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Abstract: Global warming has a major impact on the Earth’s precipitation and
temperature fluctuations, and significantly affects the habitats and biodiversity of
many species. Although the number of alien plants newly introduced in South Korea
has recently increased due to the increasing frequency of international exchanges
and climate change, studies on how climate change affects the distribution of these
alien plants are lacking. This study predicts changes in the distribution of suitable
habitats according to RCPs climate change scenarios using the current distribution of
the invasive alien plant Conyza sumatrensis and bioclimatic variables. C. sumatrensis
has a limited distribution in the southern part of South Korea. Isothermality (bio03),
the max temperature of the warmest month (bio05), and the mean temperature of the
driest quarter (bio09) were found to influence the distribution of C. sumatrensis. In
the future, the suitable habitat for C. sumatrensis is projected to increase under RCP
4.5 and RCP 8.5 climate change scenarios. Changes in the distribution of alien plants
can have a significant impact on the survival of native plants and cause ecosystem
disturbance. Therefore, studies on changing distribution of invasive species according to
climate change scenarios can provide useful information required to plan conservation
strategies and restoration plans for various ecosystems.
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oF BEE QIFokaL ek (IPCC 2018). A 23 4]
20| Z@A71%t ohet Asht QA7) 2 F
T AEES AR wEe] AT 7S E 5 912 (Root ef al. 2003;
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Cleland et al. 2007; Miller-Rushing et al. 2008; Hegland et al.
2009), 71 ¢RIStE IRk 4w Wdle AE 2l T F
HIof et 92 & Zolth(Hirabayashi et al. 2013;
Garssen et al. 2015). WetA] a2l 7|3 sk B2 59 A
A x]of i HokE Zafisto] A2thd Haek Al
who] G4 E T} (Aratjo and Rahbek 2006).
A 2H A& (Invasive alien plant)<> 27 ¥lg}o] W=
A-goto] HIAEN JHES Y 4 Ao ol A
Al A} A=k 7] Hstel A efHfE Eits 3
Z 4= It} (Bradley et al. 2010a; Davidson et al. 2011). A1
AFolM= AdA =l A E Ao A= =
T AL ZF] e AaAlE & dual Balske)
‘jr(Levine et al. 2003; Vila et al. 2011). Tt HJAEL B
4 =4e Aitsto] AMFe] BAA 915 Holw
Mz A A2 wEA] 2Hibd 4= loh(Vila and Weiner
2004; Lankau et al. 2009; Bradley et al. 2010a). 3 Y41E2]
ol2fgt /442 7|FHate} oA A wte] =8 adl
o= 28 4= QU webA, 7] ste] mhE < ef# A
=9 RFEE ASste] AE Al A= FFE wefeh=
A2 AEHA T E SR T 83 7|24 R 2 Aot
Z EIL Y (Species Distribution Model)-= AJEjS} 2oF
oA g AMgEE EFE Fo A2 AFAS oS5t
L g o]gx]o] £kt (Elith and Leathwick 2009; Park et al.
2020). 15 A% MaxEnt ZF-2 4129 A4 B
FASH= o] gad o 2 ARRE| T QT (Phillips et al. 2006;
Koch et al. 2017). A3 QoA = BEL7]52] A=A
EEE BA5H T (Wilting et al. 2010), o= 715
Hoto| mhE o] F 7 WS o &5h= Hl ol A
457 QIth(Booth 2018; Li et al. 2020a; Du et al. 2021). =
S MaxEnt= =2 3 H|oJElE o] 8ste] ZHEsH &£
A Q1AL B 7F AW B 2R Hlol B ok 7
S AVE A 4 QlofA AHISH otofl d ] AREE AL 9l
T} (Hernandez et al. 2006; Person et al. 2007; Ortega-Huerta
and Peterson 2008; Guan et al. 2020; Ji et al. 2021).

