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The Physio-ecological Characteristics of Golden Apple Snails
(Pomacea canaliculata) and the Cause of Their Massive Death used
for Weed Control in Wet Rice Paddies

Lee, Sang-Beom - Lee, Sang-Min - Ko, Byong-Gu - Lee, Cho-Rong - Kim, Jin-Ho

The golden apple snail (GAS, Pomacea canaliculata) is an invasive freshwater
snail. The GAS was introduced in Korea without prior studies on the possibility of
crop damage or its impact on the natural ecosystem. The freshwater apple snails
can be found typically in ponds, rice paddies, irrigation canals, roadside ditches or
slower portions of streams. In this study, we were carried out to investigate the
assessment of physiological and ecological characteristics, environmental charac-
teristics inhabited area in winter season and cause of massive death at one time of
golden apple snails used for weed control in wet rice paddies. The GAS was
introduced from Japan to Korea for commercial production as a dietary protein
supplement. The golden apple snail was also used a recently for weed control in
wet rice cultivation. The species of freshwater Pomacea snails is belonging to the
genus Pomacea, family ampulariidae, order mesogastropoda, subclass pulmonata,
class gastropoda, phylum mollusca. The GAS spread into irrigation ditches and
natural waterways. It is now distributed in ponds and canals near rice fields of
southern parts of the country and has overwintered. It increases its cold hardiness
before winter. However, the physiological mechanism of cold hardiness in molluscs
is poorly understood, especially in freshwater molluscs. Our results on physio-
ecological characteristics of the Pomacea apple snail showed that the ratio of
males to females was 1: 1.99~2.33. The daily growth was 87.7 mg in weight, 0.31
mm in height and 0.33 mm in width of the their shell. On the other hand, the
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golden apple snails were very high to resistance on drying condition and survived

rate about 80% up to 3 months. The inhabitation of GAS was no statistical

significant impacts on the water quality. An important property of aqueous

solutions is agricultural water quality because it affects chemical and biochemical

properties such as chemical reactions, equilibrium conditions, and Dbiological

toxicity. The death rate of weed control apple snails by Ostracoda (Stenocypris

hislopi) was only 2.86% and 5.71% depending on the density. Therefore, GAS was

not a direct death caused by Ostracoda (Stenocypris hislopi).
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497 ©](Golden apple snail)= EFE=A(Soil animal) AA|FET(Mollusca) H57%+
(Gastropoda) -3 ©}7(Pulmonata) % 5-<5(Mesogastropoda) Ampulariidae (Z-2 Pilidae)}l
&3k, A MAC] 7~105(&, genera) 1204 F2] EZFo] 2 AUAYS FAOZ A2

3kl Q1THBerthold, 1991; Joshi and Sebastian. 2006). F-$-Hol= Z=g3n], A EA %, v

al., 2017).

Common name (¥RF4H) : Golden apple snail (%% °])
Kingdom (A, &) : Soil animal (E¥&EA)

Phylum (&, ) : Mollusca (A F5EF)

Class (%, ##) : Gastropoda (BZ7)

Subclass (©F7, ERfff) : Pulmonata (-3 °F7)

Order (&, B) : Mesogastropoda (F555)

Family (&}, #}) : Ampulariidae (sometimes Pilidae)
Genus (55, /&) : 7~10 Genera

Species (&, #&) : ca. 120 Species
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Fig. 1. Classification of golden apple snail.

