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Abstract because air temperature may influence the distribution den-

1 14 , q sity of P. canaliculata, we analyzed the winter temperature
BACKGROUND: Recently, the golden apple snail, Pomacea data (http://weather.rda.go.kr).

canc(liliculatalhas bee'n u'sedfas an en\:rlo}rllmentalflg-fr}encgly CONCLUSION(S): In 2021, overwintering of P. canal-
weed-control agent in rice farming. Although effective for iculata (1-3 individuals/m?) was observed in the Goheung

this particular style of farming, P. canaliculata can be de- S o
. o . and Yeongam regions in Jeonnam. Overwintering of P. ca-
structive to other crops. The objective of this study was to . . Lo .
naliculata was observed in fewer regions in 2021 than in

1d‘ent1.fy overwmter.ln.g as well as regional and seasonal d.1s— 2020; this fact may be attributed to the lower minimum tem-
tribution characteristics of P. canaliculata. Notably, win- . . o

: < callv fatal for P liculata, H i peratures measured in 2021 (approximately 8°C lower) than
ter1s typically fatal for 2 canaliculata. However, owing to those in 2020. Our results suggest that overwintering occurs

1nc.r'eas1ng averagé global temp 'eratures, we assessed the as long as overnight temperatures are > -15°C, but can take
ability of P. canaliculata to survive through uncharacteris- - o
place if temperatures are as low as -19°C.

tically warm winters.
METHODS AND RESULTS: To examine the distribution Key words: Agricultural waterway, Organic farming,
and overwintering regions of P. canaliculata, We con- Overwintering, Riverine ecosystem, Stream

ducted a survey from April 2020 to May 2021 on environ-
mentally-friendly rice fields, agricultural waterways, and
streams in 23 cities belonging to 8 provinces. In addition,
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Distribution Characteristics and Overwintering of Golden apple snails, Pomacea canaliculata (Gastropoda:Ampullariidae)

at the Environment-friendly complex in Korea 281
Table 1. Investigation regions of overwintering on Pomacea canaliculata (2020 from 2020 to 2021)
Region GPS Coordinates Altitude Investigation period
(m) (year)
37° 57" 02” N 126° 50" 16” E 24
Paju 37° 58’ 26” N 126° 51 '11” E 24 2020
37° 58’ 25” N 126° 54’ 26" E 17
Gyeonggi Hwaseong 37° 03’ 33" N 126° 46’ 46" E 4 2020
37° 29" 21” N 127° 30" 36" E 48
Yangpyeong 37° 33’ 25" N 127° 21' 25" E 60 2020
37° 33" 28” N 127° 20" 43" E 49
38° 14’ 08" N 127° 14’ 44" E 193
Gangwon Cheolwon 38° 12 02" N 127° 16 08" E 175 2020
Hongcheon 37° 37, 47” N 127° 45, 58” E 148 2020
37° 37 35" N 127° 46 01" E 153
36° 58" 36” N 127° 50" 10" E 82
Chungju 36° 58" 30" N 127° 47 37" E 84 2020
37° 02" 25" N 127° 47 14" E 118
36° 50" 05” N 127° 52 11" E 115
Chungcheongbuk Goesan 36° 49’ 58” N 127° 52 08” E 118 2020
36° 39" 58” N 127° 52" 05" E 235
36° 41" 15" N 127° 24’ 25" E 37
Cheongju 36° 41" 09” N 127° 24’ 56" E 33 2020
36° 39" 08” N 127° 32" 56" E 311
36° 44’ 09” N 126° 55’ 59" E 45
Asan 36° 43" 54” N 126° 55’ 53" E 51 2020
36° 44’ 06” N 126° 55’ 32" E 43
36° 43" 43" N 126° 43’ 01" E 21
36° 43" 43" N 126° 43’ 01” E 21
Chungchengnam Yesan 36° 43: 46: N 126° 42: 57: E 22 2020
36° 43" 46" N 126° 42° 58" E 23
36° 42" 55” N 126° 43’ 19" E 12
36° 32" 19” N 126° 42" 02" E 41
36° 32" 19” N 126° 42’ 04” E 41
Hongseong 36° 32’ 16" N 126° 42’ 10" E 47 2020
36° 31" 57" N 126° 41’ 56" E 36
36° 07' 34" N 127° 00" 14" E 7
Iksan 36° 07" 36” N 127° 00" 14" E 6 2020, 2021
36° 06" 31" N 126° 55" 40" E 10
Jeollabuk 36° 00" 19” N 126° 51" 47" E 22
Gunsan 36° 01' 56" N 126° 49' 24" E 5 2020, 2021
35° 20" 05” N 127° 06" 13" E 106
Sunchang 35° 20' 02" N 127° 06' 13" E 105 2020, 2021
34° 47' 04" N 126° 38" 26" E 15
Yeongam 34° 47" 10" N 127° 39 07" E 8 2020, 2021
Jeollanam 4 3 247 N Do 31 3 B i
Haenam 34° 27 00" N 126° 40’ 39" E 2 2020, 2021
Goheung 34° 35" 24" N 127° 19" 47" E 4 2020, 2021
. 36° 24" 51”7 N 128° 10" 19” E 54
Sangju 36° 23' 48" N 127° 57 47" E 274 2020, 2021
. 36° 30" 39” N 128° 25" 16" E 71
Gyeongsangbuk Uiseong 36° 21’ 20" N 128° 27 41" E 49 2020, 2021
. 35° 50" 13” N 129° 06’ 42" E 71
Gyeongju 35° 55' 59" N 129° 05 50" E 170 2020, 2021
Sancheong 35° 28’ 49” N 127° 56' 03" E 370 2020, 2021
Gyeongsangnam Gimhae 35° 18" 42" N 128° 45’ 54" E 1 2020, 2021