% (Conyza sumatrensis E. Walker)+= ©]1] 2]=0]|A]
Aol 2 22 0l tigt A-530] &2 A=
A A 212 ™ (Hao et al. 2009; Liu ef al. 2012), 5734

=ofl & HelE & 4 AL, AT BerddS A
b 4= Q1= AlEo|th(Jorda et al. 2001; Chivasa et al. 2002;

t al. 2012). |23t B FQ o E okl
0] 7L Hsto] tigt A= AL §lom, 53] 7|5 Hs}
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U2 (C. sumatrensis) ] E3E ARE I3 ZALRE GBIF
(Global Biodiversity Information Facility database, http://
www.gbiforg/)E Sl & EF A=E FHIH. sHA|T
GBIFOll= 24zl tiet =l 22715 AA=7t flojA &
ATolle FFEAL A=A o] GE AT FFEAE 2013
GRE 202087 =S dide= 74918 4385}
Y7t 29 T 181449 Gps FHuE 715, 7
ZAA Atolo] AglE F A skm oA =2 SHTH(Fig.

1). T8Z(C. sumatrensis) = 2|82 F2 =19] HH A

w9

150 300 km

Fig. 1. Spatial distribution of occurrence records of Conyza su-
matrensis in South Korea. The black dots indicate the locations
covered by C. sumatrensis.
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AHE5EATH(Table 1). A&7
(US Geological Survey) |4 72t 20700] B=7] ¥4
HEo|H, F kol tigh 715 wste] gk Bk uf A
-8EItH(O’Donnell and Ignizio 2012).

2 A i FRIG o AR 7152 = (19769~
20059)= 71747 9] 6078 TE714 TS 4 (Automated
Surface Observing System, ASOS) A 9] ¥= 2=et 11
&, AL & dietemRE o AR Fo HHE Hige
2 B4HE 3km 37 WY=L e E AHESHO] (Cho
et al. 2020a), 207 =7 FHSE Aitsto] ARRSHA
ok 7|3 sE 7] Hste] #wek R TF G oA
(Intergovernmental Panel on Climate Change, IPCC) S%}
H7EE 1A (Fifth Assessment Report, ARS)Oﬂ ge59d
A} S H| WAL (Coupled Model Intercomparison
Project Phase 5, CMIP5) <] 7] 83} Alup=]Q njzf v
A= ARSIt & AollM= eMmIps AHa 5 107] A
A2 & (Global Climate Model, GCM) A& (Table 2; Cho
et al. 2020a) 2] RCP 4.59} RCP 8.5 A|UHE] Q. AtR S 0] 85
of, vl 712004 2078 BE7|FHTE ABAtste] AL
&5tk RCP 4.5= 24712 A3t o] AJds] A3
== Aol sig =™, RCP 8.5 @A A1 (M7 §iol)
B AT v EE = 7390l SHEE T (Lee ef al. 2016).
7| S s}l whE U EREO| WIS mtelr] it
o2 Zo] njd RS FE I ol (Near future,
2010~2039), 502 (Mid future, 2040~2069), Hu| 2} (Far
future, 2070~2099).
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Predicting Conyza sumatrensis distribution under RCP scenarios

Table 1. Description of bioclimatic variables

Index Description Unit
bio01 Annual Mean Temperature °C
bio02 Annual Mean Diurnal Range °C
bio03 Isothermality %
bio04 Temperature Seasonality (Standard Deviation) °C
bio04a Temperature Seasonality (CV) %
bio05 Max Temperature of Warmest Month °C
bio06 Min Temperature of Coldest Month °C
bio07 Annual Temperature Range °C
bio08 Mean Temperature of Wettest Quarter °C
bio09 Mean Temperature of Driest Quarter °C
bio10 Mean Temperature of Warmest Quarter °C
bio11 Mean Temperature of Coldest Quarter °C
bio12 Annual Precipitation mm
bio13 Precipitation of Wettest Month mm
bio14 Precipitation of Driest Month mm
bio15 Precipitation Seasonality (CV) %
bio16 Precipitation of Wettest Quarter mm
bio17 Precipitation of Driest Quarter mm
bio18 Precipitation of Warmest Quarter mm
bio19 Precipitation of Coldest Quarter mm

BE WS olgste] 7] Hdlg FEekal I An

o7t 1 el WS AAR. 27] REoA
= ‘Random percentage S 25= 475}, ‘Create response
curves), ‘Make pictures of predictions’ ¥ ‘Do jackknife to
measure variable importance’TE: Aeisty, Y z] ndl gho
7|22 g AAsteitt = BiAlR 1 A" e F
344 (multicollinearity)—g_T 71 WS Al ASH] Y5l
1] o]~ AT A4 (Pearson’s correlation coefficient, r) S &
Q15T (Dormann et al. 2013). THeF W= Atolof] =2
FBEA (Ir1>0.85)7F Sl -volle 271 2d 2]
A 717} 2 el MRt A Eskloh

