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Abstract

Pomacea canaliculate (channeled apple snail; CAS), which is one of the world’s worst alien invasive

species, is widely distributed in Korea, and raised ecological and economic problems. In this study, we surveyed
the distribution and dispersal characteristics of CAS in Korea, and analyzed the effects of environmental and
anthropogenic (or social) factors on their distribution and dispersal. We considered various events related to CAS
such as changes of policy including promotion of agriculture using CAS and enactment of biological diversity
conservation law. Our results showed that human activities strongly influenced to the distribution and dispersal
of CAS in Korea. Distribution of CAS seemed to relate with environment-friendly agriculture considering
environmental conditions of CAS habitats. And dispersal characteristics of CAS were significantly correlated
with social factors such as cultivation area and rate of organic products, production CAS on inland fishery.

Key words: Pomacea canaliculate (channeled apple snail), alien species, distribution, dispersal, anthropogenic
factor
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Halwart, 1994; Yusa et al., 2006; Joshi, 2007; Bae et al.,
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—’,‘—Eﬁ (Qiu and Kwong, 2009), ZH3E HE FH o] I3
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www.climate.go.kr)o| A A&t SHIEE7| TS} ALt
2 (RCP 8.5, Ao HE 4004y A5} 271527 AHAlE
(7*: http://www.agdcm kr, &: http://calslab.snu.ac.kr/ncam/
main)o| A A3 FHE FA A7 F= (5§ SERS
AIB A0y A28 Fustel ARSI 71 FARE
304 (1981~2010)0] Aol AEE o] gatel W B
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Fig. 1. Habitat of Pomacea canaliculata (channeled apple snail, CAS) in Korea. Paddy field means environmental friendly agricultural land
using CAS (H: Han river watershed, G: Geum river watershed, N: Nakdong river watershed, YS: Yeongsan-Seumjin river watershed, Jeju:

Jeju island).
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Fig. 2. Histogram of environmental conditions on habitat of Pomacea canaliculata. Geographical conditions: a, b, meteorological condi-
tions: c~f, land-use conditions: g~1i, (a) Altitude, (b) Slope, (c) Annual precipitation, (d) Annual maximum temperature at July, (e) Annual
minimum temperature at January, (f) Annual mean temperature, (g) Urban area, (h) Agricultural area and (i) Forest area.
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Fig. 3. Trend information related to Pomacea canaliculata in Korea. (a) Search rate for some keyword. It was provided from Google Trend
(https://trends.google.co.kr/), and *EFAP means environment friendly-agricultural products. (b) Change of area under cultivation by types of
environment friendly agricultural products (EFAP). (c) Change of cultivation rate to whole agricultural land by types of EFAP. Sum of whole
type products means total EFAP. Certification of agricultural product with low pesticides was reduced from 2010, and was abolished at 2016.
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Fig. 5. Distribution analysis of Pomacea canaliculata (channeled apple snail, CAS). (a) Dispersal distance of CAS by year. (b) Distance be-
tween CAS habitats and others (CAS farm and farmland using CAS). Due to small number of CAS habitats, CAS habitats observed before
2008 were integrated. Distance means Euclidean distance calculated nearest neighbor distance. Point means average and error bar shows
standard error.
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a1, o] & FMojs HMo] F ol = AT =9 = 7Rt ol ABBA (r=0.754/0.742, p=0.001/0.002)

AIBA (r=-0.879/-0.604, p<0.001/p=0.011)E & 7zt ZY H$H $£4o] AAFL 1Z EY

HAH(Table 1). Aol F {7152 IH F715 s4HE = HNY F AeF A= 2 f715 3 AT 29

of Aul HA o g sl A F AuBA (= - &HEEA (r=-0.775/=0.720, p=0.011/p<0.00HE =

0.600/—0.571, p=0.004/0.001)E 7HAIH, ‘@' ¥t ok B3 o] AAFE F5o, {7, 18d &
A=) Al WA vlgof s AR Fo A

