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Estimation of potential distribution of sweet potato weevil
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« This study utilizes the MaxEnt model for identifying the potential distribution of Cylas formicarius, and discusses the associated risks.
- C. formicarius potentially distributes Jeju Island and Jeollanam-do, and expands along most inland coastal areas as climate

change progresses.
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Abstract: The key to invasive pest management lies in preemptive action. However,
most current research using species distribution models is conducted after an invasion
has occurred. This study modeled the potential distribution of the globally notorious
sweet potato pest, the sweet potato weevil (Cylas formicarius), that has not yet invaded
Korea using MaxEnt. Using global occurrence data, bioclimatic variables, and topsoil
characteristics, MaxEnt showed high explanatory power as both the training and test
areas under the curve exceeded 0.9. Among the environmental variables used in this
study, minimum temperature in the coldest month (BIO06), precipitation in the driest
month (BIO14), mean diurnal range (BIO02), and bulk density (BDOD) were identified as
key variables. The predicted global distribution showed high values in most countries
where the species is currently present, with a significant potential invasion risk in
most South American countries where C. formicarius is not yet present. In Korea, Jeju
Island and the southwestern coasts of Jeollanam-do showed very high probabilities.
The impact of climate change under shared socioeconomic pathway (SSP) scenarios
indicated an expansion along coasts as climate change progresses. By applying the
10th percentile minimum training presence rule, the potential area of occurrence was
estimated at 1,439 km? under current climate conditions and could expand up to 9,485
km? under the SSP585 scenario. However, the model predicted that an inland invasion
would not be serious. The results of this study suggest a need to focus on the risk of
invasion in islands and coastal areas.

Keywords: invasive species, species distribution model, sweet potato weevil, invasion
risk
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AP =2 A ALt T, 4Hd, B2 5 ohdRt H
= £ U073 QTH(IPBES 2023). £3], AYE
FO& IRt AE 9 AH|A0] HAA Hofl= A 7009
=4 0 2 FA =} (Bradshaw et al. 2016). &
Yo, 71 gHstet =A] B FUIR o IAUBER
IRt Woff = mid S7FskAL Sl A7 oIth(Hong et
al. 2012; IPBES 2023). tHtH1=2] 7, 54HES] ¢ 9
ZL7t Eot AYABEL] ol thgt 1ol Aot whehA
AIBE= Qg oo s FA[sH] flofixe sU=E {4
7Fs/30] =2 oig=ol thet A 18T A Al 22 7

il &
L, mdfell AAsHA] e slisSoll thet ¥ At e
= BEIF Aol

ZNulutta] (Cylas formicarius)+ A AAX &2 o
=2 YT F stH=, " (Ipomoea batatas)E 7}
S5t oot (CABI 2023). ZHR[HH| 9] 52 715
o] £719F AT S ot i, Foliieo] Ha-=
ol FE7H1E FERTH(CABI 2023). 53] TsiE ¢
& gole s uuu o] HE F=E wet ujdE
FAe7|2 A2 0, " 2H570] shghEo] F2E o] 4]
M=z ol 7l JE/dol & waiE 71%1th(Sato et
al. 1982). ZNm]BtR]= Aol H77HA] 715 oAl A
Ao, -2} o] 3 Zitste oS Akttt S 715
o] £7] &2 3] Z1o] 1.4 mm, AF 0.4 mm7FFe] 4F
HHE WEo] /iAo R Adsty, SHo R §JFE U
B3t} (Jayaramaiah 1975). 0%, 4¥oflA 77471 A
L f3lsto] §5 717 Fet E719F 23 WHE 7sfist
of £85FS o 80% =72 TAAIZIth (Sutherland
1986). T o< 71F Well 84S F4dsf 5~102 1+
& 717t AA 3 F 6~9Yo] FAt FH EE-S AR
T} (Sutherland 1986). & U5 717H2 A& 60% 7
oA HEE thE d7EA] 20°CollA oF 84.59, 30°CollA]
oF 33.390] 285+ 202 FAF BF Qlth(Sutherland
1986).

Wolfe (1991)9] Aol E2W CylasE2] 352742
A A8 2=t (Gondwana) H5-2] @A ofLa]7}-¢
Eofl sigsh= Aol EE5HRAL, ZfulEta]= Hi&o]
& oA FopAlol 2|9 o m ZebA U2 SEAA (Old

