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Abstract: This study was conducted to estimate the mean annual extreme minimum
temperature raster and predict the potential distribution of the invasive plant, Ipomoea
triloba, on the Korean peninsula. We collected annual extreme minimum temperature
and mean coldest month minimum temperature data from 129 weather stations on
the Korean peninsula from 1990-2019 and used this data to create a linear regression
model. The min temperature of the coldest month raster from Worldclim V2 were used
to estimate a 30 second spatial resolution, mean annual extreme minimum temperature
raster of the Korean peninsula using a regression model. We created three climatic
rasters of the Korean peninsula for use with the Proto3 species distribution model and
input the estimated mean annual extreme minimum temperature raster, a Koppen-
Geiger climate class raster from Beck et al. (2018), and we also used the mean annual
precipitation from Worldclim V2. The potential distribution of /. triloba was estimated
using the Proto3 model with 117 occurrence points. As a result, the estimated area for
a potential distribution of /. triloba was found to be 50.7% (111,969 km?) of the Korean
peninsula.

Keywords: Invasive plant, Proto3, Ipomoea triloba, Annual extreme minimum tempera-
ture, Risk assessment
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St thoket ALEo] M 157 It (Pimentel ef al. 2000;
Pimentel 2002).

=Y ol B 9—%& O]ﬂoﬂ ﬂi—}ﬂ} @f*}ol V‘*ﬂh A
Al Aetzof it A=kt a2
2925t} (Beaumont et al. 2014; Qin etal. 2014) olE o}
o TheFh IR Y (species distribution model; SDM)©]
W= 1.9, The Global Biodiversity Information Facility
oF &2 A AR AH 55 U T AAL] gz <l

F5 gust amol o 40 571, 715 ngel ve
2 % UG AR 71, B Just 2L B
QR FE02 Jlsle] chake slealmo] g 414 A
FA] of| =] gt A47F HILE] T (Guisan and Thuiller
200S5; Elith and Leathwick 2009; Smolik et al. 2010; Tererai
and Wood 2014; GBIF 2019).

A= Fleid B7he S0l 7IHste] eHiAE
o] =i, A2 sl mlel 52 o5 Brksh] fiRt AlAIS
Tgolh v, B, Y T B2 Ut AR =
stofl 15l 7= —rﬁg@}ﬂ ATH(IPPC 2009). Het
U FHAR LT 374 Ga0A B d7E 5
skal Qlom (A A A= AAFB 7T AIFAIA 2016,
Aeavdd 2 9 o]gof wet HE A3 2019),
Proto3 B &-& A& 9] 1411—_‘,} ShAto]| A gkst /c]/ﬂz]
A7) 915k et GIs 3 71 el 7]Rket E%ﬂgi
1|=19] USDA, Animal and Plant Health Inspection Service
(APHIS), Plant Protection and Quarantine (PPQ)2] Weed
Risk Assessment©]| 4] Geographic potential of|Zo] E4 5]

T Ut (USDA-APHIS-PPQ 2016).

=2 a5 = 7| A sk 7]8M9] MaxEnt (Phillips and
Dudik 2008; Elith et al. 2011) ¢} 71513 ®H2] 9] CLIMEX
(Sutherst et al. 1999)= <& F41=9] FEILE d5ot
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St (Elith et al. 2006) 7FESE o] 2l2fA]E 9J5ig B
Ztoll A3ket AE Algditts Ea7t T (Jiménez-
Valverde et al. 2011).

T4 (Genus Ipomoea) A2 HZEe] 714 2 &
o2 71t Fast ARFAHE?] A0t (Ipomoea batatas) S
Zgote] A AAH LR 5009 Fo] Exast ‘210“1 =
W F2SE e WEHES AlE2 BT A Eelr F
8 Tx= EFET(Kim et al. 2016). BUWZZE (Ipomoea
triloba)% Ao obH2}7t Gate g =] 577, 572
H, UE2], 2 ¥ 5o —.~£6}I_' Uk EUEE
AFAXY xHo g gFAo] ~9dof =il FHAF
StA 7 gels EAJo] 9 (Park2009)