500 . (F3%9F: r=0.785/0.785, p<0.001/p<0.001, ¢-7]%: r=
0.891/0.891, p<0.001/p <0.001, ¥H7: r=0.571/0.591,

B L i p=0.022/0.016)% =tk S F¢o] A9 &
production g . , w
400 120,998 | L 24 At Ads #2 ERE AN F F%E FAE T 7

e g AAEBA (r=0.806, p=0.007)E HoJu, Ao
ZF RS f71F FAEY AH W 2 vlE, 7o
A= 8o AT (r=—0.867/—0.576/ —0.667,
p=0.021/0.023/0.022)2 R gtt E3F Y4H £o] =3
AL 9ko o] Ay = AAx] 429} u]$ 733 oF
O] AAIA (r= 0.998, p<0.001)E 7HR T (Fig. 6).
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Fig. 6. Relation between cumulated habitat and cumulated produc-
tion of Pomacea canaliculata.

FFBole 19909t 27E sl ol&HU=T, &

Table 1. Correlation between factors related with Pomacea canaliculata. Table showed only significant correlation (p <0.05). r means cor-
relation coefficient.

Variable 1 X Variable 2 r p-value
G*-Organic food X G*-EFAP* 0.711 0.028
G*-River snail X G*-EFAP* -0.879 <0.001
G*-River snail X G*-Organic food —0.604 0.011
Organic products area X G*-Organic food —0.600 0.004
Organic products rate X G*-Organic food —-0.571 0.007
Organic products area X G*-River snail 0.754 0.001
Organic products rate X G*-River snail 0.742 0.002
CAS* Production X G*-EFAP* =0.775 0.011
CAS* Production X G*-Organic food —0.720 <0.001
CAS* Production X G*-River snail 0.747 0.005
CAS* Production X NP* products area 0.785 <0.001
CAS* Production X NP* products rate 0.785 <0.001
CAS* Production X Organic products area 0.891 <0.001
CAS* Production X Organic products rate 0.891 <0.001
CAS* Production X EFAP* area 0.571 0.022
CAS* Production X EFAP* rate 0.591 0.016
Dispersal distance X G*-EFAP* 0.806 0.007
Dispersal distance X G*-River snail —0.867 0.006
Dispersal distance X Organic products area —0.576 0.021
Dispersal distance X Organic products rate —0.667 0.023
Dispersal distance X CAS* Production —-0.767 0.022

*G-: Google trend, *CAS: Pomacea canaliculata (channeled apple snail), *NP: Non Pesticide, *EFAP: Environment Friendly Agricultural Products
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71E A= 59 EEA A4EE 2 A=, A7 =
So07 4Ex99 BAalo] vhelyth(Lee er al., 2019b). &
A7HA ZAHE G0l dFAH9 dFHFHA7 S A

l
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Akt A1k (Bae et al., 2012; Lee et al., 2019b), &-$-Ho] €
SARRA Y] A7 2L FF —4.4°CATE B AFNA
et Fego] AR F Hd YYFFA7]20] —4.4°C
o]l AL F 7070 AHolH G A FolA= FD
o] ¥F0] 7T AL R AAH) £ o3t AHES
dafiets ot Asi7bAl, Asiete et Aetd s FF,
ARz ot $8de A3 B 7HA] f1318HA
=4, ol 7|&0 AFEHAY FeHol dFAYA (Lee
et al., 2002)ct o EZof 9A|gc}. T2 4429 o
2ol 7Y 9 =A A9 2o YAt §lewn, of
A3t FRoA eFolY 5 75, 7|_ET &&A
270 pH 22 4, 74 5ol o B2 ¥FS 2= AL
2 g4 ko, 2002). & AFoNA 3T FeFol
A A28 713 Het AL W Azxe gt
ST EF olF olof thFt o 73t
oeixl Fogole] A HBE WY v (Matsukura
and Wada, 2007; Wada and Matsukura, 2011), =] <93
o] 4F 75 A9 FA7A 4N dF AQHT o
QA BEY 1540 &t