O

0, ofN

P
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World) 0.2 285, LPnks Golulelzt g4te] 41
A|A| (New World) 2202 & 11Fute} sjujatta] o] 3t
Ae & 123} o] F Fof| ofsf| 55t FA4H 224
TAR FAHH(Wolfe 1991). 7HEHFH|E 1500 TH 9
Tof| 1quprt Hgd o]F RS Fofl A AR St
Aom FAEM, AA| YAHAIQ] HotrlolE ZokRt Hot
w27}, Botml2]7t, FEotroL, FotAlef, ofxeE] 7}, @
Aletdol 5 A AiAIZ c &2 ZAIE 42713l ATt (Austin
1988; Wolfe 1991). 53], 7Hu]dttul= hghql=tat 213
& = dEAME 2 FSiE Tl 3t (Yamaguchi et
al. 2000; Hue and Low 2015).

deRl=o] A, TAET A o o Zn|Htm|
o} 11 upEEE] (Euscepes postfasciatus)®] Y= 9f
7] 9o a4tmbE B2 WBESE (Ipomoea), MES
(Calystegia), "V (Dioscorea), M4t (Cuscuta) A=2] A3
A A= A|5HE, ZEAME( Manihot esculenta) 84
=9 Aohit ¥hlS FAIskaL Itk ey, An]Ette)=
1989 A<l yFAo] ¥eIgt v utkE w75k 2
N HEH HF A3 (Shin et al. 1989), A\t 20218
=A4b gl e so e HEE o] HIg A7t ok
(APQA 2021). T3, T tigt=HT &2 9=
218 = ®Z A9 (https://www.inaturalist.org/obser
vations/177109694) ¥} U2 =t (https://waarneming.nl/
observation/187093779)2] ¢ A0l BEaET Qlct
webA, S7Fsk e Ed R ofdd A sisES] =
W 59 AElES 128 38E M (Lee and Wilson 2010; Jo
2014; Lee et al. 2017; Kim et al. 2023), 7HR[8F7] 9] =
A E2E AAA o= whotste] ] WS nhelsh=
Aol T8 A o= Y,

AR =] A E2E HoJsh] A == F &
I 23 (Species Distribution Model, SDM)E°| &%
5] AME-E]31 Qlth(Elith and Leathwick 2009). SDMs+
AEO A 29 dES U5 £ JEe S48
Q1 7He] S Edl® o555k E@wo|th(Elith and
Leathwick 2009). J48=2] -7, 71E =& A H52 A
gm0 7|9 Beg& 5ok, o

e 5

> Xd
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M= AdelE AolA 7H kA AREL Q= F
23 B2l MaxEntE -84l 7in|urn|e] A2 L E
I 0|5} a1 2} gt (Philips et al. 2006). WA 2 A= 1)

T B2 232l MaxEnt B2 B8 C. formicarius®]
WA 2E B 75, 2) 757 MaxEnt B9= 8¢ C.
formicarius®] A A7 9 =] FA LR, 3) 7] F e}
Alute]eof Z]Hiet =] mjel 23 Ho} Kojek el 914
=oE FRE stof, @A = v HAsiE< AHuat
Tolo] 2 7Fs/dS Rolstal, =l el diHlsh] ¢
S b = ofaha g

2. Mz LY

21 #¥xte

MaxEntE 5571 S1%t Aujuiu o] Edxt=E
GBIF (Global Biodiversity Information Facility, GBIF
2023)¢ FRAEEE AES] S, F44] &1
o] 7FsstAY A =2k 2h& 0] 739 Google mapsE 28
sl Al e 5kt (Fig. 1). 1 EdA= F, 5= 9z

A9 YEAEo A THE SdAEE EX4E HES]
HYtE o, A& AR E @RS 5 §lo] B okl &
852 skt (Fig. 12 X). 44 iZh_—:H A7)
7 wAIet A .5 o] LAt gle Al

rﬂ
e g
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21212 A2E 1123l 0.1 decimal degree (°F 11km <%
o] HQlofl 17§e] &d A&7t HE5F 343} (rarefaction)
£ £85I t) o] AgE 7|E BAN 52 AdEof A 4l
m OV} AR A7t Qe AS v A FET A

AYZYE ok (Miyatake et al. 1997, 2000). &2 22 330
7H—4 SAAE T} Y olzoll E-8F ]l

Kandori et al. 2006; Hue and Low 2015; Kyereko et al
2019). w2hA, A-E7] 34 (bioclimatic variables, BIO
01~BIO19)¢t EE (0~15cm)®] EAS 8442 &8

23% |ZHSE 9 Ao, A 7|7t 4k 76t
o7 %35t 197 Hgo|H, o, 4 AA T HSET}
2k B o] AdA B0 r FAE T (Karget ef al.