qef 3 wge) shry n@e Bestel RSl 4

0 oFS Aok, S ol e HHEE B
7 IE A 5 FHERYS B AR Fo LS

d&ot7] 1t thaFet d-E0] L= ATt (Phillips et al.
2006; Youngah et al. 2011). = U} ol A= MaxEntE &-8-6}¢]
3l B4k 28 AlE Y 71? H3le] ofgt AA12] F4 7}
A0l tiste] ZAUR, 3R, AU, AU, B AL
Fob A2 REFe Z%%OJ RouEe] FAQA AR 5
o] B E|IT}(Lee et al. 2011, 2012; Chun and Lee 2013;
Lee et al. 2014; Park et al. 2014; Choi et al. 2015). S|4 E-2
A = 7| e} T AEE GEAHAE HAE =
A, A x, AulE, 7F=EeEe] A A4 9 24t
d|Z0] HIETH(Lee et al. 2015, 2016a, b, 2018), Lee et
al. (2018)2 FEZEFY Azl MshE 4 4 A
= A9E dodote] I E B7HE Halshr| T SEQitt. 5t
A|9t Proto 35 &8t A= H 1 HF gick

2 A= AE A2 AEA A5 2311 Proto3E 59
St7] fIsto] 3712] 7|22t 2 A AlE Utd Y A&,
FH.7to|A 7184 A&, Pt A FE A=
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5t Sl HUWEES] @A £2E 7|Hte = 2 A

il &
A st 2E BEZ ST,

ol

b Hr ﬂll

W e AXIURE oS

AR e AAIRLES oZ, A2l detol



Fig. 1. Locations of weather stations for estimation of mean an-
nual extreme minimum temperature of the Korean peninsula.

Daly et al. (2012) 2] & -85kt 714434 9] 7142k
/A Eeta 5eko] 12924 9] 7|4t 27 E
1990 €] 2019A7k2] 0] 3018 FFO] A2k et
RS AlgobA 71 dtE HASHPLEE 245
T (Fig. 1). A9 Bt HA582+= 24 AHE 7P 5
& 2O HALE0] 30 Fot 3RS st A
@ 9 RS FEoHinh e 7P 8 2o FA2
Tof it A 2 Z= WorldClim Version22] Bioclimatic
variables - Bio6 (Min Temperature of Coldest Month) & &
&5k o] % St 7P 2 2] A2kl dig 4
2 AR o] e 7]/ Hof| 7|Hkete] {539t 3] AR
= o] Mt HASZ2 e AZRE AlAshle

2. SHLE Proto3 2 J|¥ OIX} 1=

Proto3 @2 37F2] 9] 7]%F 17} 1. g % (Plant
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hardiness zones), 2. T H.7}o) A 7|+ (Képpen—Geiger
climate classes), 3. w47 G (10-inch mean ann-
ual precipitation bands)= AF&RFT} (Table 1). H|=F USDA-
APHIS PPQ+= Proto3 230 &-85+= 7] FIAE 10km
dEER 309 B Al A=E 7]F FE SJAH(ZedX
inc., Bellefonte, USA) ] Climate Forecast System Reanalysis
(CFSR)2HE] gHto] -85} Itk (Magarey et al.
2018).

H AlofAE T Y 1 km SPAAER 309 FHH2
715 A9 A=E F5517] fIste] 7152 WorldClim
Version2= -85} T} (Fick and Hijmans 2017). WorldClim
Version2E 1970~2000'3714] 2] 2 A| A 9000~6000071 2]
714 HlolH et Ak, virkete] 712], MODIS 159174
""EJ U AdAAA AAE BYgor Fuw
Ao &8 7 Qo \:q) LE=099 o]/d-

WAHT e Hols AEgt 715 R

r°l‘

Proto3°ﬂ/‘1 g-8ote B FAdrd 99 A=e 109
2] 2¥Ae] A7 o2 L ER USDAC| Precipitation
%T}Oﬂ 7|5kske] 2 = Siet. SEAIRE USDA A &=9] 137}
S5 29 Proto3 B2 7Y =2 A 370 5
v Ve AN F 11719 SEo= saHnh ot
T YAdL-A734wF 99 T Proto3d B o W0
WorldClim Version2 SF2755F A LoflA] T G4
= FE91 SE2 Wrol A4Sk