3. X2 MY

MaxEntO]li= feature classes®} regularization multiplier2]
5 78] AT 4= Q= 8 vi7HHSE (parameter) 7F QL
t}. Feature class®ll= L (linear), Q (quadratic), P (product),
T (threshold), H (hinge), C (categorical) 67H7} Sltt. &
Apo| = 6709 feature 23 (L, LQ, H, LQH, LQHP,
LQ_HPT)T} 871 9] regularization parameters (0.5, 1, 1.5, 2,
2.5, 3,3.5,4)F ol-&sto] HA] 48719 & RES vHE
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Table 2. General circulation models (GCMs) used in this study

GCMs Institution Resolution
(degree)

BCC-CSM1-1 Beijing Climate Center, China Meteorological Administration 2.813%x2.791
CanESM2 Canadian Centre for Climate Modelling and Analysis 2.813%2.791
GFDL-ESM2G 2.500x2.023

Geophysical Fluid Dynamics Laboratory EE—
GFDL-ESM2M 2.500%2.023
HadGEM2-CC 1.875x 1.250

Met Office Hadley Centre —_—
HadGEM2-ES 1.875x 1.250
INM-CM4 Institute for Numerical Mathematics 2.000x 1.500
IPSL-CMBA-LR Institut Pierre-Simon Laplace 3.750 x 1.895
MIROC-ESM-CHEM Japan Agency for Marine-Earth Science and Technology, 2.813x2.791
MIROC-ESM Atmosphere and Ocean Research Institute and National Institute for Environmental Studies 2813%2.791
SAT}. MaxEnt (version 3.4.4)E dismo package (Hijiman et Zt AE719 50 T35 7otz l5te] Jackknife

al. 2017)= SAZZE 138 RO FA5F] ENMeval package
(Muscarella et al. 2014) 2} 9V G55t FH Bdl-Z A4
Sl9ich X 24 = AICc (corrected Akaike information

criterion) ko] 7H4 22 ndlg 24 mdlz AAsh

4.5 2205 22

2F oA A oA HHH featuresE A
E15} 11, ‘regularization multiplier’ o]l Zt= =5ttt
‘Replicated run type’'-= ‘Crossvalidate’ = ‘Replicates’= 10,
‘Max number of background points'+= 10,000.2.= 7J5}5]
ok Ee F S AR H2 BY Ao g &
Ao o5 WA5t7] £15+9] bias layerS A8/435k0] ‘Bias
file'oll F7Foto] BE-S 55 T (Kramer-Schadt et al.
2013; Halvorsen et al. 2016). 4% 2] &g A2]2] 2| L9
A4S At &8 §39-2 Cloglogs AH8-5F3IT

9] ¢S S = ROC (receiver operating character-
istic) =412] AUC (area under ROC curve) %22 #H35-5t
SATH (Fois et al. 2018). AUC 39| M= 0.5~10]9, gto]
25 B9 o Fetert Frhs A oudith it
Hoz nd o2 PSEL 83 L sEFOR PR
T}: 0.5~0.6, fail; 0.6~0.7, poor; 0.7~0.8, fair; 0.8~0.9, good;
0.9~1.0, excellent (Swets 1988).

4 (©2022. Korean Society of Environmental Biology.

7}

%!

T 8 x FRESES WAE TSttt (Phillips ef al.
2006). 9] F94-2 7] % (Percent Contribution) 2+
%8I (Permutation Importance) & S04 542 & 9
o} 71 s o] ERIpyoflA] ZF Hao] 7)o = E vt
A7PHA Ao AME EE5HeS st Yo, F
Q= A9 Amol digh 2 &9 Al AUC & H4
A7l ¥4 5843 YEHTH(Gill and Sangermano
2016; Cho et al. 2020b).

Hay dibs F9xo A4 AMdS 00llA
= Uehdch 2 AolA= A4 A& 534 A
(Equal interval approach)& AHg-Sto] thgit o] 554
o2 FESIY ) 0~0.2 (non-suitable area), 0.2~0.4 (low-
suitability area), 0.4~0.6 (general-suitability area), 0.6~0.8
(medium-suitability area), 0.8~1 (high-suitability area) (Li et
al. 2020D).