2021). 7= A= CHELSA v2.1 (https://chelsa-climate.
org/, Karget et al. 2021) HoJE|Alo] Zgte BZ7]¢H
75 Z-&3th. CHELSAOIA Algdt= @A 7]5of of
gt AE71THSE 19807 E 20109 7HA] ] BEA}
555 EU= 3 oF 1 km o= A2 A= vl
2}z 9] 7%, CHELSACI A HiZSt= CMIP6 (Coupled

« Occurrence
x Discarded
@ Background for MaxEnt
1Reported (CABI:EPPO)

0 2,500 5,000 10,000

km

Fig. 1. Collected global occurrence records (black dot) for Cylas formicarius and reported countries (gray area). The red crosses are occur
rence records discarded in the modeling step. Countries with occurrence records are colored in thicker gray and used as the background in

the MaxEnt model.
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Table 1. The environmental variables used in this study

Abbreviation Description Unit
BIO02 Mean diurnal air temperature range °C

BIO05 Mean daily maximum air temperature of the warmest month °C

BIO06 Mean daily minimum air temperature of the coldest month °C

BIO14 Precipitation of the driest month mm

BIO15 Precipitation seasonality (Coefficient of Variation) -

BIO18 Mean monthly precipitation amount of the warmest quarter mm

BDOD Bulk density of the fine earth fraction cgdm™

CFVO Volumetric fraction of coarse fragments (>2 mm) cm® dm™ (vol %o)
CLAY Proportion of clay particles (< 0.002 mm) in the fine earth fraction gkg™

Model Intercomparison Project 6) AA=E &8t} & 5
70€] GCM (General Circulation Model: GFDL-ESM4,
IPSL-CM6A-LR, MPI-ESM1-2-HR, UKESM1-0-LL,
MRI-ESM2-0)°] 4F&3t 37]19] F-FA2] 417 = (Shared
Socioeconomic Pathway, SSP)2] 3 Alute] @7} &85
At} SSP126, SSP370, SSP585. ZF Alute] 2.0 A 2=
ol AHS] - FA AR 71 S At ghete] 4E o7
£ Ediz Fo3t Hgoln, §o] & 2= 7|EY di#s
7 & (Representative Concentration Pathway, RCP)2]
&9 A EAPIAH (radiative forcing) <= 2Jn|t
THO'Neill et al. 2016). ], SSP126> 7] 19} #1t B
LSP7E AeS] -y =AY nHE TR AU =M,
Al Aluele 5 7H8 383 nlEE 011”3 = AluEle
T}, SSP370-> 7|5 He}t 233 ¢e} wF Aufjshal, 2|9
ko] A5l AotE= Ay et SSPSSS% 7153} &
sloll= Aufish, S SO S olFoiulo] 7]
FHSPL 7HEetE = Alvteled vl A2 20558
(2041'8~2070F) <} 20859 HH (207119 ~2100) 2] HWA 3f
o] Z-g=3lt}. wEtA, GCM-AIFE 9= o]F GCMHE
ANE Fatsto] ZF A e E ST

HEO| B4 Zta+ SoilGrid250m v2.0 HOJEAS &

£3At}. SoilGrid250m= A AA| 240,000 7] A|HEL
SHAARE 7|Hto 2 53 VAR Y-S 283 250
m o] A2 =Tt (Poggio et al. 2021). i TlO]
EAle A 29, 7|5, 245 2 S=~Fetat I 40070
olAtol FHEES &-g35te] EA 671 =(0~5 cm, 5~15
cm, 15~30 cm, 30~60 cm, 60~100 cm, 100~200 cm)®ll th

s et B4 Ah2E AESHL Sk 2 dTelME B
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& Tt WS A3do] 2= Bulk density (BDOD),
Coarse fragments (CFVO), Clay content (CLAY), Soil
2 gt} sfnjuttn]e] F &
BEEOIEZ 7 ¥E&HEZ 0~5cm, 5~15cm
ole] et AE B ol Golo] wet AMEHEe
o 0~15cmE HWEZ = U= Fd As= 3 o] %
CHELSA®| =721 = 4 sl ol B0l 2.
THT SFHFE 235 (BI001~BIO19, BDOD,
CEVO, CLAY, SOC) 7t l% 554174 (multicollinear-
ity) BAI7H 91 4 glonz, Mg A 2R S

4
& Al A 31 G oug e

organic carbon (SOC)=
E OﬂOﬂ 8

HE fl

(masking) 3T}, ©]F, Pearson A5l Adizto] 0.7 o4
Q1 #o] gl wj7kA] A3t Pearson A=l 7|49kl Al
Hhet o]& WH4E9] VIF (Variance Inflation Factor)S
AHEste] VIFZE 10 oV (344 24171 sle W) |
5 AA ?Ji‘ﬂr(Chatterjee and Hadi 2006; Naimi et al.
2014). #5222 BI002, BIO05, BIO06, BIO14, BIO15,
BIO18, BDOD, CFVO, CLAY7} A1 =] 31T} (Table 1).

