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Abstract: Among migratory insect pests, Mythimna seperata and Cnaphalocrocis
medinalis are invasive pests introduced into South Korea through westerlies from
southern China. M. seperata and C. medinalis are insect pests that use rice as a host.
They injure rice leaves and inhibit rice growth. To understand the distribution of M.
seperata and C. medinalis, it is important to understand environmental factors such
as temperature and humidity of their habitat. This study predicted current and future
habitat suitability models for understanding the distribution of M. seperata and C.
medinalis. Occurrence data, SSPs (Shared Socio-economic Pathways) scenario, and RCP
(Representative Concentration Pathway) were applied to MaxEnt (Maximum Entropy),
a machine learning model among SDM (Species Distribution Model). As a result, M.
seperata and C. medinalis are aggregated on the west and south coasts where they have
a host after migration from China. As a result of MaxEnt analysis, the contribution was
high in the order of Land-cover data and DEM (Digital Elevation Model). In bioclimatic
variables, BIO_4 (Temperature seasonality) was high in M. seperata and BIO_2 (Mean
Diurnal Range) was found in C. medinalis.The habitat suitability model predicted that M.
seperata and C. medinalis could inhabit most rice paddies.

Keywords: Migratory insect pests, Species Distribution Model, Maximum Entropy,
Representative Concentration Pathway scenario, Shared Socio-economic
Pathways scenario
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H]2f 3H%(Migratory insect pests)+> sHEolA 74 A
o] = Y2 FYolM BATE Bl =l & dELS
= FHE = golH, 7|5 Wtz Qs dF 9 E
z+3} 7HsAdo] ok (Kisimoto 1971; Oku and Kobayashi
1974; IPCC 2021). B (Mythimna seperata)< 7|
F 97 E2 A sisor B, £, S, UlR B
SHE 220 ZtefistH, 1€ Bw-2=7F 0°C ol Y
o 5 FH=z dsct7]o] el &71Hs5teh (Li et
al. 1964; Choi and Cho 1975; Salama et al. 1992). -5 A|
71el F& 715 A 7toiskH, 4857 H Rele
o] Qo) wholl 5%t (Kim et al. 2012). U
(Cnaphalocrocis medinalis)< , W7, AtZ3} 52 71|
Sh, o Wat7]-20] 11°C o|5k7F AEEHH ALFEC] &
7¥sto] 95-g o 4 itk 4 A Utk (Kisimoto 1971;
Choi 1973; Fuse 1978; Sato and Kishino 1978; Wada et al.
1980; Khan et al. 1996; Chintalapati et al. 2013). 5 4171
of 7159 & A== oA At H 11 Stofl S°17t
A AT (Park 2006). BIF & =il A & 2~3A41H) &
Ao, R Ao 79 Holl A 89 Zofl 14 AAF2
274717} 94 x4 9d Dol 24H} 4452 FH717F o
EPAT}H(Choi 1973; Kim and Choi 1984).

Szl A W F9 BHE ZAE e HFe] &
= got 9 WS 98 2R e Faslt 59
ZRABAL %0 AAA L 7Fe} AdaA] A
o] %E}(Southwood and Henderson 2000). =0 HeF
== AR 2ol uet s, 9 W 2 AEo] A%

t

o, G71toll AA ATl FElgt 2|9 e r o] 55|
T 3t} (Parmesan et al. 1999; Bale et al. 2002; Deutsch et al.
2008). &% Aol M= AA AR o]Fste] A2tst
v A A, B, A S AEH 9T VI 2 2
HAEA AlHE S5 ofjof 7Hsstet

IPCC (Intergovernmental Panel on Climate Change) 62}
B (ARGl ofstH 21417] SH7HA] @ 2] 2471
2 HiEFS FATH, 20409712] 2| Bk 2E7FAF
s} o] tiH] 1.5°C e AR HAYEHM, 2147 F
B AT AR 2EE 44°C ST A oR AdEH
(IPCC 2021). AEZAR]1 7| FH3}= 7jA|4 o] 5= &, Ald
25, T AA He 2 AT 2-gof Wbt yepdth