u]= USDA-APHIS PPQ Weed Risk Assessment©f|A] &
5= Fwl.7to]A 7] 2 L= Peel et al. (2007)0] Al
29t AR A =E Z85hl Qo 2 ATl A= Beck et
al. (2018)°] A2t FH.7Fo]A 7|5 A =F S5l
t}. Beck et al. (2018) A E = 71228 WorldClim V1 and
V2, CHELSA V1.2, CHPclim V12| dlo]8§& 535te] #|
Z1F 1km W= 71T A2 Peel et al. (2007)2] 7
Hl.7}e]A 71 & 552 2853t U= USDA-APHIS
PPQ Weed Risk Assessment®] Proto3 32 12719 55
02 F1FF BFE FHSI] BT o], 127] 7%
7 53E A48 A BEE sAle] Sao] 2Aee, 1%
Humid continental warm summers =5°] & =E9] 62%
£ A4Aj5to], A8 A2 B welo] Hgpslole R
o] WolXthal TeHsto] Beck et al. (2018)©] AAIZH 3070
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Table 1. Classes and definitions of three climatic variables for Proto3 model in this study

Plant hardiness zones/Extreme minimum temperature

Zone1 -51.1--45.6°C
Zone2 -45.6--40°C

Zone3 -40.0--34.4°C
Zone4 -34.4--28.9°C
Zoneb -28.9--23.3°C
Zone6 -23.3--178°C
Zone7 -178--12.2°C

Zone8 -12.2--6.7°C
Zone9 -6.7--1.1°C
Zone10 -1.1-4.4°C
Zonell 4.4-10°C
Zone12 10.0-15.6°C
Zone13 15.6-21.1°C

Koéppen-Geiger climate classes/Definition*

Tropical rainforest (Tr) /Af, Am
Tropical savanna (Ts)/Aw

Steppe (St) / Bsh, Bsk

Desert (De) / Bwh, Bwk
Mediterranean (Me)/Csa, Csb, Csc

Marine west coast (Mwc) / Cwb, Cwec, Cfb, Cfc

Humid continental warm summers (Hcws)/Dsa, Dwa, Dfa
Humid continental cool summers (Hces)/Dsb, Dwb, Dfb
Subarctic (Su)/Dsc, Dsd, Dwe, Dwd, Dfc, Dfd

Tundra (Tu)/ET

Humid subtropical (Hs)/Cwa, Cfa Icecap (Ic)/EF

Mean annual precipitation bands/cm

0-10inches 0-25cm 60-70inches 152-178cm
10-20inches 21-51cm 70-80inches 178-203cm
20-30inches 51-76cm 80-90inches 203-229cm
30-40inches 76-102cm 90-100inches 229-254cm
40-50inches 102-127cm 100+ inches 254+ cm
50-60inches 127-178cm

*aggregated from Beck et al. (2018)

u]= USDA-APHIS PPQ Weed Risk Assessment2] Proto3
o] g 92 UsDAS] Wt 79 552 127
13b7HA] 9] F 26532 13552 Twdloto] &8t

AL Q) dHFA o & Yot swe QB EAREo 7]
Hhsto] 7] o] o ZofellA FH flotA E-g-ota 3l
O}, Daly et al. (2012)+= M=% USDA A& WM &
w AEE 72548kl 7IRtsto] AlFtstai e ul=
USDA-APHIS PPQ T3+ 11 |5 E-8-5tal Qct, shA| Tt
WorldClim Version29]= X & 7]-2=7 o] diet Ax} AH
7} ZAsHA] ke B Qo)A gl 277l e Azt
of gt 4 A% E AL o F ol-8ale] USDA 5
of Z18ket WeHd 9 =g A2, Z-gstdh A2
TR A7 2=%t A= USDA 5+ AlA= Hgst
oq SHItE A& LHOL/H :rLOd 7\] = Hm——].oar)r

3. U2 xxts 23

Aupgzo] Bxztan s 2 A2 XAV
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QArforele] oleALE KR ()% 15 oA
A=t /\i@,/‘aﬂi}_/\]’(Song et al. 2018)°|A] Al-55t= BEAL
28 qslo] WA 7] A TEec
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olr
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GIS AZF AH HyEE B 23¢9 g =&, AL