2.3. MaxEnt 29

2 Aol 4= MaxEnt (v3.4.4, java standalone version)
£ &8t Zfujuttn]e] 25 | ZFT(Phillips et al.
2006). MaxEnt 2 @-> 7] 4|85 (machine learning) €17
252 HHAEZ 1] (maximum entropy)©l 7|5tsto] A3
£9] S8 SHHS 7o) AATAR i A= A
£ e ROfot= I F Ex HYolrh

MaxEnt= A3 x| #2 252 4] (background)



AA ol thgt o] 191 SERE n(x)= FA ol
A4 x9 #E &E qi(x)2> HHS (environmental
variables), 57 HE| (features, f), 121 7F&2] HE (1)
= A9 4 9= Gibbs #XEE ZE=th(Phillips and
Dudik 2008) (Eq. 1).

exp(Xfq 4j£())

9 (x) = Z (Eq. 1)

2= L qx)7h 10] HE5 24shs Aet g4olH, 7t
A HElE S552 Foll m/le] TESHE EAA A9
2195 (log-likelihood) 7} Z|Th7t == gho & 2| 2]al=
h(Eq. 2).

~ Y In(qa(x:)) — 27y Byl

=

e
)
~

N
~

= Al M7 H S (regularization parameter) =,
Aof tigt @2 ¥ (width of the error bound)
njgtet, @2 ¥ F?1 MaxEnt= 19] 7] 23=
Regularization multiplier (RM)E X4l A A=
A& 4= 9tk (Philips and Dudik 2008). E3H, £ 2] 7
% Linear (L), Quadratic (Q), Threshold (T), Hinge (H),
Product (P), Categorical (C)E= Al&5t™, AF&EAT ¢
Sk 2ok A9 4= qiok oeh, 171 A9 7% gat
Aoz Kol APt 5ol 2 Aer g 3§l
o] & WA 9 MaxEnt9] 7|2 AAoA= A|ej=]o] 3Tt
(Phillips et al. 2017). @2hA RMZE] f Z9HS Tt &
o] dAste] 2ol st RM2 0.1, 0.5, 1, 5,
10; f= L, H, LQ, LQH, LQPH. t’dA] Z3 (background
points)<> =H|H R4 FAE91= 10,000712] A

T

N ]
N e do dm

TN

b2 FEUTE B3, darglgo] A3k 4= = AR
ZS55] AlFol7] Yl §¥HE (iteration)= ZH 5,0003] 714
TRHL 4 A== A5 0] oS A= cloglog

(complementary log-log) W& &5t] 0014 19] 3te
BEHH, 04 A 1EY, 19 A &3S 9ueith
2|4 13 o] A2 Receiver Operating Characteristics

(ROC)2] Area Under the Curve (AUC)E 7|§1o2 4=

Pt AUCE 00114 19] M€ 7= Aol 0.59] 3

S B9 2 FUT FF, 07 oYL B F2,08

o1l 7% e E2) 0.9 o] BE &2 9]

Tt (Swets 1988). 22| AF2 wAHHZE 109](10-

fold cross validation) =35} Test/Test AUCE 7|RFS
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= {7t oS EWE 7H Test AUCTE &2 RM &
£ 232 T Yo R AAFE BP9 &2 AA
H 2T B 8ol eAstR e, 4o W] &
8742 Jackknife test, 7] (contribution), =& 8%
(permutation importance)& 5ol w45}t Jackknife
test= ZH2+o] W47 thE o 2 ALgH 499} A o)H A9
o] JHF HelkE stk A 7ot 7o == Y
O] I oA MpE9] 7]o=E HAE Hrg 7}
StH, &4 T o= 470 i g dol= AeAE 4
- Hot= P 9] Training AUC H3lFS HAIE =2
37t

F7H o 7, Stgo] E8H SFAHES A5 W
2 5, 10, 30 HANEF (percentile)= AAX]= 4k
A FE AL SEetet WA WA Aqto] Z-83th
5MTP (Minimum Training Presence), IOMTP, 30MTP. ©]
£ MaxEnt 20X AEshs YAA F shkel 10MTP
£ 7]5Esto] A E gholth

A7 Aedt Arsd A2l e R WA E2 28
Stof =P =Stk raster, rgdal, usdm (Naimi et al. 2014;
Bivand et al. 2023; Hijmans 2023; R Core Team 2023).

L}

-
e o
oy

o

3.1. MaxEnt 2% % ZH2

2EH 02 RM 0.5, 54 LQPHO| X232 AH&H 13
| A= QI 29 A5 A2 Training AUC, Test AUC
© 217} 0.95,0.94%, L@ | 5] - EF7t +EA
= O|u] 3t} (Fig. 2).