H Y- ol(Pomacea canaliculata)y= ‘Fo]2] ofvntE7 F
A2 W 7] 5ol Ma)3kE B A ZUjo AL gt EH
QATHLee et al., 2000). Lee 5(2002)¢] ®.io] o]} )

FHA| ol Asolene<s, Felipponea<s, Marisa%s, Pomacea<s°], o}Ze]7ytFol Afropomus

Lanistes<s, Saulea2:°), o} 8718} o}Alolt) ol Piladso]l F2 E3E3}1 UthHJoshi et
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dol At @A = JF2WAE st FdE F-Holso] WNFEE T3t
2 o]FHo] Eo] a1¢ 9,1»5— =i RO AAsta o, ZEol FE
U S zHoA FeFolo A - st 54 A3k A8 Aol HEFe A
Eloll A Eelgiol 94611*301 A7 3 Ak Rl A= =
Froll o3 2L Fol FAF Zolghs e o ol A
sto] HslEo] off A7) ol HoAUA T EF =

© 545 7 7] W&ol HEY 7hesAd2 S fITh(Lee et al, 2002).

d

Fe-Fols 2T AT WE F(species)E°] F-EolA 7tete Ted .4—5]]04 =
HAHE = JAT A vA= A Brhe A7Ikte] FA7|te] aFH o R B
o2 AAAEAN Y AEAE S FAAFAY FAHS= HA Y THSanico et al., 2002). E3
= S 2o A TR = AFAAE0] HESHA| A& AEjolA SR EA T Jhs
d T ZTEZHOE JABE =k A viEAskA] & v, | AFollA F9-F ol
E AEARCE Z o] &3t H ¢ o] oA sF7IT & EX7F ofyg} 318 A
2 71x7F = AL O Z olaE =& A& Aotk (Bombeo-Tuburan et al., 1995). <& A=
FTEY NEE =Yolv S €3] AeiAlol IdAH o E FHFH o] HEHAE WSt 7

3, wTAZ Aoz AZFELA 9K Turner, 2010), & AZH QefEe M2 SHUERA A
3lo] Y5 o] FE FHZ ZAE B HJATKGilioli et al., 2017). WA A e Al
of thet 9l =UFTEL AAH FFH S T d=3r] Bos Yeldy HeAd
IS TES| 1T TFAHR] AET} o] Fojx ok & Ho|T.

A 50 J8 W AujodlA = F2AA floixes ¢ 2 BERE F8% 9EE &
Faf o <

9 9alol7h A4E F 239 ool WA @go] BYHUA AAH 27}
Mg} G = gERA) ofelgol BolAn Uk 9ol AWAA BAYHT g
o g WS AW s ABS0] WAstel nhx) olF AESe] $990)E
A0l Arlol PRIAE Yoslt AoR BrhEL olsisha gtk
wetd o= AR AZe BREA ASHAA BYHE ThR
sha, LHhe A YelAE FePolel tie Ael-Au A SHol B
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2 FZ=x = 4
o] HAa3F HEE 45x30x20 cm9] =
[e)

215 mm e =37
E‘ri‘i/! £-7]0l 2u}g]

A %—?1 /é‘é;‘% g/\]—s}g{q, Hol= AlFol AjEe AARE FFshA &3, =39 FE F
NA AeheE Fx= Hol| Al gt AEAE FH3IHA A 2593 A FEHE =
Aatack. A FS HMOi@fﬂﬁi(CDQOCPX, Mitutoyo Corp)E AH8-3te] Ztaie} 2V A&

233195, TAE A AAAL(CAS RE200)S AHE3te] Batgict
) 2ARE AFAYY PR, BEF, A, AFAGe] FR2e] s s
31218 7191 25 mm o)) A A (Lee et al, 2002)S Folr HANA AH G5E FES}
Ak P TEE 1AH 0T GATAR AR 9% FeE D HASY L, 2344
34 e M1 AT AYHAG. GAFAL Aol

o

=

concave©] 2, FH L convex FEIE 71AH, AA mofol Qo= LFlo] ek&Zo=Z
=
=]

I
x

Qe WHA FAL2 vpgE o " wo] UtH(PhilRice, 2001).

o 2% ofRE 129 ool ZATE Moy} ARA Z7)o] Aekso] Ry Lol
F& ALE AV F240] A3t A7tel Kol G 3¢ Dol €5A49R] sz
A 8 A% A kel A1 B AFAN A AT AAD dNEL BAR)
A GTE 2A2HA AFAZ JHA Y L5 25105C, FE 60~70%2 ZHH 2357
(Sanyo MIR 253) Woll G =& F3} 8]0l 47 53 X43tHA X #A 55 &
Faheinh