Goseong 35° 03" 48” N 128° 12’ 08" E 57 2020, 2021
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Fig. 1. Overwintering investigated regions of Pomacea canaliculata in Korea.
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Fig. 2. Comparison for density per unit area (m?) of Pomacea canaliculata and
Cipangopludina chinensis malleata at each region in 2020.
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Table 2. Comparison for density per unit area (m”) A) Pomacea canaliculata and (B) Cipangopludina chinensis malleata

in various regions

. Species . . Species .
Regions A/B ratio Regions A/B ratio
A B A B
Kangwon Jeonbuk
Hongcheon 0.1 0.0 - Gunsan 3.3 0.0 -
Hengseong 0.0 0.0 - Sunchang 2.7 1.8 1:0.7
Cheolwon 0.0 0.0 - Iksan 1.3 115 1:8.8
Gyeonggi Chungnam
Yangpyeong 0.0 0.0 - Asan 0.0 0.0 -
Paju 0.1 0.0 - Yesan 0.0 12.7 -
Pyeongtae 0.0 0.0 - Hongseong 1.0 8.3 1:8.3
Hwaseong 0.0 0.0 - Chungbuk
Gyeonnam Goesan 0.0 0.0 -
Goseong 0.7 0.0 - Cheongju 0.0 0.0 -
Gimhae 6.9 7.3 1:1.1 Chungju 0.0 0.0 -
Sancheong 0.0 43 -
Jeonnam
Goheung 40.0 80.0 1:2.0
Yeongam 2.2 1.8 1:0.8
Haenam 12.0 89.0 1:7.4 Total average 3.1 12.2 1:3.9

& Hol gEnlgo] & 2o yehgth v adA
2002\ AAgF oA dgshal Sl AATE A
A, o) ARH 2%7F A o] vl g A
2 EEri11]. Lee 52 2990] €5490] did, &
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Fae) B3 A9, 4719 Y, BE, s, A A,
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Fig. 3. Overwintering situation of Pomacea canaliculata concerning investigated regions from 2020 to 2021.
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Table 3. Comparison for density per unit area (m?) of Pomacea canaliculata in agricultural waterways and stream on
September 2020