Mo r

Estimation of species distribution of two migratory moths

Park et al. (2014)-2 TRt 7|5 71 QolEAd e
(Thrips palmi) ©] A AAAE AS5sH7] Sl 2ot &
&, 99 s 7IRte 2 AT Eold AeRisE
o|-gsto] 7|5 WS} -3 Qo]F A o] =] #E 7hs
42 AISsHR e H, o]ef HIS=SHA Kim et al. (2020)2 4
=21 ¢ gdety}Auta] (Bactrocera dorsalis)ﬂ = 2
Fs38 A7sio, ol B8/ %9 5 Sol=l A
ol stnt. AT, El A2jH Fut 7]
o 447 B 7157 B R apE g
, Hong et al. (2019) T. palmi®] A A A oA|Sof A
=9} BE0] RCPs-SSPs AlUtE] 2. of mh2 ulef &
A A A= E ol-&ste] /MAE Y-S =& Park
et al. (2018) 2] Hete 24 vl o F-o] F{HLE
Aol 2, uld) T e Rue o) 34
2 B4 9T A s o W)
Aokl 159 Wt B, SHE 2
e 8 el 5 )
Z4Acky shock mebd 23 A2
g RS 715 ", 715 whE
5 7FsA 2 9F 7sAdo] AR
(Skendzi¢ et al. 2021), A AEFS] &
TERYL o] AerFHet
S A Ak TRt A S0l A @77
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Z]OF St} (Pearson et al. 2004; Hong et a
7| &5t T SiFo 2E B =
9] &% A= (Occurrence data) ¥ A A%
Z3}5H= SDM (Species Distribution Model)= ©]-8
T} (Franklin 2009). TFFet S 11252 283 SDMO]
%310 W, 115 MaxEnt= @A) 71 &05] &85
3l |t} (Philips et al. 2006). MaxEnt+= Maximum
Entropy ¥ e|ES &-83t 7Alotsngow, £ &9
Atz E o] gt Hago] T 9 A 34 54 o
Foto], ob2] S| 92 oA o] & FES FT
4= 1t (Philips et al. 2006).

2 A= 28 7IZF Sliol A ZA17F B BTt
o] dish =Wl AA12] AeH/de RCP 7113} A
e eof mE 27| St H7|$ 2t mE ARgStH]
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& 479 F3HA MSls o] dete 2 Ad7gs)
9l @A (1970~20009 B) et
20304 (2026~20359 HF), 2050 (2046~2055 H

o] % A=E 201620181 oFS] ZAME T €2 &
A A= (Park et al. 2018), =752 EH S HE A AH
(https://ncpms.rda.go.kr/npms/Main.np) |4 A AEE
ol-gstA o, BT ] 7-F Jung et al (2013) ] At
I o]-8-5F3th (Appendix Figs. 1 and 2, Appendix Table 1-4,
Supplementary data to this article can be found online at www.
ebrorkr). ¢ Aae A4 ARE IS5 A9 5, |,
29] GPSARE o8t 11 H1AIE EAsAth 23 A
= % oF] ZALE o 92 A== Training data, =75
Aaeis ALY 9 =wold IS AR Test data
2 FESY 2™, Training data= 2 EA |, Test data
+ 23 A5l AHgsklet spmell AHgstr] Sk &
& A=t g Aol AT EHE FHA A7 (Spatial
autocorrelation) ©| TS 4= Q1 © B (Franklin 2009), ©]
£ 23517] 915l arctoolbox®] ‘Average Nearest Neighbor’
= AFgSt] &9 Ak P 227 H7] 91- A
£ ot BE ARE FYEEt HEE ST Brown
2014; Hong et al. 2019).