7% o)l o 7tgo] A&E Ae 9ol AE AP T Aste] HA
AZAPLE A Feo FFxA AT 28 Al Ad 3ol 139 ¢
FHolE FAAA ST EHL 713 1525 mm 279 FAE AHEEEATE AP
17F & S3t=E AT gol 228]E 9] EehaE 8]0l Xdste] Fa, 1
FHA YEARE ZARAT ZARE 1504 559 HAH o 157Hiﬂ%4
o] 25+1C 2 A H F25ZMAHE KMC-1205 SW1)2] &0 Hol A&Fo &

rﬂ

S AN AL ot
M = ne o

b F

{ oy

Rl



-9-% ol (Pomacea canaliculata)®] A2 - e sH2 EA 9 = 24| &0 2 B9 &-9-7Jolo] FctuAl 42l 301

2. Aol HAE g

o] Malo] F-o|| n|X = FFS FAEH] Ydte] TR pH, A7) =% (Electric
conductivity, EC) ¥ F-8318 E(Total dissolved solids, TDS)= ZA3tATE 4ol 2=
© T4 AFEAZAA AMRstaL e AskrE AMASA 157Y < AN F 48

B &7]o & 1.58]8 A5 Mol 7ha3t 25 mm =719 ZAE 17k, 3vke], svkely
212} B9 A717E Bk HolFFe 39U A0 F9olE AUEIINA Aol A
£ FES FHE F O NS00 Hol ol Folol % £ FFL HAx3eg
A WEE o 10 om 42 FFFHATE HYHAS A9 1 mE BASHE 707}

e ulS we Szel APRTh BEAol ¥

], 2107k B 350mke) 7} A fshs W=t .2

o= &-¢dolot Blwstr] sty suie] A FukE FAT ol A4
of W 2 HE AL 5Y Fo2 3097 pH, EC (uS/cm), TDS (mg/L)E pH/EC/
TDS/Temperature meter (Hanna HI 991300)5 At&-3te] SA3tAT 54 Ao thgk A
#]2] = Duncan’s multiple range test '"WHO.Z F2]AS AASIY 435 H2sH T

=
AL FAH o7 vo FASE AAMH dFste Fo&2 A #HES F A A
MAES B3 A N3G =olA AE HEES] = 2}
$3ted s 23 ] H(Leica DM5500B, CMS GmbH) o2 &thsle] 71 F%Z2 &Yt
3 ol T4t 239 ool FAHAL ATI=AE TS flste] A
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g Fo] M EES FANA ZHXAO}"# %%%Cﬁﬂrﬂz F71Ed ANFE2ZNM A

AAEEY. Age AFE vAYEES & 1 mlol 100mt2le} 200mtE] BER ZHE} A,
FegAgo 2 AAHA = 15 mm 371 A% A3 Kol MAE 242 350k
Attt A F 79 HASE 337 HAEE FFol FE ARSI
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Incubation period
(7-14 days)

Reproductive period
(60 days-3 years)

o

Hatchlings

Sucoslly Mol Life cycle (60 days)

adult
15-25 days
45-59 days

Fig. 2. Life cycle of golden apple snail (Pomacea canaliculata) in tropical zones.

F9eole= Mol war, 3ol 1,000~1,400712] &S EA = d o]Fo] Alzt=EE

He AEAU A 5 9 URTkA, 25, & 5 Bol AR Fv o 4ksstA "ok
(Lee et al., 2002). Atete <+ 2 Table 104 BEnke}l 2o o] 4had 2%
o= wRUII EFH 4 AZZTA A 3~4Y o] AAEH HEsAHEA A
Ao 7 Wstdn. Farlos 3 AR o R AhehoA F3i7hA] o] A7z ATt
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Table 1. Changes in color and hardness of the golden apple snail (Pomacea canaliculata)
eggs from spawning to hatching