Jackknife test 23}, BIO02 (B w27t &
SES W M =2 AEGS 7= AR 24
T} (Fig. 3). BIO022] Response curve= Ha5
& ol duAprt W2 A Aol A =2
Aoz Bt (Fig. 4). °lE 1 &
2 SlerA At AR Ee] th FA
Eth(Fig. 1). A= o 7P JHEG] &4do] &,
F(unique) §F == BIO06 (7HF 52 22] A7)

2 A%t (Fig. 3). BIO062] Response curves 2t
W, Fot=2 H3tE = F9HE 25| B oFs0] 7

BRI 4= AUt (Fig. 4). ©l&= ZHnluba] o]

o

i,

o Hi
lo

i
ret
ol
il
i
b r
lo R 22 2 1S oX ¥ i

of ol
o
lo Hu
Hu o i
o 0,

By
MR

Fr‘

tlo

=11
ok A
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H
o

4
filo

oEe] A2 o] FAT RAYL =
59| Avle] Foleks Avtolet, Eot

Jackknife testoll A AJtH & o2 A2 FFES 2l

-l> Wil r& M

T g0 o 4
3:9.
_u

L¢E«1 719 24 A3 BIO06, BIO14, BIO02,
BDOD Y] ¥2] 7]l 9to] 90%E Z3tot= 2o & 3t
1= ATH(Table 2). 1% BIO06°] 2E = 71 7|
719 A=) (36.9%), Jackknife testo] A & 915195 A
=4 AE 7Fs/do] Auptta| o] iz 2 FFEel
22 9Ju|gtc}(Table 2). BIOO62 <= S8 = 7ol A

T 7P =8 FR5(55.2%) 8 EATH(Table 2). BIO14
(P Ax7E 2o 4= BIO06 THEOE &2 719
o He 5 0P w2 7)Y

T (24.5%)8 HPow, 7
T2 H3tH(Table 2). BIO14= Sh5H W9 5 Adido
292 d90lA =2 22 S5 B3l (Fig. 4). o=

ZajEtetu| o] Skt A] AH ESRE 1l 5017k 50l
FEoto] BEO| go] 4 A== Axd 7|5 H2A0l &
oIt EYE 8ok ASANE 11T A Fatt HeR
A= E T (Kyereko et al. 2019). BIO02+= Jackknife testll
A EEo R ARSE S 7P SRt HedAeh 7)ok

£ 3592 (18.5%), w8 TAEE 2592 (24.3%) £4

=]tk (Table 2). B4 ¥ HEE2 Aoz W2 7]
Receiver Operating Characteristic(ROC) Curve st -
- oS Hyltt. o= st E8d A= sdETE of 1
Average Sensitivity vs. 1— Specificity
101
09
Table 2. Percent contribution and permutation importance of the
& 08F variables
o
g 07
Zg - Variable Percent contribution Permutation importance
S
10 BIO06 36.9 55.2
g BIO14 245 39
- BIO02 185 243
- Mean (AUC = 0.942) = BDOD 12.2 5.2
01r Mean +/- one stddev ®
Random Prediction ™ BIO18 3.6 1.7
0o
OTO 071 0,2 073 074 0?5 0‘6 077 078 0?9 1?0 CFVO 7 11
1-Specificity (Fractional Predicted Area) BIO15 1 72
Fig. 2. Receiver Operating Characteristics (ROC) curve for MaxEnt BIO05 1 09
model. The red line indicates the mean of 10 replicates, and the CLAY 0.6 0.5
blue area indicates 1 standard deviation.
Jackknife test
BDOD ' : : : : : : : : 1 Withoutvariable =
0 BI002 | With only variable =
Q With all variables =
8 sl00s 1
S sioos 1
g BIO14 -
9] i
£ BIO15
c 4
S BIO18
2 crvo 1
w
CLAY ]
02 0.4 06 08 1.0 12 14 16 18 20

Regularized training gain

Fig. 3. Jackknife test result. The x-axis is regularized training gain. The deep blue bars are “with only” test results for each variable, and tur

quoise is “without” test results.
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Response curves
BIO02 BIO0S BIO06
10F T3 10F T 3 10T T3
00 — 00— yE— 0.0 —
1.2 16.833 -2.058 44.080 -36.400 25.485
BIO14 BIO15 BIO18
10 F T L 10F T ™ 10 F i
05 1 os -I\' 05+ l .-
00 =3 00kt = 00— R
0 583.458 7.247 180.112 1.005 3482915
BDOD CFvVo CLAY
1.0 -w:: 10 F | — 10F 7T | E—
00k rd 00k - 00k M
34.547 168.96 0.702 433.178 20583 820278

Fig. 4. Response curves for each variable. The red line indicates the mean of 10 replicates, and the blue area indicates + 1 standard deviation.