B4 2 == ArcGIS 10.12] ArcMap2 -85t

23t Y oy

1. ZRHY SHEE AXIZULE A

21y SWtE HAIGLEE S Atotr] flsto]
T} 530 1292]7] 9] 71/t ] 1990 @F-H 20197}
o] 30 HaF HATFH2EE= 7 AHE 7P =2 2
A& 0] 30 Pt 3] AHEAS Y5k (Fig. 2).
11 A3 RP=0.989] w2 AAAIFE Ad FAHRF] 9
ZEQlom 1 By ok At

AT =1.1724 x 7V & 9] HAHL2E - 6.3285
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rh ol
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lo, ol I

== 37 Y-S Worldclim 2.09] 71 3¢ &2
A2k Aztol| A-goto] AFERE AAE AAetel
o}, 1km S/ 0] RHREE A S32 0 A F 328,474
Mol AA2 o]Fo] A Ut AAE Korea 2000 Korea
central Belt 2010 FEAZ FF & 4 ARFe] AHA
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Wk o 0.06%2] 227t U =2 HedS Bl
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Fig. 2. Linear relationship of mean coldest month minimum
temperature observed between 1990-2019 and of mean annual
extreme minimum temperature observed between 1990-2019
from weather stations on the Korean peninsula.

Predicting the potential distribution for [pomoea triloba using Proto3

-2.15 5 -36.7°C HE AU Ao, B
-17.3°C, EFHA} 6.10|tt. o] = AA| 7144 30d B
dAR7E Mo 2 7P gk A9l JRt Al 7]
Ao HAIgeE Wit -1.6°Col1, FAgroz 7173
T2 A1 B3t AR A 7)o HAFgRE ol
-35.4°Co|H, Mt 7143 128719] Ht HAFGL2 =
7} -14.3°C, =12} 6.0%1 A2 H| WS ol XA B
< A LJgt BE Ao 4] 1.3°C oW 2] A4Fo] =2 FAHS
& Btk & Az} goto] 7)) R W2 A2 '
g 7180 Zh47t 10170, B1F 71 A7t 2770 = A
202 mpiRt @& = 59| 714 o] Evd
oA 710t Aoz mtEct o, Al2E Worldclim
V2 7|9te] Azt SHRtE HASHLEE & F ohet 7]
T A7 1y Az AEC] B2 9 PEdSe] 87t
A0 & A FETt(Fig. 3).

2. SHLE Proto3 2% 7| OIX} EA

A2 e 30 Bt HASE2E AR = Proto3
3ol ARgSE7] f15te] USDA 71 Saell 715kt Wigh
4 7 A=z HSHHH. USDA 71%9] 2 2= W]
o BHo] 15H 13 Ate] 9] gro g Helsto] A w=E A2t
S A3l ST -40.0~-34.4°C2| Zone3F-E -6.7~
-1.1°C9] Zone97HA] 770€] 2|9 0 & Uetth 7Hd 4
< WS AR5t Qe A2 Zone7E A S
42.7%S ZA5EAL AUk TS 4] 3212¢] Zone 7, 6, 8
o] A9 80.9%E AHA|StL Qlof I HAofA Bl
2 2Rt Uit Ao EsHE FA7HA] o]ofx]= H
oS AU R WAL st EAGHH, Zone3 FE
Zone67HA] 42 <0] A2 19.1% 2 5&2] 7t ¥
Tzt 22 vz e} EEE Foll ST (Fig. 3,
Table 2).

Beck et al. (2018) 2] F|H-7}o]A 7] Z] &= Proto3
Saol o A=A 1 A F sAe] 71
7F et on, teo A 7Y W2 719 A 4
9] 61.95%%] “Ha W5 7191538t o5 (Humid
continental warm summers)””7] =TS} th2-2 AA| 4
29l 24.3% 9] “H-& W5 71 F-A9E o5 (Humid
continental cool summers)”7] 7.2, U 2] 37 715
7t AA| 9] 13.53%EF AHA]skL ISt 58 54 719
W3 o F 7|5 EREHAIT, Al T, Ak o

39,

I 4z

[¢]
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Fig. 3. Estimated mean annual extreme minimum temperature (left) and plant hardiness zone map (right) of the Korean peninsula.