Pomacea canaliculata Individuals-m™
Region Agricultural waterways Streams
>5cm 3~49cm < 29cm | total >5cm 3~49cm < 29cm | total
Paju - 5 2 7 - - - -
. Hwaseong - 4 47 51 - - - -
Gyeonggi
Yangpyeong - - 5 5 - 7 - 7
Pyeongtaek - - - - - - - -
Cheolwon - - 77 77 - - - -
Gangwon
Hongcheon - - 2 2 - 1 1 2
Chungju - - 20 20 - - 1 1
Chungbuk Goesan - 3 - 3 1 8 59 68
Cheongju - 2 - 2 - 5 6 11
Asan - 2 89 91 - - - -
Chungnam Yesan 27 29 222 278 - - 7 7
Hongseong - - 19 19 - 2 17 19
Iksan - 3 - 3 - 8 - 8
Jeonbuk Gunsan - 7 30 37 - - 7 7
Sunchang - - 2 2 - 5 20 25
Yeongam - 6 44 50 5 43 23 71
Jeonnam Haenam - 12 230 242 1 12 38 51
Goheung - 2 15 17 - - 3 3
Sancheong - - 8 8 - 1 37 38
Gyeongnam Gimhae - 7 - 7 - - - -
Goseong - - 40 40 - - 2 2
Total 27 66 610 703 7 84 219 310

Table 4. Comparison for density per unit area(m®) of Pomacea canaliculata in agricultural waterways and streams on

October 2020

Pomacea canaliculata Individuals-m-2
Region Agricultural waterways Streams
>5cm 3~49cm < 29cm | total | >5ecm  3~49cm < 29cm total
Gyeonggi | Yangpyeong - - - - - - - -
Gangwon | Hongcheon - 1 10 11 1 - - 1
Chungbuk Cheongju - - - - - - - -
Chungnam Asan - 5 4 9 - - - -
Jeonbuk Gunsan 1 15 13 29 1 3 10 14
Jeonnam Jindo - - 1 - 1 3 9
Gyeongnam Goseong - 1 15 16 - 4 1 5
Total 1 22 43 65 3 10 16 29
2Pl =-ol nulge] wek=t o Ak W 7120 E Aol €3 H EE Y
ol 2884 Xahs Aow AztEr, 1089~119 g4t ArfAge] daAel 9ol =l AeE 2=l F
Al ZapdellA vhere] G--io] AblZE B QI ol 9k # ofg Zlo% yhElo] gl dio] gele AoE i
dslo] Kim = 118 2¢-do] U7 1085 dAs] % o7 12929 HALLEE 7FoR €7bs A9S Fig. 3
oA A LEe AFoRE HoH11], £ AteldE of VFERiSIT). ge-Fols el T 25 T 71
RZAE Al ol ARIZE v SRl ol R z

o] Yopasz A Lo Aeahx Fap= 99eo] At 2t
= ApEsh Aow Wt

puls

39 BEE A
$99o] 2
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AeH 7|, Havle, HA7|E A e A7h= Table
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2 A7t = AoE UERITK p<0.001). 20201 A
A 2] HiEr] 2L 2.041.7C, Ha/1L 16.9+2.6T,
A7) -10.743.1Col 2, F¢Ho|7} 45 x| ¥
7188 2.741.4C, #Har]eo] 17.041.5C, FHA7]-2o] -
9.7+23CE YER|TE 2021d ALH FAA o)M= 3
7]20] 0.1+2.1°C, H17]& 19.842.4°C, HA7]& -18.7+
34T = Yehfiglon, 9gol7t 455t A9 Har]e
& 21+0.7C, H17)& 21.3+0.1C, AL -15.0+2.3C
2 Uelth AgEe W 722 4ol AES E4F
e Algteclow st 19]. 453 Lol Hslo
25 ez AES F 9l 7S Oya 52 45-90]
o] A& S -6ToIM 1Y, 3Tl 3%, 0TelA 35

A wielekar Hast19]. ¥ A Aytel A 20201
Hla] 20219 DA o] Aadt AL it oF 8T 9] W2 7]
& zpo] 93 o] 2 Aow AZtEY, YFo| 7hsE F
A71L8 -150C ooz FHFATTable 5). €% 7FsA
o] ukgt A7 20 R °oF -19.0T olst & 0= X
9ltiTable 5). 202033} 2021'd &-§-&o]2] Yo Folw
Ao 2] A7) &g RIS A} Ht -12T 9] 7| 2elA = &
ole] 45S AT & ASNTHFig. 4).