« Occurrence

Potential Distribution
mm Unlikely (0-0.12)
1 Considerable (0.12 - 0.21)
mm Certain (0.21 - 0.5)
mm High (0.5-1) 0 2500 5,000 10,000

km

Fig. 5. Potential distribution of Cylas formicarius under the current climate (1980-2010). Green, yellow, orange, and red colors indicate the 5th,
10th, 30th, and 100th percentiles of training presence, respectively.

km FFolojA EQFe] &84 AT A4 £ A3 1t 32, X £FQ FEX o)X Zyt

o] RN sF=o] Atdo] oA, thE HaE

B Fw5| ] 225 5T 4+ §lof A %Lwﬂ MaxEnt 2% % AmpEbta] E@ 213 Q1T 219
& 7]o7F gojl o m A7 HE B W FolM= ol w2 232 SES S on, I % ofdd

BDOD7} 7FF =& 7|9 &= (12.2%) S 7HHo, e ¥ Z]‘ﬂow =2 %—E@%— ek (Fig. 5). £3] a9t =A]

QleflA Rk o] ZAT YA R =2 oA HHE 2| HefA & R ghEo] dS5E gl oH, tFEo] Hot

Zrol A& \AHE H3ITh(Fig. 4). Alot, FEotAlel, eAlot ol 7oA A4 ZFER A

http://www.koseb.org 5
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£ ﬂgOl oS ke l::a e} 20l 4] A}
o} F747] oloj Az Ao B &
B N A
A o B SEo| dZE|gon, Zu] 5 o

rlo
Mo mi Mz Ho of

o 18

7 F7VE Et 2 BE shEo] oS E gt
1] 9 CABI (2023)°] E11¥] 7] ¢k x|l th

12
oI, A AAAE Aol A gl A FAA 22

shgo] & A0 oS5k (Fig. 5). ol i)
RUROR BEY 5 92 B9 AAHOE WPt 2
o O

THEAL, & A
19 A =32= Khoury et
37ake] opy 2AFEC]

A °fﬂ—°* ZNmlepE] o] e
al. (2015)°] Aol A AAH
A 3ot AR

ot g7t theFet H 7ol A %1 ¢Jo] Hig]o] glo
(CABI 2023), A4 EAAHS &Rl 4= glof & A
Tl A= Avkel ot alzt F o=, nirpri Azt 2] ot

= 29 otgol 28 5 2YS &8 ot}
Ao disf &3 A, Abstet old w7 5 Akt
7Pk =P (F ] 5ot 591 105k Ato))Tt RO =
7Fe (A, ©AYoL, A=, gotze|7t el 5)ol
M=o By 5 B on Hofngls} 2]olo] AL 7]
SME whet it HollA gRe wet o] Fi 7153t 7
o] oIS = SITh(Fig. 5).

o] A A5l Eot = AGET =g A
Kol AR el 22 gt A oA f{oju|dt 459
x st Bolov e tiS T 22 tiat A B Ao

Hm

2 dIS=R] AU (Fig. 5). ©l= F8 EEA ob2] o
Aol K E|z] ghgheh= Aol Fofsh= Ao, W A
=4 7|9 o= Hlr,

33. 34 22 o5 Zat

@A) 7155t A AAuisiele] FA) LI AF} A
T EAZ oA E2 X gEo] dSE o, tRE
Ol Y5 A2 B2 gHEo] uf¢ W2 o= AZHIth
(Fig. 6A).

A pule] WA REE 7 FHst AgEd] ot

D9 Ao 2 SeE|%ic (Fig, 6B~G). 1l WA B
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A: Current (1980-2010) N

Potential Distribution
funlikely (0-0.12)

> | |Considerable (0.12 - 0.21)
fiCertain (0.21-0.5)
0 50 100 200 IHigh (05-1)
S KT

B: SSP126-2055s | C: SSP370-2055s | D: SSP585-2055s

Fig. 6. Potential distribution of Cylas formicarius in Korea under
the current (1980-2010) climate (A), 2055s (2041-2070, B-D), and
2085s (2071-2100, E-G). Green, yellow, orange, and red colors
indicate the 5th, 10th, 30th, and 100th percentiles of training pres-
ence, respectively.

O] Shit P 7] HS}t Grof whet 11 97 MR
SSP1265tel A= 2055 thet 2085t B HAEA] S oY
Qb Fofgt AR EARGo g AE SfjE Ao o=
=] th (Fig. 6B, E). SSP3705}ol A= 2055t 2] o= 4
V= SSP1263 AP O U 2| H 0% A% w2 SHES
HAAL, 20859 ol] Falih A, S A, A7) Sl
QbR UK Folete] ), &1, A SRR A &
Z7} =] 2tk (Fig. 6C, F). SSP5853519] 4= 2055 TH
off S HiSt A Hoflx o] o] 7Fed A o= 5HA
o, 2085 toll= A7) Mt 3H, A A7 =9
7Fedt A190] BT Ao & ASE Ut (Fig. 6D, G). 1