Table 2. Number of cells and percentage of plant hardiness zone Képpen-Geiger climate class and mean annual precipitation bands ras-

ters of the Korean peninsula

Plant hardiness zone Koppen-Geiger climate class Mean annual precipitation bands

Class No. of Cells % Class* No. of Cells % Class No. of Cells %

Zone3 130 0.04 Hs 20,471 6.23 51-76cm 27068 8.24
Zone4d 20,468 6.23 Mwe 0.01 76-102cm 85,825 26.13
Zoneb 38,379 11.68 Hews 203,485 61.95 102-127cm 131,509 40.04
Zone6 66,544 20.26 Hces 79,810 24.30 127-152cm 79,693 24.26
Zone7 140,200 42.68 Su 24,667 751 1562-178cm 2,430 0.74
Zone8 59,009 1796 178-203cm 1,847 0.56
Zone9 3,744 1.14 203-254cm 102 0.03

*Hs, Humid subtropical; Mwc, Marine west coast; Hcws, Humid continental warm summers; Hees, Humid continental cool summers; Su, Subarctic.

5, AR o2 e, Auki g, GRS A9
g o] x| ofo] Eakwlo] lgick. oA & 71577t
2 ul@ AXST Lo, A80) 42 Tis BAke
MPSIAL Sl 7157l Z]uete] HAHE Proto3] U
24 bl thet St 7R WA Rshs B QlotA

Proto39] F|H-7}o]A 7|¥47F wj¢ IA JFS F2 &
4= 1tt(Fig. 4, Table 2).

764 ©2019. Korean Society of Environmental Biology.
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M 51~76cm

. s & [J 76~102cm
I Humid subtropical ¢ W 102~127cm
B Marine west coast s & : e W 127~152cm
[ Humid continental warm summers . [ 152~178cm
" B Humid continental cool summers ‘ M 178~203cm
[ Subarctic B 203~254cm

Fig. 4. Two climate variable maps of Korean peninsula for Proto3 model; left: Képpen-Geiger climate classes, right: Mean annual precipita-
tion bands map.

Table 3. Rank, number of cells and percentages of combinations with three climatic variables rasters of the Korean peninsula

Rank Plant hardiness zone Koppen-Geiger climate class* Mean annual precipitation bands No. of Cells %

1 Zone7 Hews 102-127cm 58,396 178
2 Zone7 Hews 127-152¢cm 36,5637 11.1
3 Zone7 Hews 76-102cm 20,056 6.1
4 Zoneb Hews 102-127cm 17146 5.2
5 Zoneb Hces 76-102cm 16,977 5.2
6 Zone4 Su 76-102cm 14,476 4.4
7 Zoneb Hews 76-102cm 12,589 3.8
8 Zoneb Hces 102-127cm 11,903 3.6
9 Zone8 Hews 102-127cm 11,719 3.6
10 Zone8 Hews 127-152¢cm 11,374 3.5
Sum 211,173 64.3

Total 328,474 100.0

*Hs, Humid subtropical; Mwc, Marine west coast; Hcws, Humid continental warm summers; Hees, Humid continental cool summers; Su, Subarctic.

Proto3°l|A] 2]&E9] A4 7Hs X|Ho 2 FrtEl= 3717 2 102~207 cmZ HA9] 17.8% 2™ 9] 107 2312
71% 1z} 29k it of] F se7f| o] Z5to] LrelyiT}, o] ho Jht AA AAFo] 64% 2 WA 0 2 FHAF A] 142,062
Z oA 7 W WA o2 yepd 232 Y km>$Ath(Table 3).
A
2

Zone7, & W& 7|15t o5 715, AR
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3, QI2A HUHEEC) Proto3 2HE TR WA
241 7t x|

et al. (2018) 2] F|W.-7}o]A 7] 8 2 ol 7|ksto] A2}
H 3712] M Proto3 71% 58 A5 &85t ¢
Sz EpEEe] A3, skt TP A 9e dlsielct o
A x HUEEe "Rt deolA F 117719 B A3
spushglon], W AUES 7} /1% SRR o]
Aot A3t A& WA XYL Zone7, Zone8, Zone9ll A,
7o) AN FFE w8 ofdn) 1%, 58 54 7]
oS A F 7] FTollA, AR AATEE 1027127 em,
127~178 cm G ol 4] LAY o] Q1= ITH(Table 4).

