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Abstract: Butterfly, Chilades pandava (Horsfield) is a garden pest whose larvae harm the young leaves of the Sago Palm
Cycas revoluta (Thunb) . Tt has a serious impact on the growth and reproduction of Cycas revoluta , the economic prospects of
growers, and the beauty of urban gardens. In this study, based on the existing distribution points of Chilades pandava and
Cycas revoluta, we used MaxEnt, ArcGIS, and R software to predict the potential geographical distribution of Chilades
pandava in China under current and future climate conditions and the potential geographical distribution of Cycas revoluta in

China under the current climate condition. The current climate data used here were based on historical data from 1970 to
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2000. The future data (2021—2040, 2041—2060, and 2061—2080) were derived from three representative concentration
pathways (SSP126, SSP370, and SSP585) under BCC-CSM2-MR in CMIP6. The results showed that: (1) the area
under the curve (AUC) of the test subject working characteristic (ROC) of each model was higher than 0.95, suggesting
that the accuracy of the models was very good. The mean diurnal range (bio2) , isothermality (bio3), mean temperature of
the warmest quarter (biolQ) , and precipitation of the wettest month (biol3) were the main climatic factors affecting the
potential distribution of Chilades pandava. (2) Under the current climatic conditions, the total areas of suitable habitats of
Chilades pandava were found to account for 29.7% of the national land area, and highly suitable habitats were mainly
distributed in the south of the Yangtze River, including Hainan, Guangdong, Guangxi, Hong Kong, Jiangxi, Hunan,
Fujian, Taiwan, southeast Sichuan, northern Chongqing, southern Anhui, Shanghai, Jiangsu, and Zhejiang. (3) The
overlapping suitable areas of Chilades pandava and Cycas revoluta accounted for 25.9% of the national area. (4) Under
each of the future climate change scenario, the total suitable area for Chilades pandava growth would be greater than the
total suitable area under the current climate conditions. In particular, the total area of highly suitable habitats increased
significantly, including locations in Shandong, Hebei, Henan, Tianjin, and Beijing. The total area of suitable habitat for
Chilades pandava under the scenario SSP585 in 2061—2080 was found to be the largest, accounting for 41.33% of the
national area, 1.1157 million km® more than in the current climate. The study can provide a theoretical basis for the

prevention and control of Chilades pandava and the protection of Cycas revoluta resources in China.

Key Words: Chilades pandava; MaxEnt; prediction of suitable habitats; Cycas revoluta; climate change
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Fig.2 Screened geographical distribution points of Chilades pandava and Cycas revolute in the global
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Table 1 Screened climatic variables affecting the distribution of Chilades pandava and Cycas revolute

e . Hp %E\Fﬁ?ﬂﬂéﬁ‘%&%%%ﬁ %E\ﬁﬁ?ﬁ%iﬁ%
Code Description Unit Weather to use Chilades Weather to use Chilades
pandava for Modeling revolute for Modeling