Table 3. Potential area of occurrence of Cylas formicarius in Korea

Threshold Scenario Year Area (km?)
Current 2010s 2,166
2055s 3,930
SSP126
2085s 4,102
5MTP
= 2055s 4,804
(=0.12 SSP370
2085s 8,640
2055s 6,420
SSP585
2085s 12,646
Current 2010s 1,439
2055s 2,906
SSP126
2085s 2,956
10MTP
= 2055s 3,460
(=0.21) SSP370
2085s 6,127
2055s 4,362
SSP585
2085s 9,485
Current 2010s 485
2055s 1,483
SSP126
2085s 1,537
30MTP
= 2055s 1,923
(=08 SSP370
2085s 3,099
2055s 2,379
SSP585
2085s 3,626

o, ZHujubre] o] FA BaEs EARE 9 At YF
o] A F YR 2| A gHito] of2& Z 0= o
SEQI o= 15H Byol =2 ALE 7| 22 g
WS 7= A oA E& X FES ASoHES o
SH AoA 7]Q1e Ao 2 Atz Hrt,

A 7¥A] 52] YA ] (5MTP, 10MTP, 30MTP)e]l 7|Ht

of FgAH o R Iy 7FHe S HAS AES 3= Table 3
ol gt AAAE Zulutta] o] A HAY HAL o
A 7155to| A ZF 2,166 km?, 1,439km?, 485km’E ollZ
Q. 715 sk Aol whet A HAe 545 5
7¥stelom 7Y AZket 715 S AlLke] @91 SSP585 Al
2] Q 7]% sMTP ARE Al 5.84H, 10MTP A& A 6.64H,
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30MTP AHE- Al 7.5817H4] gt = Q& Ao = o=
.
4.1 %

T F EE RS e A= HYdse HY
Ak 1ol 7]ofskal L O (Kim et al. 2015; Hong et al.
2019; Kim et al. 2023), 720 AT ARE2 =4 T4
o] % A FAE ROl5lr]| 915t FAH o072 43I £
s @A W g Bare bp glov Aot
ol AEHA = AAA ST Ade AAAc =
Hshs F24S 7L Qo= FolA 71 d5-5 2
B0l Sl ol gt AAIA T %%ﬁﬁ% H ﬂ
Hofl A AAupatta) o] s F- Al EAY 7
A3loh= o St g Aoz 7|4 _E’r.

2 AFollA AmEa] o] FA) 225 A5
FEO| A gHEo] 7MY w2 Ao r AYE I (Fig. 6).
AFEEAA e A9 =7 7 =2 A[A
A=, AR obyet sie] A L] W 47 Wt &
A 919 ES ES Ao w A A= 19601 H 9
1970\ dtoll 778 Yz ot FFAER A ZRgdol Al 574
£ F95te T8 A=elglod, e 1 ARE AEF
7} 2pA] 5 f1Fo] "ol AlFEEAA T W AEf HA
100 ha, A34FF 2,000 kg BRFC.2 ZHAFHTH(JATC 2016;
Supplementary Table Al). §F¥, &< (Daucus carota)
= AlFA| o] Aitere] A= Hf& 60% old= ARt
= u]-$ 593+ ZH=0|tHJATC 2016). Muruvanda ef al.
(1986)°l T2, Zju|atatul= AR ofu e Tof A
T A dute] AR msiE & 4 Qlrt. whebA, Zin]Et
TFot AAsA o AFAHor JY - A A4, I
Agte] moE Azdolr] 915 o] QT 07 Alm
ok

ZupEptn] o] A FAE= A A oM w2
A= s Howdl, A A2 AnjEe| o] & 7)5
ol a1ute] Agatijo] 7p4 =2 2]oJo]tH(KOSIS 2023a,
Supplementary Table A1). 53] al\dw-2] -9 HEald
A atap AAEE AR e, At A2 2020
| 71 ©F 2,000 haoll Eoto] H=ollA 7 W2 a1t
Afel WA ZER] AL Q= BT o] TH(KOSIS 2023b). =
Y|, B A Al wp2d 715 st Aol wtat

E
o
S p
1l
B
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SRS A2 Fimlubta] o] A A o] ml-$- Agtet 2]
o2 Jekd 75730l = (Fig. 4). wekA, ZHoluttu] €]
Aol o]Fojd A9 =l 7] x 224 T 7 & A
o7} AT A 0= o/