2,

ri¢
re

A
%T

_.
f—
0=

2 (Bioclimatic variables)

r

Aol AHEE 71% &= 30 arc-seconds (~1
km?) S EE 7H 30E B (1970~20004) € =
I8 HA7E, A AeE UWERH, Worldclim 4
A&-5t= raster T O]t} (Fick and Hijmans 2017). RCP
(Representative Concentration Pathway) A|42] 2= IPCC
(Intergovernmental Panel on Climate Change) AlsAF Hal
A9] RCP 2A7FA AU & ARES A 2] 7|51 Y
(HadGEM-AO) ¥ A9 7|5 23 (HadGEM3-RA) S 2 4F
SH T 2o ) 71598} Ay olH, % 247t
HEF 7] 5 5 Hsto] whet njef 7|2 2 A
= FAT AUg ol o] F 2A4A7EA A Aol
Y% RCP 4.5 B 24A7FA A7 A o] AP=A] b

2713
=

> o ™

216 (©2022. Korean Society of Environmental Biology.

RCP 8.5 AL @ & AH8-5H3TH

A& 71% Hape AEotolA onlE 7= HeE A
dst7] flote] whe Aer o, 25 D AEoA
oJn|et FFE A= B F 19719 AFE o] FolA
AUtk 197119 A= 71§ HPE Bt Aol A BT AR
£5H HH o544 (multicollinearity) o] BrAgr 4= 9]
7] wjEol 233} o]F o] Pearson correlation coefficientS
ol £0.7 o0 w2 AUBAE A= HEES Al
Qletdth 1 AT} BIO 1 (¥ TF2:), BIO 2 (w2
21, BIO_4 (LE=AZA), BIO_ 12 (974%), BIO_13 (]
4 ), BIO_14 (149 A%, & 6719 M7t
A =] Tt (Table 1).

M of\

R )%

2) H|7| ¥ (non-meteorological variables)

H AT = EXTE ZE (land-cover data) 2} 2] EIT
%% (Digital Elevation Model, DEM)= H|7| ¢ B2 &
Lt EX| T E 3= SSPs (Shared Socio-economic
Pathways) AlU2] @5 AMESER O™, 24A7EA & ALt
2] 2.9} oA ulE Ats] FAMSHE 7IEo = 7]l
gt wje o] ghelet A5 rgof wet s7o] Ay e s
TFEEW, JALFA, AAEE, Zladd, AEA a4, 4
A, AFe] A A7) Ak 5] RAF AER Ay o]t
L Ystof| A A5 AFEE= SSPs 1~32 A8 T (Song
et al. 2018). EX| T 5 22E T4 (1), 57 (2), A4 (3),
221 (4), 5A(5), WA (6), A (7), 71EH(8) 2] sh¥1L<l
S2 4=

Park et al. (2018)014] T LpiFe] 23 Wi} w2 4o
o] JFe =tk shaich wheba] AEjAQl S gL
o] 11k F3F F85ittal kote] SRTM (http://srtm.csi.
cgiar.org/srtmdata/)°| A A|-8-5H= DEM (2| 21LE )
= 28513t (Table 1).

3. MaxEnt Modeling

2 Aol MaxEnt (version 3.4.1k, http://biodiver
sityinformatics.amnh.org/open_source/maxent/) & ©]-&
519 ROC (Receiver Operating Characteristic) 419]
AUC (Area Under Cover) #t= ©]-85to] AL g 45t
T AUCE 0.5~1.0= UERH™, 0.57F Yo m fofn|s}
A e WEHAL, 0.7 wlgteld Adskz] ¢4, 0.7~0.9
H AAst, 0.9~1.00 2HLTF Y 50| ¢

2t A o2 TRt} (Hanley and McNeil 1982; Muller et al.