Egg mass Immediately after laid eggs | After 3-4 days laid eggs Hatching period
Color Milky light pink Light pinkish-red Light dark purple
Hardness Soft Hard Hard
2) 12 MEY
HEPAGOR AGFHE 15 mm N9 28 FFol7h Wo] hsd FF 272 A
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Aot B 19 AZFS AT JJr% Table 29} 2Tk @-¢-o)|7F 1l Aok BAY
] of we} xfol7t o] EEHAT 20.6 mgo] AT 2
Lﬂ 0.31 mm, Zt7°] 033 mm?® A &3l
4-9-T ol(Pomacea paludosa)®] A7 ol ol me} Zpo|7} Qlom, A2 dxele] #y
sto] A 2ol ALEo|A tha gabo] maA Y HEHons AFES 7] Dol
EAZ O R FolZQl 2to]7} glvkal R st thGarr et al., 2011). L&Y Garr 5(2011)
of2lo] 714 A W Z 100nte/miEt . FHE T glom, o] d WxoA 150 3
mm? AA35te] 370Y Foll= 25 mm V2 AFSEuy Raskyi

rlo rlr

Table 2. The individual growth of small and mid-sized golden apple snail

Size of GAS (0 DAT") Size of GAS (25 DAT) Increased
Individual ioh
No. Length Width weight Length Width weight weight
(mm) (mm) @ (mm) (mm) @ (mg/day)
1 15.09 13.78 0.9 21.57 21.26 2.7 69
2 15.22 13.14 1.0 21.98 19.89 24 54
3 15.41 12.78 09 23.11 21.56 2.9 77
4 15.52 14.44 0.8 23.12 21.99 2.8 77
5 15.54 14.02 1.1 23.57 21.38 3.0 73
6 15.86 13.84 1.1 24.16 22.79 3.9 108
7 15.94 12.69 0.9 24.36 20.72 3.4 96
8 16.03 13.44 1.0 24.53 23.20 3.9 112
9 16.81 15.01 1.1 24.56 22.67 3.6 96
10 17.45 13.41 1.2 26.30 23.34 4.2 115
Means 15.9+0.74 13.7+0.72 0.9+0.12 23.7+1.38 21.9+1.12 3.3+0.61 87.7420.6"

"DAT: day after treatment, ~~ Means + Standard deviation

F97olo] 4 Aol L%, 74 Bo| BPEA, ol B ANV BE A2
At 2o ole] 21Fe] welshy] ol I o= eole] FRo) Wt |
o 91-272mhe] i 05-1L5ukelLel A FuukeZkx) ool Fhsdtths ATARI} A

TH(Dupont-Nivet et al., 2000; Alves et al., 2006), Pomacea canaliculata= 27}2]/L ©]’42] 9%
oAM= Aol HAHZQA F&FS nXth= 237} 9 tiTanaka et al., 1999).
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H2lo] 9
o] A3 7= AHL HEO] 66.6%°]T, EFH 12¥0E= 70.0%EA HA 7)o Tha
o Aol gl ot 1:1.99-2330.% o7 o] =& nL&S

o
o] dule zlo] ot BWARE V| EH R =
1:19) Bl&S FA32 A3, Pomacea canaliculata F-2 718 et kol Adnle] xol7} gl
o AA Ao RE ¢ F53 ARE VX1 Yoty Badk Ayels Ax|skx] gkt
(Yusa and Suzuki, 2003).