Fesolel 2o dAUEY fYUS B2 VEFY F
FRES F4A7T AR 0§07 el sl
M2 37 w59 EAE ok7| gttt (Engelhardt and
Ritchie, 2001; Galil, 2007; Butchart et al., 2010). o]u] £
guetols 4P ol& v|EE u|I /LA (Procambarus
clarkii), U= B3| (Metcalfa pruinosa), 282 (Mi-
cropterus salmoides) °| ¥ 2 SHirE o] AeH A
Hog wo BFE doy|i YrF(NIER, 2008; Lee and
Park, 2019; Lee et al., 2019a). QAW EFS] Y2 A4
aho] 3 Avlo]7]o] YO TS WS P o] 919
Aog Bx AAFoE fdE Aoz HAth(McNeely,
2000; Strayer, 2010). o]of] FF P+ At 20199 ¢ 1
o sl AFoll et Abdee e W fd o)
AEQ 98 By A3} R E S BAAA +5 F
= AR T AR B E A S FHE] oS
3231 SQITH(ME, 2019). Thet & AfollA Sl F¢-7
o ZH4k At et 2 29 F Fritof gt = oF2| 71X
25| FH|E o] UA AUt
SR @2, 20069 = =UE HRE T T
| TES F 504F0|aL o] F 34.9%°) HPt=
17652 229 a4 o FA Aoz Yyt
(ME, 2006). 20209 @Al 2ak¢l aPE A& HE
(Siamese Fighting Fish), ®]3}o]o] =3 (Vampire crab), ¥
o] 4w AEo] (Razorback musk turtle)?} #2 QA=
FTE U EA Y 5 At olH T gHBETS

ER

=

AAEA vkt AHAR GUo] WA FF

03 4 g AAE ARA gl B3t Ty
T Qe Tk o AREe AHA O 2R &
Fo Folvlel 2 AR 498 A%, 1 FaR:
AN THE Fedolunt B8 2 Ao Azt
Aol Axp, ool 27k A U 4H 43 @
o o8} A=A SAkE It F9FHo] Bakat §A4}
AR B AIE FAAY] AL R
gE AEA geluer neut @, AR Sl Hat
WRUA Q4 Anr vEA "ad Ao Bl

ol i ffo rlo

& ox o rl

xi Q

£ A7 Seldee s ddRE $ogold BEet
shatel] Glo ke M2 B 9 A9 asE BA
7] 918, S o] BEAY L B AsgAA 2}
28 S45te] Bastdth. 248 20 $9g0] 44X
F YREe 1= @ Ak B3, 54A Ao 91x5
T gie. olegt Seol HAA Y EHL WA 5
olehz <1914 ol ofat Shesjo] B U Exo} Tl
of Qe Aoz BerEth Seletols Geaolot B
Astel sheao] Buo 74 A, 9ol Sl of
3 27k g WA, ABTEN AR 51 2L 3
2 wistol 18 BARS A5 4 9F 5 ot
A, A8)d Ado] WASHch £ ATelA g %
$3olo] A AL AFEA 24 F 4715 FAEY A
DEEE R ERVET TR R RS SR EREEL P
HPAE B, o] Sabo] T A7t BEY YL

woizgltt. o] frEejol, nFAYEY 5 Be ol
g3o] Seletr fAHL gk 7Hed, $egoler 2
o] Q1912 AE Spito] MEEX] FEE FHE A= o
2 Bkt b Qg ofE WA 914 At B
a3}

FRFRE olthd (A 3lcheta chat el wpakabg), kg A (7
sloista 24

MAIGIE AFAA: 4, A= 44 @ BA%: oA,
A2 AR A, A A D A= ol A, A
OlSHEA £ AT olHBAL FE AA7 YHUT
S| B A7 AFATAT AT (NRF-2016R1A
2B4011801 & NRF-2019R1A2C1087099)2] A& Hho}
SaE ey
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