Table 3. Percent contribution and permutation importance of vari-
ables

Variables Percent Permutation
contribution (%) importance (%)
bio09 78.8 838
bio03 14.5 35
bio05 6.7 127

£ 5873 32loth(Woodward and Woodward 1987; Chap-
puis et al. 2012; Steinkamp and Hickler 2015). THHA] £ A
TolMe 2ot e T 20709 A7 THSE
AFEZTE (Table 1). 27] & S5} ¥4 Afo]9] 4
T 2AS ol e S Sl & HEol A E
TH(Table 3). % A4 H S S4= bio03 (5-241), bio0S
(V¢ "2 29 H11712) % bio09 (7HF Xt 2719
Wat7]2) & B 7|20 g Mgl

TH 1Y 487 F XA HERE AICc #to] 2534.5% 7}
A 22 LQHPT 1 o] AAE ALt =, 2F L feature
classes”t L, Q H,P ¥ To|1, regularization multiplier Zro]
13] Zgho] ARE| . 2 A4 H LQHPT_1 ¥ A

goto] 2] A NS ol EHc,

2, 24l Hyo}

2E AA-E LQHPT_1 Hdof et 10-fold cross-valid-
T}, B test AUC 12 0.8 14 (good) 2! 0.8902
T} (Fig. 2). TebA] 2 B2 A3 4 9l
71 Ao = |et & Qlrk(Swets 1988).

of YFE F= HFEY 7=} F8E
oIt A} 7] == bio09 (78.8%), bio03 (14.5%),
bio05 (6.7%) =22 =4 YEISI, FA 5= bio09
(83.8%), bio05 (12.7%), bio03 (3.5%) £=C =2 =7 Lrebd
T} (Table 3). Jackknife testo A= bio092} bio057} 585
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Average Sensitivity vs. 1 - Specificity for Conyza_sumatrensis

ner

07T

06

05T

0.4r

Sensitivity (1 - Omission Rate)

03r

02p
Mean (AUIC = 0.890) m
Mean +- one stddey m
Random Prediction =

01y

oor

| | | | I I | | | | |
0.0 01 0.2 03 0.4 05 0.6 07 R} 08 1.0
1 - Specificity (Fractional Predicted Area)

Fig. 2. ROC (receiver operating characteristic) curve and AUC (area
under ROC curve) value by the MaxEnt model for Conyza sumat-
rensis.

2 37t FASHE AFS eI bio059} bio092] Fk
o] Z7FE EA FEL I S7kote S HER
T} (Fig. 4). Zt W4 509% olde] &4 &3 Yehf= ¥
A= bio032 -0.2%°A 0.4% AFO], bio05+= 26°C ©14,
bio09+= 4°C o1/3R] A 0 & LEgTh

2 A Aol A] bio09= THE HAEE Ao 7Y

Zaqt @ ajlolghs A HojEoh 9% AA| &
I 292 o] FRA| o] 2 Bastal §lom, Ax
St A1719] B7]o] At or B2 FRA|HoA=
EE7t AljtE Ao R HAck =y < sAAEA 7]
THs AnAER GH THEIE st ot B4
SH= Zo] T=E Tk (Kim et al. 2018). ©| 2|3t Avl= F
T A7) BUEZE B3 F7HE31 EAo] ashA|nt 2
T gl o A=) B2 Hsks A E

Jackknife of AUC for Conyza_sumatrensis

Without variable =
With only variable w
With all variables w

0.84 0.86 0.88 0480

Fig. 3. Jackknife results for environmental variables in Conyza sumatrensis's habitat distribution model.
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Response of Conyza_sumatrensis to bio03
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Fig. 4. Response curves of the environmental variables in Conyza
sumatrensis's habitat distribution model. (A): bio03, (B): bio05 (C):
bio09. Red lines and blue lines are the mean and standard devia-
tion of ten replicated responses, respectively.

i)
i :Lo

@
E?.l', o?l,

(nﬁc: He

O K ox

Lot

9

o]

pis =

et (Fig. §). 7= d tholl Al S529]
AYt o4 (general, medium, high) ¢l A| 92 AFEE
o gelel pHAGE U0 HEse Aog
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Wt (Fig. 5). 7I=d oA AA2] A4 558
o z

) H2 A A, AR AekR], S A, w2 A

2

247} 22.38%, 44.24%, 9.04%, 16.42%, 7.92% % H]Z g
o Aotz|7F e2luvket HA FE L] 60% o)/ Z}A|Sk
SAT}H(Table 4).