Aujapte]e] o Al A osiE A4t
M =il 59 & 25 B4 FAVINE
wojof giet, 4, ZHmlEtta] o] 24 Ui 3] 9)& WISt
7] 15 B HA (mulching)= &l & 1
A5t= Zlo] ZQ5H AEA g4 7|Ho 2 oA
(CABI 2023). €¥r¥og Iy 14t 57he X7
A% ue} EFa WAE 9o v
AZEH(RDA 2018). B2 F7H4]] g2t
st AjujutTa|or 2 SE v xR <
g S glek whe, Fu) Do} 7t 2
2 A 712 =2 Bt glet. Sl
%, ZNajekta] o] oz dAyet 7
59 T2 §24& stAY, 2 A5 AlE Hote s
AAE B} QITHCABI 2023). TF0H= 1Zto 2 9lgh 4=
& ool A2 Ao=m deA A OU(RDA 2018), 7HH
v A eF 22 A dsiFo] WS ¢ g AFo =] A
Sto] H Qg Aoz WZAHET) ¥ (Oryza sativa), ot

3 (Cicer arietinum), I2|FH (Coriandrum sativum),

tlo

2
sk

i)

= o
I
mlm

ool oz o
_N_

L B
=
<

e AE
%

28 (Cucurbita moschata), 5 (Raphanus sativus), B
4l (Foeniculum vulgare), £ 15 (Vigna mungo), =%
(Vigna unguiculata ssp. sesquipedalis) &< Zr&&°] 1L
oo wizol AE A Aol ZeEst §ol

w5} Rolrl o= WA ok, mrnte) 4% E
o A 98 TS EAH(CABI 2023). 55] F£2] 7
9. AN AZE F 54 SRl Jejdom mT0)
7Pl o4 o8 1 e N e
Kz AE TP5T Ao a AeiA o] Folrt Wasitt
(Muruvanda et al. 1986). THetA], ZHu]Httu]2 Q19 o]
3 18 Al 7 2] 0] nt ETHEo] A&l o &t
22 Asst 4 Qe ZAEES BEGEl s AHEEC
T8 FEol tit Zujuttn] o] 7 R et 7] =
7t g a5t

AT 4%
HAA el tis =2 = AAR, 2
7|5 Hsto] mhE B HolE whotA] 2ok o

ot EFC] ofsfetd] 542 71 5Hste] G2 ot A7

e rr
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Hog = 7|1F AU EYPA (pedogenesis) 13
of] zfo]7t A 4= Stk (Rounsevell et al. 1999). =335}
A, @A 71595} Ate] oo w2 A ) E"W
2= AR dFolnt. Tl HUcle] A7 FAE

H] - JeFshe I oA B Aol A diEo] -8t ¥
(BDOD, CLAY, CFVO) E¢t & 932 S
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HiE A4 AElES 23l o, A5 2 HehE A
Pot7] Qall AFA LA TS 7|2 A7t HaTd Ao
2 AtgEct

N 9

v Ry d =
A7golet. & A= oFAl =il A UshA] Ft A AAA]
o=z E& 27 5, NREE] (Cylas formicar-

ius) 2] A E2E MaxEnt 2o %P%GH o} Az
T o E8 AR 9]- 25w BE o] EAY} B3t
Hr5S E85 2¥2 7517t 24 Training/Test AUC

F09odew UH% drggo] =9t g8t BN
= SoME 7 = 2ol A2 (BIOvs), 7HE A
3 20 4 (BI014), B A XAH(BIO02), -84
I (bulk density, BDOD)7} 23 §i42 BA =l A
AT 22 A5 A, 2] 29 =7 =2
= e HoH, @rlo] ¢ A FskA] g2t
o =7t w2 FRLES HO X}XHZ* A o] 2
Ao A = FA ZEE 5t 23 AF
of A FA SRl o] FA) 22 2HEo] v =34
SSP (Shared Socioeconomic Pathway) Alua] Qo] gt
7|5 R g 2R A AA B2 A= sijke o
2t S A AR 2 A 0] ZJ-¢ 10MTP (10th
percentile minimum training presence) 12| 4-8A] @74
7155114 1,439 km* %12 ™ SSP585°114 2T 9,485 km?
7HA] g E 7hsAdel Sls ACR ASE i B W
Ao R =2 Fi % AS=A] kot A= LA - sf
A A} Ade SHALE div]sfor & A o= A
=Hoh
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SUPPLEMENTARY MATERIALS

Supplementary Table A1. Sweet potato production (Unit: kg).

Year Jeollanam-do Jeju-do Total

20M 70,175 1,553 255,284
2012 82,898 2,076 342,668
2013 72,985 2,823 329,516
2014 73,745 1,1M 322,071
2015 74,779 1,299 294,655
2016 83,345 3,065 341,225
2017 86,685 2,952 324,960
2018 94,862 1,385 305,304
2019 138,011 1,598 368,324
2020 97635 1,054 329,927
2021 108,081 1,803 348,912
2022 109,065 1,347 337153

Source: KOSIS 2023a
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