SRl 2, St A5 S A2 St 4T
7R Al kg Selgt A} b B, 2
AgEE ol 7ol gimit IS Al ek tfFEo] '
Blelo] A2 st Tis Aol e Bt de)T %
o] ZNVGA], Fold e 5, FolEe AR, BYAl, G2

T S B A, g 7Hs A 2= oS5l Proto3

Worldclim V22} SHFE 30 ot 7|4 Ho]¥ Beck
7
[}

i

SPOE 5T GNE | AhREY P, Mt ks
2|92 A et Aol 50.7% %= WA S = 2H4bstH

111,969 km* 2 LFEFSLTH (Fig. 5).

Protos B2 |2 F AR A2} shit A ot 7]
Aol A HI1%E Mazent, Climax?} 42 SEXIRH T} &
o) o2 Al B 2L AL Binary BEES WE
7] 91 Threshold EO.2 A 5]2] 9k, 4] A2 7}
5, 2769 Binary AlC 2 TEEHH, oS B3 o] Hetn

==

Al
o
F3F AUC @3 22 2|87} ohd 87} Sast 2o

g 7ol 719kt AAEE Apol7t Qe 11

e

o
B
g

3]

g

@

Table 4. Number of occurrence points of lpomoea triloba in cli-
mate classes of the Korean peninsula

Number of

Class .
occurrence points

—

. Plant Hardiness zone

Zone7 (-178--12.2°C) 21
Zone8(-12.2--6.7°C) 9
Zone9 (-6.7--1.1°C) 14
2. Képpen-Geiger climate class
Humid subtropical (Cwa, Cfa) 15
Humid continental warm summers 29
(Dsa, Dwa, Dfa)
3. Mean annual precipitation bands
102-127 cm (40-50 inches) 1
127-178 cm (50-60 inches) 18

766 ©2019. Korean Society of Environmental Biology.

Suitable area for establishment
=50.7%

Fig. 5. Occurrence points (black dots) and estimated suitable area
for establishment (gray color) of lpomoea triloba on the Korean
peninsula using Proto3 model.

+ A 9ol 490, the FERERFO| Hl5to]
diider Ry SPA7E AAD = e AR ] 5
7F A7) whgoll B7Haae] @ ol wal, Ayt w2 4
3 wizell A= Aol s 2 g8l Bl At s
ARt 37} AAp7} Eeotal, Kol Agetmof| et e B
7o ot mEEE JEFo] B Bl Hlste] 4= 5
O] T E3F EAIITE o217t Proto3 o] FHHS ol
%= ™, Proto3 P2 I o5 A= Y, B2 &
A e a3 5o A-EAEoE QA S8t
e} ol & F el AA 1 Toll E8s5hlol At Ao
= ke

3
fo

re
ey
1
rr

M= of| A Proto3 2 &S 43517] $I514



Zagh37kA] 71317t lE L AE U 9, 2. 7|4l
7¥o|A 7194, 3. ARA7 4 ool digh e A=
Z lkm =R A= “8} E} Worldclim V22} SHIFE 30
| Bt 7] HlolEl & o]-&ote] e A=SE2
AZE AlFFetal o, o5 &-gate] e A& iy
T AZAEE AZete] Proto3e] o]-&stATt FH-7t
0]7] 7]15F A &Zi= Beck et al. (2018) 2] F|H-7}o]7] 71&
T AZE Proto3oll AgotA Blgstal o, Ax27 4
F 992 Worldclim V25 E-8ato] AlZrstaict. Al
Proto3 7]% <17t A& &goto] oz HpgEe
2 St 7 A9E ASS Ao, Fet diEEe] A9
T 530] o5 2R FE A 72| A St A
2+9] 50.7%7F 42 <4
= HUEE ] 9ol
B7tsd AoR %L%E‘r

T

J.l

I"

d

O_L4 F..-4 o
0\:\
N Jr
i} ﬁg
4
i) lo
£
= g
2 Jl)]v
4
ol iSZ
ol :“"
é rl-rt
et

2 AtEe T2 AETdY A8 s
g AL (THAIH S PJ0138552019) 2] A Hof| 2]

¢

REFERENCES

Beaumont LJ, RV Gallagher, MR Leishman, L Hughes and PO
Downey. 2014. How can knowledge of the climate niche
inform the weed risk assessment process? A case study
of Chrysanthemoides monilifera in Australia. Divers. Distrib.
20:613-625.