2,



Table 1. Selected variable using the Pearson’s coefficient of ArcGIS

Estimation of species distribution of two migratory moths

Variable type Variable Description (unit) Variable character
name
BIO_1 Annual mean temperature (°C)
BIO 2 Mean Diurnal Range (°C)
- (Mean of monthly (Max temp-min temp))
Bioclimatic variables BIO_4 Temperature seasonality (°C)
BIO_12 Annual precipitation (mm) Continuous variable
BIO_13 Precipitation of wettest period (mm)
BIO_14 Precipitation of driest period (mm)
DEM Digital Elevation Model (meters)
Non-meteorological variables
Land-cover Land-cover (8 category) Categorical variable

2005; Fan et al. 2006).
MaxEnt+= logistic output® 2 =25} 4412 24
o

2 0~12 ®HoMH, 1 (%%&1‘) =2 HgA,
M)e e APAS ekl 447 Bx welE 5

215}17] 913 maximum training sensitivity plus specificity
of oJ5f| A4HH logistic thresholdS AH8-ofl 2 gHet A{ 4l
2 (1) AeskA] 2 4414 (0) 4= e = Binary
map= /3 5}t Binary map2 AA12] A Bl
Al AH&-E maximum training sensitivity plus specificity ]
A EEH logistic threshold o]AFel A Hut A A%
2 FAEM, Training data®]] T2t S 4 H|EH A
(Specificity) A5 At&Eoto], A|42] RS A@{Hoz
gl o Stk F HE B T Fd A7 "HE
ntobet w =2 ARHETH(Liu et al. 2013).

MaxEnt W 4274k iteration 5,000, logistic values A
AalFolon, UM A= default value 22 A3 F )
o} RE 25 o] AP 9 ALS AE]= QGIS (version 3.8.3,
http://www.qgis.org/ko/site/), ArcGIS (version 10.2.2), R
(version 3.6.1)= AH8-5}% T}

2z I
1. EZUE MAX] Xg’3 A Binary map
132} A3 Training AUC 452 0.911, Test AUC -

0.673015, A A7) gy AEE ARRE dehur, 5
HEw, A, YIRSt AT, 3% 47, 2, Tl

I, At dE 2 H9-S ALjgt dofiet Autel] AR A4
2 Aol =4 e, A A9l AFkE, &5k, 5
LoAE 29 & §lie 202 eI (Fig 1).

7t 4E9] 7| k= A EXTE(39.3%)°] 7HY =
2 H|-&-& #5192 5, DEM (28.1%), BIO_4(25.4%) <=
O 2 HE o]tk (Table 2). @A EXT]EofA F2](2)

oA 24 gE°] 7P =91 (Fig. 3), DEM2 1= A4
<ol o2t 24 &0l ool 7I7HIF AL (Fig. 3), BIO 4+
31.9°CHT A5sHH ¢ gHEol AAaFH. RCP AU
Lo W AAA] A B2 SSP 1,2 AlvE] o)A &
AE E9 7he W2o] Sl EojEs Ao] e
o2 H3lom, ssp3 Aol &3 7 W] St
SFSAth. E3F RCP 8.5 tH] RCP 4.591419] @ 75 HA
o] Zv H W2 4 = % U (Appendix Figs. 3 and 4).
Maximum training sensitivity plus speciﬁcityoﬂ olsf] 4=
% logistic threshold+= 0.256°]™, Binary map= 2}J5%1
th(Liu et al. 2013). ©] 2 7|50 &2 7| TH3} Alv2] @ of u}
£ 29 7Fs W20l tigt HSh= Table 301 WER T

[
0.831°]™, AA7] 2eHd A =g AuEH Heie, 5

Aol A e, 4 A9 AFE, $5E, B

e 2L 7 fle Ao= HeEbdth (Fig. 2).
2t Hp59 7l dA B R (57%)°] 7V =
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<0
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Suitability map

Binary map

Fig. 1. Suitability map and binary map of habitat for Mythimna separata in current weather conditions.

Table 2. Percent contribution of environment variable calculated after MaxEnt simulation in current weather conditions

Mythimna separata Cnaphalocrocis medinalis
Environmental variables
Percent contribution Rank Percent contribution Rank

Land-cover data 39.3 1 570 1
DEM 28.1 2 354 2
BIO_1 0.0 7 0.0 7
BIO_2 6.0 4 4.6 3
BIO_4 254 3 0.1 6
BIO_12 0.2 6 2.0 4
BIO_13 0.8 5 0.0 7
BIO_14 0.2 6 0.9 5
2 H-&E 22519 0™, DEM (35.4%), BIO_2 (4.6%) = n &

S 2 FE o]t (Table 2). @A EX| o] E A 52| (2)°l]
/\-] =9 = £0| 7].7&— =0 Dﬂ (Fig 3)’ DEME= 11 Ao
w2t £4 ghEo] 0o 77F A AL (Fig. 3), BIO_2+ 10.8
Hot oA &9 gl w45 ST RCP ALt
gleof mhE A AR Aehd B2 SSP 1,2, 3 Ak Lo
A AAET 9 75 HA o] o ol HiE - &
o] &%t} (Appendix Figs. S and 6).