biol PR C 7 i

bio2 SRR H C 2 2

bio3 S C b i

bio4 =T A / w =

bio5 g A B i R / i i

bio6 eV H AR R C i i

bio7 AE IR EE AR Ak v R C S i

bio8 BN TR BT L C b= b=

bio9 PR YR C Ea 2

bio10 IR TR RV L C b= =

biol R 2 ST YR C ) 2

bio12 AEB K mm i =

biol3 Fe i H Bk i mm = =

biol4 I HFEK R mm P i

biol5 Rk 2 1 AR AL / i 2

biol6 iR MK mm i P

biol7 TR K it mm i 2

biol8 % 22 8 [k it mm = =

bio19 RS R K mm b= =
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PV R P T 1 R T B L LA P A DX A A e A DX 320 DI R A X A TR
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Fig.3 Correlation analysis of 19 bio-climatic variables
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Fig.4 Potential distribution of Chilades pandava and Cycas revolute in China under the current climate condition
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GUEE M S AR X TR FRGR B 285.17x10%km? , /7 [ £ ALY 29.7% , 111 2061—2080 4F: SSP585 &4 T Ehidi Ak IX.
RSN 2, 155 396.74x 10 km”, b7 B - I 41.33%, MFTA0E T T A il 20 580 e 3 A DX 1 AR
IKF] 285.17x 10 km?® , AR RA G AMEAAF T =il A= X T BURWT K, Hor 2061—2080 4 SSP585 1L T s Ak
X TH R KA 218.98 %10 km? 5 AT 4544 T Hidhi A= XTI FA 38.67x 10 km? , MMl AR SR AN [R) e 45 4 F i A IX
T RN T R ,2061—2080 4F SSP585 & NIl /D £ 8 16.96 x 10" km” ; 24 Fii S M5 5 44 G A X i AL
109.16x10 km? , T AR KA G S 54T 6 T 2041—2060 4 SSP126 F1 2021—2040 4 SSP370 i R i 5+ A4
T A DX R s A, AT B T ARGE AR AR AE R I (% 2)
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Table 2 Comparison of suitable areas of Chilades pandava in China under current and future climatic conditions

EAEK ) th%‘éﬁ e SSP126 SSP370 SSP585
Suitable habitats Comparison Current
indicator 2021—2040 2041—2060 2061—2080 2021—2040 2041—2060 2061—2080 2021—2040 2041—2060  2061—2080
X M 137.34 160.36 180.95 190.35 168.56 191.42 206.68 172.62 204.69 219.98
High-suitable habitats THRAEk / 23.02 43.61 53.01 31.22 54.08 69.34 35.28 67.35 82.64
At/ % 14.3 16.7 18.8 19.8 17.6 2 21.5 18 21.32 22.91
o AR X TR 38.67 33.75 31.86 27.82 37.98 25.57 20.70 33.15 21.58 16.96
Middle-suitable habitats THREk / -4.92 -6.81 -10.85 -0.69 -13.1 -17.97 -5.52 -17.09 -21.71
/% 4 3.52 33 2.9 3.96 2.7 2.2 3.4 2.25 1.77
MR X TR 109.16 125.01 108.45 127.28 109.11 140.34 148.22 112.12 124.48 159.79
Low-suitable habitats g ie / 15.85 -0.71 18.12 -0.05 31.18 39.06 2.96 15.32 50.63
i k/% 11.3 13.02 11.3 13.3 11.37 14.61 15.4 11.7 12.97 16.64
R X TR 285.17 319.12 321.26 345.44 315.66 357.33 375.59 317.89 350.74 396.74
Total-suitable habitats TRAEk / 33.95 36.09 60.27 30.49 72.16 90.42 32.72 65.57 111.57
i /% 29.7 332 33.5 35.98 33.89 37.22 39.12 33.11 36.54 41.33

“T FoR MRS PR L AR, o5 LR 2 A DX 5 SR Bl SSP . LAt 23280 B2 Shared socioeconomic pathways

2.4 FERURE RE ) 560 IE
T Z805% R R 3k B T 35k s 26 5 AR A FE AR & (K] 6) | 3X R B AR s, SR A &
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Fig.5 Variation map of the distribution range of the potential suitable areas of Chilades pandava in China under future climatic conditions

(2021—2040, 2041—2060, 2061—2080)

MaxEnt RSN A il S0 5 -5 A T IREREY AUC HIIR T 0.95(18 6) , AR TRAAF T MaxEnt 17
T i UK K BE AUC (KT 0.97( 3 3) MR HR MaxEnt 15274 FU00 25 K B bRl , - Bl () 9000 45 SR 24
REAEH U (0.9<AUCS1.0) BbRifE , WIEIGE S 15, 2541 ROC ety /2 07 i (1 6 &1 7) |, i i A
TP RAGE RS

F£3I KFKREBEHMLERIE AUC &

Table 3 AUC values of Chilades pandava under the future climatic scenarios

SN = AUCTE || KBS G/ AUC
Climate change scenario Year AUC value || Climate change scenario Year AUC value
fIG3RIA % 57 SSP126 2021—2040 0.977 R AFIRIE I §t SSP585 2021—2040 0.975
Low compulsion scenario SSP126 2041—2060 0.974 High compulsion scenario SSP585 2041—2060 0.974
2061—2080 0.977 2061—2080 0.972
rpr 4 2 i A SRAA I B SSP370 2021—2040 0.973
Moderate compulsive scenario SSP370 2041—2060 0.976
2061—2080 0.973

AUC: ZIXE LAERAEMZ T Y The area under the subject curve
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Fig.7 The ROC of Chilades pandava under the future climatic scenarios.
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