Beck HE, NE Zimmermann, TR McVicar, N Vergopolan, A Berg
and EF Wood. 2018. Present and future Képpen-Geiger
climate classification maps at 1-km resolution. Sci. Data
5:180214.

CBD. 2009. Invasive Alien Species. Convention on Biological Di-
versity. Montreal, Canada. pp. 6-9.

Chun JH and CB Lee. 2013. Assessing the effects of climate
change on the geographic distribution of Pinus densiflora in
Korea using ecological niche model. Korean J. Agri. For. Met.
15:219-233

Daly C, MP Widrlechner, MD Halbleib, JI Smith and WP Gibson.
2012. Development of a new USDA plant hardiness zone
map for the United States. J. Appl. Meteorol. Climatol.

Predicting the potential distribution for [pomoea triloba using Proto3

51:242-264.

Elith J and JR Leathwick. 2009. Species distribution models:
Ecological explanation and prediction across space and time.
Annu. Rev. Ecol. Evol. Syst. 40:677-697.

Elith J, CH Graham, RP Anderson, M Dudik, S Ferrier, A Guisan,
RJ Hijmans, F Huettmann, JR Leathwick, A Lehmann, J Li,
LG Lohmann, BA Loiselle, G Manion, C Moritz, M Nakamu-
ra, Y Nakazawa, JMM Overton, AT Peterson, SJ Phillips, K
Richardson, R Scachetti-Pereira, RE Schapire, J Soberén,
S Williams, MS Wisz and NE Zimmermann. 2006. Novel
methods improve prediction of species’ distributions from
occurrence data. Ecography 29:129-151.

Elith J, SJ Phillips, T Hastie, M Dudik, YE Chee and CJ Yates.
2011. A statistical explanation of MaxEnt for ecologists. Div-
ers. Distrib. 17:43-57.

Fick SE and RJ Hijmans. 2017 WorldClim 2: new 1-km spatial
resolution climate surfaces for global land areas. Int. J. Cli-
matol. 37:4302-4315.

GBIF 2019. GBIF Home Page. Global Biodiversity Information
Facility. Available from: https://www.gbif.org Accessed13 Au-
gust 2018.

Guisan A and W Thuiller. 2005. Predicting species distribution:
offering more than simple habitat models. Ecol. Lett. 8:993-
1009.

IPPC. 2009. International Standards for Phytosanitary Measures.
International Plant Protection Convention (IPPC) and the Food
and Agriculture Organization of the United Nations, Rome.
pp 1-32. https://www.ippc.int/index.php?id= 13399&L=0.
Accessed 4 Oct 2010

Jiménez-Valverde A, AT Peterson, J Soberon, JM Overton, P
Aragon and JM Lobo. 2011. Use of niche models in invasive
species risk assessments. Biol. Invasions 13:2785-2797

Kim MH, KJ Cho, YJ Oh, D Yang, WJ Lee, S Park, SK Choi, J Eo,
MK Kim and YE Na. 2016. Life form and naturalization charac-
teristics of naturalized plants in upland fields of South Korea.
Korean J. Environ. Biol. 34:63-72.

Lee SH, HC Jung and JY Choi. 2012. Projecting climate change
Impact on the potential distribution of endemic plants (Me-
galeranthis saniculifolia) in Korea. J. Korea Soc. Environ.
Restor. Technol. 15:75-83.

Lee SH, JY Choi and YM Lee. 2011. Projection of climate change
effects on the potential distribution of Abeliophyllum dis-
tichum in Korea. J. Agri. Sci. 38:219-225.

Lee SH, KH Cho and WJ Lee. 2016. Prediction of potential distri-
butions of two invasive alien plants, Paspalum distichum and
Ambrosia artemisiifolia, using species distribution model in
Korean peninsula. Ecol. Resil. Infrastruct. 3:189-200.