T BE2Fo] ofd fFor qulo FrdFE] 351 oY 7Rt Tt A S
o Al IAH AE AL E AT ST o] Pomacea canaliculata®] ‘¥
Z1ollA B 819 - oste] AAHE = Zo] ofle}t FAAd el o3t
= A9t = Zol7t AATHYusa, 2004). U] A H g3t dF5H %
iAo At G E O o2 Gl W 2 Sl HAEE F AEE

Fo] 4ul BAE AW THHoloF & Aot}

Table 3. The sexual ratio of the golden apple snail inhabited in the overwintering area in
the natural ecosystem

Sexual rate
Region July December Female ratio (%)
Male (No.) |Female (No.)| Male (No.) |Female (No.) July December
Kangjin 36 75 19 48 67.6 71.6
Goheung 48 80 16 37 62.5 69.8
Haenam 24 56 22 52 70.0 70.2
Jeju 35 67 21 45 65.7 68.2
Means 35.8 69.5 19.5 45.5 66.6+3.2% 70.0+1.4
" Means+Standard deviation
B9 ol(Pomacea poludosa)®] 3V FH T 4behp, &9 77], H3l& Sl Fo%<l
2ol 7h Lot Ao Hlgo] Fo W AtE = G o] ok Hof A AATE o BEF

FrEole F2 Wl £ = To] vyt AEA £, 2AHE 9 2 & fdl 1719
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o] BE 500~1,200702] & 4FH3II(Lee et al., 2002), F-3H&0] 80%= WA= o] -
me B4 58 7FA 2 1 o|(Halwart, 1994; Bombeo-Tuburan et al., 1995) sl A= 483}
= F2UALoRE &I Utk Fe-Holo] & gE F AAE 2 wet Aol
7F S F Aoy AdA RS 10~14Y ool B 12.78 mg FA Y &o] F3lEo] oF
332 mg2] A7l F$-Fol7t elofubAl B th(Lee et al, 2002). ZLE U =7FSo) AbgkE o] 1]
2 H3lE 2] 233 ASES Ad GES ALV B Gt 7o) AHGHEE thAh Aol
7} A& A= Table 4014 vrERGEReE o] 100% H-3}5A] Zatdth. wekAl Pomacea

candliculata &2 ¥5-Hole ¢=2 €5HA gEves 2E2S 5T & AT

B

Table 4. The hatching rate of overwintered eggs inhabited in natural ecosystem

Region of egg collection Treated eggs (No.) Hatching eggs (No.) Hatching rate (%)
Gyeonggi Hwaseong 1,247 0 0
Jeonnam Haenam 1,758 0 0
Kyeongbuk Sangju 3,685 0 0

% Hatching period from 2017.03.28 to 04.25 (4 weeks)

25, YA T B 2Ed e AE A E AL 7P AFHE] 2 ARA
AZre AAA £49 f3e] Ha Uthe AdTFES B2 W(Boyer, 1982; Debaeke and
Aboudrare, 2004; Song et al,, 2017) - ol9] A= Aol #d AF= o] FAAA &3k
ot webs] e-sole] HAx Ao g FEFE ST sEAGAA dE3 NAE
Aoz /\]Z‘fj% AN 23} Fig. 3 2 Table 59 2T Pomacea canaliculata $3-5-73 ©]
AL A A E Fok WS Holal o Fig. 30l|4 HEukel o] iz A3
M- & Aoz eyt $9xA0N Ax 2Ed 2 sty RFEHLHA = A
EE&0] o 80%°l Dty T ol F F43] AstE o] 1550l = BEE0] 17.6%, 215
T 8.7%° Bt =3 A% FHoA SES ol FFHIAE o ALSAIA 28
HE AP 27 20E7M A E €A G BARe]l ZE AMAIE 1AZE ool HolE 3t
o} o]F3t om, A=z 7|3to] AojAH A&Fo] LQEE AlZto] ZojHTh
AZ7I1Zr 3ol 2 AT 42277 Talbe 5lA AHEH Pomacea <& 4540
2 1799 7HEo] A&HAR Fo] FuEHH BE MAVE A ow &5l 7hesta, 3
FHAE 60~64%7F A& skt 2022 AlZo]l &85 %o, 30:0°] 3t 100%7F
AR E5e stk 28y A2V F, 7ol S7HYE o] AojA| ol &
gol et A &-F Algto] oA AY A HUTE Pomacea & F-5-8ole] Ax ~EH 2~
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5 5 o o o = (3 A
of thdk A2 dFA Aol BARlel Fol4 Apol7t gldon, Aed A2rts dx
5 3 [} =51 >~

of Ate Aol A s+ HES =T & UUTh

100 300

250 &

8 7 REZ 00864
_ 5 {Damyang), -
i % 200 ® Haenam .
5 60 I ;, o5
= 03518 amyang 0,
:_: (Haenam) E 130 )
2 v -
; 40 ® Haenam 121 100 o
. 0 Damyang 3 g Re= o0k