Ao sk, AR, FA T 71R0] vl Hrkn
stelete 2357 WA AWt o) BO WEE 3.98T
7v A7t =7] wize] 2350 deRtE viEs 9 Y
57F 7P i, gl 29 WEe 3 3.98T7F Hof
FelA] gp-Jol7t Aaeh 7heAdo] stk ek 49-sjo]d
=

o]
L5 ATA oA rspHoRE FY=HE A8, w98

Table 5. Mean, maximum and minimum air temperature (C) in each region during the winter season. Blank(-) indicates

item that measured due to no data

Winter season
Regions from 2019. 12 to 2020 .02 from 2020.12 to 2021. 02 p value
Mean Max Min Mean Max Min
(€) (€) (€) () (©) (€)
Paju -0.5 14.8 -15.1 -3.7 14.4 -21.9 P<0.001
) Hwaseong 1.8 14.8 -10.9 -0.7 18.2 -19.6 P<0.001
Gyeonggi
Yangpyeong 0.8 14.7 -13.0 -1.3 19.7 -20.8 £ <0.001
Pyeongtaek 0.9 14.4 -9.7 -0.9 18.6 -19.2 P <0.001
Cheolwon -0.6 14.8 -17.0 -3.8 16.9 -22.0 P<0.001
Gangwon
Hongcheon -0.6 15.8 -15.7 -3.8 19.2 -23.5 P<0.001
Chungju 0.7 15.5 -12.3 -1.4 21.2 -18.5 P<0.001
Chungbuk Goesan 1.0 155 -12.4 -1.5 22.0 -21.0 P<0.001
Cheongju 2.0 16.4 -11.4 -0.4 22.8 -21.2 P<0.001
Asan 1.7 15.1 -11.8 -0.4 19.2 -21.2 P<0.001
Chungnam Yesan 2.4 26.9 -9.3 0.2 19.2 -20.1 £F<0.001
Hongseong 14 14.8 -11.6 -0.5 16.0 -20.4 P<0.001
Iksan 3.0 16.5 -8.7 12 21.2 -19.2 P<0.001
Jeonbuk Gunsan 2.8 16.6 -9.2 1.0 18.9 -17.2 P<0.001
Sunchang 14 17.5 -12.3 -0.6 21.0 -22.1 P<0.001
Yeongam 3.4 19.6 -8.6 1.6 214 -16.6 P<0.001
Jeonnam Haenam 4.8 19.2 -5.7 3.1 19.3 -14.6 P<0.001
Goheung 4.2 16.8 -7.3 2.6 21.2 -13.3 P<0.001
Sangju 21 17.4 -10.6 0.1 17.4 -16.1 P<0.001
Gyeongbuk Uiseong 0.6 16.9 -14.4 -1.8 23.9 -22.5 P<0.001
Gyeongju 4.2 18.4 -7.1 2.4 239 -12.6 P<0.001
Sancheong - - - - - - -
Gyeongnam Gimhae 49 17.4 -6.1 2.9 21.2 -13.8 £ <0.001
Goseong 45 17.9 -6.2 2.6 19.3 -12.8 P<0.001
Total average + SD 2.0+£1.7 16.9+2.6 -10.743.1 -0.1+2.4  19.8+2.4  -18.7+34
Overwintering region 2.7 17.0 -9.7 2.1 21.3 -15.0
Unoverwintering region 1.5 16.7 -11.7 -0.3 19.7 -19.1

S : Overwintering regions
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Fig. 5. Overwintering regions of Pomacea canaliculata during the winter season from 2000 to
2021(modified by Lee et al. 2019, from 2000 to 2017).
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