LeeYG, JH Sung, JH Chun and MY Shin. 2014. Effect of climate
changes on the distribution of productive areas for Quercus

http://www.koseb.org 767



| I
Korean J. Environ. Biol. 37(4) : 759-768 (2019)

mongolica in Korea. J. Korean For. Soc. 103:605-612.

Lee YH, SH Hong, CS Na, IS Sohn, MH Kim, CS Kim andYJ Oh.
2016. Predicting the suitable habitat of Amaranthus viridis
based on climate change scenarios by MaxEnt. Korean J.
Environ. Biol. 34:240-245.

Lee YH, YJ Oh, SH Hong, CS Na, YE Na, CS Kim and IS Sohn.
2015. Predicting the suitable habitat of invasive alien plant
Conyza bonariensis based on climate change scenarios. J.
Climate Change Res. 6:243-248.

Lee YH, CS Na, SH Hong, SI Sohn, CS Kim, 1Y Lee and YJ Oh.
2018. Predicting the potential habitat and risk assessment of
Amaranthus patulus using MaxEnt. Korean J. Environ. Biol.
36:672-679.

Magarey R, L Newton, SC Hong, Y Takeuchi, D Christie, CS
Jarnevich, L Kohl, M Damus, S| Higgins, L Millar, K Castro,
A West, J Hastings, G Cook, J Kartesz and AL Koop. 2018.
Comparison of four modeling tools for the prediction of po-
tential distribution for non-indigenous weeds in the United
States. Biol. Invasions 20:679-694.

Park HC, JH Lee and GG Lee. 2014. Predicting the suitable hab-
itat of the Pinus pumila under climate change. J. Environ.
Impact Assess. 23:379-392.

Park SH. 2009. New lllustration and Photographs of Naturalized
Plants of Korea. lichokak Publishing, Seoul.

Peel MC, BL Finlayson and TA McMahon. 2007 Updated world
map of the Képpen-Geiger climate classification. Hydrol.
Earth Syst. Sci. Discuss. 4:439-473.

Phillips SJ and M Dudik. 2008. Modeling of species distributions
with Maxent: new extensions and a comprehensive evalua-
tion. Ecography 31:161-175.

Phillips SJ, RP Anderson and RE Schapire. 2006. Maximum
entropy modeling of species geographic distributions. Ecol.

768 ©2019. Korean Society of Environmental Biology.

Model. 190:231-259.

Pimentel D, L Lach, R Zuniga and D Morrison. 2000. Environ-
mental and economic costs of nonindigenous species in the
United States. Bioscience 50:53-65.

Pimentel D. 2002. Biological Invasions: Economic and Environ-
mental Costs of Alien Plant, Animal, and Microbe Species.
CRC press. Boca Raton, FL. p. 369.

Qin Z, A DiTommaso, RS Wu and HY Huang. 2014. Potential dis-
tribution of two Ambrosia species in China under projected
climate change. Weed Res. 54:520-531.

Smolik MG, S Dullinger, F Essl, | Kleinbauer, M Leitner, J Peter
seil, LM Stadler and G Vog. 2010. Integrating species distri-
bution models and interacting particle systems to predict the
spread of an invasive alien plant. J. Biogeogr. 37:411-422.

Song HR, DE Kim, DH Lee and NY Kim. 2017 Nationwide Survey
of Non-Native Species in Korea (lll). National Institute of
Ecology. Seocheon, Korea.

Sutherst RW, GF Maywald, T Yonow and PM Stevens. 1999. CLI-
MEX: predicting the effects of climate on plants and animals.
CSIRO Publishing. Collingwood, Australia.

Tererai F and AR Wood. 2014. On the present and potential distri-
bution of Ageratina adenophora (Asteraceae) in South Africa.
S. Afr. J. Bot. 95:152-158.

USDA-APHIS-PPQ. 2016. Guidelines for the USDA-APHIS-
PPQ Weed Risk Assessment Process. US Department of
Agriculture (USDA), Animal and Plant Health Inspection Ser
vice (APHIS), Plant Protection and Quarantine (PPQ). Raleigh,
NC.

Youngah L, G Munisamy, C Samuel and H Michael. 2011. Predict-
ing potential invasive species distribution: An application to

New Zealand mudsnails in the pacifcic northwest. Agri. Appl.
Econ. 2011:24-26.