Yz A A4 Tk vl HE5AHES A5t

7] §isto] o] Z]=dd) ] vl 7] Rt v e

fAsEEE. 71 F el 1 5 WAL ek e
3| WA Hge sz druc e tha PAs
Fulelell A 71 vrekek whel Qut ol g (A,

S 2 YePTE RCP 8.5 Al 2ol 4 Erdx9] =] X9t
WA H]-8-2 7]FE 22.38%004 Zul2e] 8.86%, 5]
A 4.52%, AU 1.71%2 A|&H 082 HASH= Zo7

2,

ERg, o]gt A Z2 RCP 4.5H T Zth W2 A9
HA Hl-&2 Fu|F ol F25] Hadhes FFS UERRh
At o] A A 2] WA H]-&-2 RCP 4.59 L5t Tl
A 7t Ao =2 e
Tzt T2 AYAEES] Ex Hste 7] eHst
=] A o = Og

< E 4 th(Bradley et al. 2010b; Taylor et al. 2012).
3 Aol =, AJA=0] B2 7| FHslet oA
71t Ao 7 AAFE T} (Kriticos et al. 2003). L2t 7]
sjoll WG el A1EFo] Tt B2 el gerd &

=

o ¥ ol
o mot mf oo LR ofN 2 o U

(Bradley et al. 2009). ©] A2 ZH3A=3 2 41=0]

I HALS Sl A2 th2 RS AEshy] thEd Aol
(Chun et al. 2007). ©F2bA] @ 7] ¢St Q1IgH 4]
E9] 227t oA Halel=A] 7] RUEHS 4
Zart qlow, AQJAlEe] BE BSLE o Soto] A

29S 95t Hlo]H 2 T 4 9 Aolt
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Predicting Conyza sumatrensis distribution under RCP scenarios

— RCP4.5 Mid future — — RCP4.5 Far future —

Suitability
0.0-0.2:Non
02-04:Low
0.4 - 0.6 : General

0.6 - 0.8 : Medium

|1 [N

0.8 - 1.0 : High

RCP8.5 Near future —

— RCP8.5 Mid future — — RCP8.5 Farfuture —

Fig. 5. Habitat suitability map of Conyza sumatrensis according to different future periods and RCP scenarios in comparison to the histori-
cal period. Historical period: 1976-2005; Near future: 2010-2039; Mid future: 2040-2069; Far future: 2070-2099.

Table 4. Suitable habitat for Conyza sumatrensis within South Korea under climate change RCP scenarios

Suitable habitat within South Korea (%)

Suitability

RCP RCP 4.5 RCP 8.5
Grade
"Historical period Near future Mid future Far future Near future Mid future Far future
None (%) 22.38 7.86 7.23 7.79 8.86 4.52 1.71
Low (%) 44.24 39.49 29.63 35.50 38.36 17.53 18.82
General (%) 9.04 18.36 16.76 3173 15.51 40.20 39.18
Medium (%) 16.42 25.25 3177 22.52 26.86 33.54 28.91
High (%) 7.92 9.03 14.61 2.46 10.41 4.21 11.39

"Historical period: 1976-2005; Near future: 2010-2039; Mid future: 2040-2069; Far future: 2070-2099.

Qo= T AEA FYsol B dejagel F
7ok QAR 71531 ol Sl S B

& 2o 1712 (bio05), 5241 (bio03)©] F&F= n|x|=
_]

A0 bt 7158t Alutel 2ol ek 2920 1
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o A AN AR ZNe o= Al 2
o} e AYelelEe] BE Mske AR AES
Hst 4= glo

OB, F N4 BT AEARE Tels] 915 4
ez T8 4

AL AL
2 A7 $EUNEH S5 AA (TA = PJo1480
801) 2] Z]¢e] ofsff o] 29,
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