20 (Haenam)

. 50

a 0 L L L

0 3 6 9 12 15 18 2 0 3 6 9 12 15 18 21
Weeks after treatment Weeks after treatment

Fig. 3. Drought resistance of golden apple shails under room temperature conditions.

Table 5. Required time for reactivity according to drying period of golden apple shails

Reactive rate (%)

Region Reaction time
1 week | 2 weeks | 3 weeks | 4 weeks | 6 weeks | 12 weeks
within 10 minutes 100 - - - - -
within 20 minutes - 62 60 25 11 -
within 30 minutes - 38 40 58 17 -
Haenam within 40 minutes - - - 17 14 13
within 50 minutes - - - - 29 23
within 2 hours - - - - 28 31
over 2 hours - - - - - 33
within 10 minutes 100 - - - - -
within 20 minutes - 64 63 36 7 -
within 30 minutes - 36 37 46 13 9
Damyang within 40 minutes - - - 18 28 17
within 50 minutes - - - - 28 28
within 2 hours - - - - 34 46
over 2 hours - - - - - -
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G9-Fole ot 5 HIEF VS B
o} 3MML7IA = 80% o] AEES HAH
Gao et al., 2017). 28} sidlo] v Zo|uetd 8 AT sF5Fo] 55
o7 AEo] 9ol Hx AP 8 2HHRT=

g A zANAE AR FHE FAE L Y5 dASE 5@_%?%‘
o8 AAZ 4§ <=
IAgH e d5S T3l Loy 7S AYo] A= F & 71370] o] F

b bsE Aol

=
$YoI & MRT B AREL 2UFA 54

L X0 o
m[o JH‘I

9#
rlr
ol

I
Jo
A
N

2. shgelo] A4jo] 4ol mlA L A3

H A E AL AFHA ] 10%0] o] 2 16197 haoll D3l= A o2 FHHM, & F
3 2

= 1
2 T Foplolld Wel S BM SEE 1R FRE A% 4Bl
(Biswas et al., 2017). o] A5 FFS Adsts ObFs A=Y 2EG 2 FollA F4

HOE Fxof oste] AekS 7Hd go] W=Th(Tshewang et al., 2016). ©]21g Fxo] 9 F
S 2RE AEAS AHESHA ol Al € e Wl I E F9-HolE

283 gz oty &9 F9-Fol Tl 23 oA H=o FExuE] WHS
873 A 7R ofyzt B3y 31 A F7hEE HA SEY sk s 2y
Fol A= olg FF-Fol7t @A A A= &l FEHL Aclgh= AldEe] EA
shal Ut FAlg &9-Fol7t AAEA WelM deat ddste] Z=o] Ak
T A vA= T8 22AE Fol pH, A7 AEZ(EC) B FEE=THE(TDS)S HE

e

1) pH HE

o] K FFe FIE FFo 9ty s won, U E S5 = EYY
2] pH, EC 59 B4 oste] PaF-S WH=ThHuang et al., 2017). pHE ZHE Ao 2
8= 3= oY S z7A 9 Qe

- olel «lf& A9 pHell PR Y-S Fristiad e
2 A= Table 63 2t} £2] pH W3ls 495 o] A
T7F FA T Hlste] tha dobg oup FAH o= FolH L Aol7t ATk G- ol
BEE A9 pHell A= F&Fol A9 /)t BT =FHole A 7|3ko] A=
pH7} F7F Grolx o} 9-go] 9} np A 2§21 H Q] 2folr} YTt o) ARE