Maximum training sensitivity plus specificity®l] 2|5l A&
& logistic threshold+= 0.207°]™, Binary map= 23531
o (Liu et al. 2013). ©| & 7|52 2 7| FHI} Alf2] Qo] o}
£ =% 7k HAlol tigt H2k= Table 301 YER AT

218 (©2022. Korean Society of Environmental Biology.

B (M. separata), S8UY (C. medinalis) 2] &3
a5 este] 27159} H|7] S H4E MaxEnt
of A-gs A MAA iz} 719 Bl go] Hok= &
AR Al 2 E A8 Ao AAA] Z27t oF
Al Mztot=2]o] ol ol50F T (Figs. 1 and 2; Appendix
Figs. 3-6).

T W2 W5l Bls) S=2t 77k "ol 2 Alsit
of MM Zx7t W2 Al w yehygton, ) ¥ it
Ao A ZHA ] FEQl oA o (AHIH 2] 293,498 ha,
35.37%), 5 H I (i HA: 145,785 ha, 17.57%), 7371 %
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Estimation of species distribution of two migratory moths

Fig. 2. Suitability map and binary map of habitat for Cnaphalocrocis medinalis in current weather conditions.

Table 3. The extent of occurrence by scenario expressed using the threshold value

SSP scenario RCP scenario

Year

M. separata

C. medinalis

2030s
2050s
2080s

22,859 (107.8%)
20,012 (94.4%)
23,703 (111.8%)

20,263 (100.2%)
15,813 (78.2%)
20,034 (99.0%)

2030s
2050s
2080s

20,276(95.7%)
20,081 (94.7%)
25,465 (120.1%)

20,211 (99.9%)
17,869 (88.3%)
24,049 (118.9%)

2030s
2050s
2080s

22,521 (106.2%)
21,168 (99.9%)
20,216 (95.4%)

20,266 (100.2%)
18,750(92.7%)
18,304 (90.5%)

2030s
2050s
2080s

19,178(90.5%)
21,005 (99.1%)
21,481 (101.3%)

18,352 (90.7%)
18,961 (93.7%)
19,420 (96.0%)

2030s
2050s
2080s

26,561 (125.3%)
22,176 (104.6%)
26,393 (124.5%)

18,192 (89.9%)
14,250 (70.4%)
20,154 (99.6%)

RCP 4.5
SSP1

RCP 8.5

RCP 4.5
SSP 2

RCP 8.5

RCP 4.5
SSP 3

RCP 8.5

2030s
2050s
2080s

22,128(104.4%)
23,246 (109.7%)
28,581 (134.8%)

18,054 (89.2%)
16,564 (82.0%)
21,910(108.3%)

Current

21,197 (100%)

20,231 (100%)

Threshold value
(maximum training sensitivity plus specificity)

0.256

0.207

http://www.koseb.org 219
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(A)

logistic output
o
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i L L L L L L I L ! L

-200 0 200 400 600 8OO 1000 1200 1400 1600 1800
DEM

(C)

logistic output

land-cover current

Mythimna separata

(B)

09r

08

071

061
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logistic output

04r
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021

01r

001

200 400 600 800 1000 1200 1400 1600 1800
DEM

-200 0

(D)

logistic output

land-cover current

Cnaphalocrocis medinalis

Fig. 3. Response curves for Digital Elevation Model (DEM) and land-cover current variable of MaxEnt simulation for Mythimna separata (A
and C) and Cnaphalocrocis medinalis (B and D) in current weather conditions.

