NHOHO AN shztAz &g 34 @skoh
Serotonind]] & Th&7]e] SAHEL 10° MellAM 125%E JEp AR &

N
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AR ATA 60R ool Aztel 2gEH, I FAE FAFE WP Hol
zoxaRg adrt w3ttt A&7 A E serotonin 107 Mo 100%9]
2928 ngon, SANAAAAY £8AE tdEring &Yk 2
24 G457 AolA serotoning THEZIFY EFiFEAE ARIHAA F&

2 WaEC. Acetylcholine H7F AFolA th&7lE 107 MelA 66.7%<]
2828 ngon, ZAMAAARY 28ATE W0RESE F2ASHUE
go Azhfel Zate]l dolyth EF FA FAF JoANE FEAFZ
B Btk ZATGE7IME acetylcholine 107 Mol A 100%
o 2288 UEWow, ZARAARAAY 2aAE 108, FF FATE
78olgle b £ ERE YAtk ot AERH HElE

9

Mo vz FA7iste Zo] 73 & A= A

i
>,
i,
Jo
o
&

acetylcholine-g& 10°
woln, TATE NME F&& 9T A5A7| A, acetylcholineg 107 M
A7 sle Aol 2L EnE vgdth Iy ZAFAA AR wA=
oo ogkd] B A A 7177 BFE #EHAA i e (Hirai et al,
1988), FeAr=e o] Alg ¢ Az wet fEo] oA dEd
AYA Qe AP we] Fx Fae Aoz AFHD Qi RAGSIIE
T3 RS2 fEHNE e 2482 HPon, dwHoR it HiFe
gloj A o]Ao] muo] AHEQte] WS Fozn Atde] fiEvii HilH

—

1980t} ©o]Z serotonino] 7tEBIE WIEH ZAFe A@7]Tel FLI
oghe stk Abao] wHE A Qlon, Fijul Aol AHdEet daiid
oA serotonini AAXY EBA9 ZEA7 FHAHUH(Matsutani  and
Nomura, 1982). Osada et al. (1992)& serotonin®] &f% 7]l sy
serotonin®] YE M ¥ EWd| ZA3}E serotonin FE718 AFFOZH A+

o] Yojutttm ®md wu} Uk Spisula solidissima M= 20 uM o] A<



. dopamine©]t} acetylcholine & th& A7 W< =42 we Sk F
He Qo= BaEm Qrh(Hirai et al, 1988). Matsutani and Nomura (1987)
= PGrb @vbElvlel Yazzto 2Ry 99 WEE fEdta, ol Zhg-&
PG W34 AsiAQ) aspiring] FUo2 JAHI PG Eol ojs) FXE0hal

Ir

FA &7t &7l v 7
Z B % gerotonin A7} AFHRUE
acetylcholine 7} z4=ol st e &4t o2 nygrcth gy g&7)s
At} 7] acetylcholined & 2172379 Edo] AHAHI] E4s o urs}

242 289 & U o dddn

o
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i
B
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m. & ¢}

&3 3%, Y& 7)(Semisulcospira  libertina  liberting), XA TH&7]
(Semisulcospria gottschei) R BTG ThH& 7] (Koreanomelania globus)ol] th g H 2 A

2oHQ 71 2ARE QA VYT FAFE Rato] 2AA

1. WA 57

EFA7] 34109, 4A7] 4, 5¥¢-1149, A=71 6,

79129, W) 8919, FA47] 98282, FAANE £AZA7] 3910
7
3

gerjing ZAGs77F 1UdstA whgstden], HO0, ¥ NHOH 7t A5



o gEldE T 2 2% 9gslx 4ttt gEvle XATETIE FAs,
serotonin, acetylcholined] di3te 2% ukgdlg o, 7] =& #A=dl dis

= A Esge] WAt BE7)E acetylcholined 107 M H7t&
m 62nlElE b B 4L Easiden, §4 FUEE w4 UEREH
ZATGEIE F28 9T ASAAL W %8rigE M Be FAE F44sA
o1, acetylcholine 10> M #7}gl & o 780}e] Z4bst At

A#RA o2, th&7|9 EATEY AF EHAA = acetylcholine®) &3}
7 FL& AR YEEH.
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