£ goste] FA7IzE
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Table 6. Impact of golden apple snail Pomacea canaliculata on the water pH

Trial density pH value after golden apple snail treatment
(No. of GAS/1.5 L water) | 0 DAT 5 DAT 10 DAT 15 DAT 30 DAT
0 7.60" 7.70° 7.73* 7.67° 7.64°
1 7.74 7.42° 6.67° 6.44° 7.06"
3 7.78° 7.59° 6.77° 6.71° 7.09*
5 7.77 7.52° 6.67° 6.79° 7.07*
5 Domestic paddy snails 7.71* 7.36 7.16 7.00* 7.04*

* Significantly different at P<0.05

2) M7|M==(Electric conductivity) Hi=
ANAEEE A EddA F83 ouE 7KL oW, ECate] E2
Zel o] grolr i o] F &o] AAA Hol ZAFAYSo] A== A7t HA 5
ot FAlEFAETIT 2 2 AFAES EYH W v9E8TY dREs
7hol=2klS A A5 tHMaas & Hoffman, 1977; FAO, 1985). $-&lutol = E%kOﬂ o
EC T=7F AAHo Jou 98 T2 HEE AR A &
on, gyt SRAA7ERA H= 2 deHel ZAsHA 4?%13154 X0 82X FHET
< A& FAVIFdE ECol #3F FELS oy 9ol
3 /A& o= ﬁéﬂé}ﬂ $18te] A@3E A7} Table

Table 7. Impact of golden apple snail Pomacea canaliculata on the water EC

Trial density EC (uS/cm) after golden apple snail treatment
(No. of GAS/1.5 L water) 0 DAT 5 DAT 10 DAT 15 DAT 30 DAT
0 155% 161° 164° 167° 175°
1 153° 175° 177 176 193
3 154° 250° 298" 296" 336
5 153° 287° 342° 398° 546°
5 Domestic paddy snails 155° 209 271° 268" 263%™

* Significantly different at P<0.05
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Pomacea®: 95-7j0] A2 e Azke] Astsl sk Z7bgel wet BC ghol wobAth E
T =9yl F93o] HelF Bk kAT Azko] ARol wek F7HUTh A
J‘

of Agld Lol A= 1 mo AAste /AR dstH 70uke], 2107k B 350w}
o] 52 UEE JF2WAL R Y4ste Hi 1-2rtgok= zo|7) Qo] AAlzs a4
o mAl= Y&l v Aot

3) £2Z THHE(TDS, Total dissolved solids) HE

S 1P S TF = FEE LI (D)L &5l =0t = F=4d, 9 & ¥
o] 23 Fol&Z xgeta lon, JAE, f7]= Foll st §& 1P o] AHH= U
B Aol e Fiold o FE&E 1FE A A= TS SAAT AFA
KTable 8) F-F-Fo] HE|7|3td} W=o wret TDS FE& F718tA A, A8 5YF7E 30t

g A TolA FANOE 55 Aol & et EF =5-20] HelTolA= %
o] A 79} np7HA R Akl Zbgel me} TDS7F Z7h o A 309 Foll =
Szjo] xg ol Hlske] oF 50% Wkth oldF ANEL R9ol7t EFO] =90l
Hlste] BEAo] Ei, o] 44EA Ol Sstel Mol B el

B8 e FEE HE SR 42| ghet Aol7k YOt HE 450-2,000
ol glofoF Ao 42 ALYHE 71\41@ S Itk AASI UTHAyers and Westoot,
1994). $4F LYLL FHBAFE o] Bo] BF Holgt FH odEAR B 5
QOB TDS/} ¥Uhil SHEs} B Zlo] ofg} 232 AEL 9ste] AT FEI}
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Table 8. Impact of golden apple snail Pomacea canaliculata on the water TDS