(AelH A 84,125 ha, 10.14%) 7} A H Aol g7 o= 1}
EFTH(KOSIS 2020, Appendix table 5). THE-22] MaxEnt
At AFEE HEL ST QI A A o] A7 H
Hdol 0 = 1ol 7PAA YT (Figs. 1 and 2). 2019
d 71, AT o] ¥ A 2192 17 ha (0.0%) & =219}
Hl sl 219 S4474 Aaix]7t ol-¢- A o8 g o] AR
& B7Fsl 7Pt BdEe, =9 7159 W gls
Al B = SHETo A A ARt 7] 50] QLA =9
Ezo] i =ofl AAsh= A2 AR Eth(Appendix
Table S, Chung 1974).
RCP ALY 25 2§

rol

P AT gto g AFk sietrtel

220 (©2022. Korean Society of Environmental Biology.

A % el 440 75
9 7| P2 <19 A &
HEjo] o]} 272 A} et
o) 7|72 o] olgle] S48
T2t 929 (Ko 2002), B2
alet Eo 2 A3 A
73S B At (Appendix Figs. 3-6).
5ol S48 F7lote] 28 2
iga e
29 o2 AsolH Lt Azt o], T Lhipo] £
A b 2T A0S EALE A7, 00z

pauy
o U
il g
N i
rE 3
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R}
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DEM, B7del 4 BIO 4, SPUHo4A BIO 2502
UERT o] & Wilo] AIEVRE B H|F st A&
& SRt o], HolatdS Fo} TR E o]F5h| wiE

o g AtmEth 2870 AE7| TSR ARE-Q MaxEnt
sy Aot gy AARE el EXNE A5 9
DEM &2 H7|$H57E 28 5o 52 dd= ﬂﬁ}

T L] AEA £ BE Zeket it AlE
A2 7Fsskrell FRA T &) 7Heet Ao R {Jr‘i‘r
Hoh EX9E 257t 1km s 2 A/ E o] glo] Al
st S E o] gt A cell QFoll 5], Al Aol Alof Q)
= Aol EA 2 EREAUYAHOR BRE BT EF
Utk whebA Bt AR EZ|0E 2t e 5 A-83tthH B
o} et myo] AE Ao = AmErh

DEM §H-g 4 T ZoflA 1= 10~20m7t =H &9
shEo] §45] HAa3Uth (Fig. 3). ©li= A=l olA B Aful
£ A s, 87 x7o] Hope} Aozt yref A
O 5 ABEL S glo] o] AHko] UEhbe o s wehy
ot =l §4 F &5 A71 6~999 =] AlE3t
25 molet A ME UE g4 At FF
s Ak o] ofsf 59 Z7] Asletel A AHH o R &2
T E Helom AFte] ZFafdte] met e o] AthA
O & 2 Wkt B SITh(Park et al. 2018). MaxEnt 2 7]
A FofQtol A A 2lo] ZFs stk ebg T AL "
A& el Fd 2710 UE Z o2 Shiber|, ejust
o & Sl ¢ gtsr] o2 9] {4 & Suioll A dEol
Fote] Edo] o2 Ao A Hh 2020 7€ 1Y
o ZLtdlo] mlaf] TS Aj2to 2 mlef] WA o] AabA
72 39
o

O

B HE
:

1=}

ArstH A Zaore uhat AT AR AR )6
2851} (Jung et al. 2020). ©]H A= om]-;qo] ]
S vl ST g2 s AEsilE W S
3] 7hsdt A¥fehal AT, ZPLE2 BIO 2(Mean
Diurnal Range) 7} 583t o], w27}t =2 2|9
2 47 AGo] AXT, A4 Aee] o] Fa
et A2 A ZH-g5t it B2 BIO 4 (Temperature
seasonality) 7} & 2.3t Ho|H, AH E}E 7] z}o]
7} 31.9°C OOl A Aol 71 st
2 Q] S A} A A el A
A 418 450 FolEg ulgich At Be
19 B U] L5} 0~ o FE W Aol A
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