Trial density TDS (mg/L) after golden apple snail treatment
(No. of GAS/1.5 L water) 0 DAT 5 DAT 10 DAT 15 DAT 30 DAT
0 88" 80° 82° 83° 87
1 76" 87 88° 88* 96°
3 76" 125° 149° 148° 168°
5 76" 142° 171° 199° 273°
5 Domestic paddy snails 77 104* 135 134° 138"

" Significantly different at P<0.05

3. FHZWAE flste] 44T kel ArtafA A

Balrol A FEBE AzAY 09 o] 27 o & 2lo] A v o
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Z4, th(Islam and Molla,
2001). ofAloF A|H e Fa A Fo 2 A B Aujel = A& A S AT
H, Fdo| = U GgkS n|x]7] wfol v7]ln°4°ﬂ/ﬂ% Al F<4(Antralina et al., 2015),
#71% 3 5(Ranaivoson et al., 2018)°] L} 28]} F¢Ho] T AEE o] &3] F2A=
A8l (Islam et al., 2005; Li et al., 2012) Ath

Tl = FHEWAE FE e FeHolE F&ste afFoE £y o
20089 % =7 Al Hlo|gix gito g Qlste] Aoz 9497l 912‘5} Azz thA =
ATt o9} T Eo] W IS FFY LA A ZJZ:HW]E A3te] J2g e-PolEol
Ao m gafshs @S0l 3tolA BEEHAK(Table 9). WA G2 FUH F9-5
o9 A= 2008 EiQE, A, ¥ AHY w7F XA AFoE BEEHIOH,
WA =L u)g- Azt 201750 o4 ol 5 1097 AlEg H]
oA 9ol B F 2~3Y oo thFe] AL WA st HHESte] X FYsHA
o s7te] FujHl§ FEo] F7tE A A
729 =5y F]lo] 51, Ho|
ATH

3 = ;d-zl:ﬂ—xﬂ X—l7]7].

LA W

= A3
g AaT) ddEo FASY Be dEFE F

Table 9. Massive death region of golden apple snails (GAS) used for weed control in wet

rice field
Observed year Massive death region of golden apple snails
Gangwon Yangyang
2008
Chungnam Hongseong, Taean
Gyeonggi Hwaseong, Siheung, Yangpyeong
Chungnam Buyeo, Dangjin, Hongseong, Nonsan, Taean, Yesan
2017 Chungbuk Chungju
Jeonnam Hampyeong, Goheung
Gyeongnam Gimhae
G930l 50| Fol7he Aaoli ostuA A2 BATo Held AN A2 T
& Zo] Eo3t 3o mAg Ar|e] AEEE ol A4St Ytk LA=ol Y HE X
Wb $E Sol7k T FRTHE $20] 05T FoTh AT YAl olste] ma 53
AT} doFd $eYolSo] FIRT £xI} B Bol Ze Fow mAEAUT F71e)
F5Eol FFEAES ool A B e vAT FEEESC] F9HIE 34
3 oz HHY A7k FRANU F9o] FHlol B4 B o]F FFYEEL
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Fig. 4. Ostracoda (Stenocypris hislopi) and the microscopic picture attached on the golden
apple snail.

Fig. 5. The anatomy of the water flea (Daphnia pulex) and ostracoda (Stenocypris hislopi)
attached to the golden apple snails.
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Table 10. Lethality ratio of golden apple shails according to the treatment period and
density of Ostracoda (Stenocypris Hislopr)

Trial density of Individuals of survival GAS after Ostracoda treatment Lethality ratio
Ostracoda of 21 DAT
(No./1ml) 0 DAT (6.8) | 7 DAT (6.15) | 14 DAT (6.22) | 21 DAT (6.29) (%)

Control 35 35 35 34 2.86"
100 35 35 34 33 5.71%
200 35 35 34 32 8.57%

" Significantly different at P<0.05

° Stz oA 3FY T AAdF o2 Pe-Fol7) FHAE= vlE
86%0°l E3sIATE T3 HFFol 23k Lol A= Rt Eolx TUA|=
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