T iﬁ ! l ! A1) ik o 7N B 351055
R4 0 510260
I \j:R Eé ?*ﬁ #,4% 1 020-84192269 020-84456131

] i l fl? o N l l*‘ ] E-mail : insect1979@163.com
Journal of E.nvironmental E.ntomo ()gy R 4k : hikexb.alljournals.net

X]

SREU T IR EREMAEREOEE
Sy

WE I 2 HER D, Bk P, BTRS, XREY, &R,

F}JL: ?7} 2,3%

CL AR A2 RIS 40, ARAE AR 350002 2. RANEM A R HEAKK S, BRAMKSHDRY 25, i
WA 350002: 3. AEEAM K FLERERE CHFLUFER, E M 362406: 4. IRAFHEB P ICHT 34
BRI, LR 100193 S, oA AN S BERTHI R B T RUPAS A0 T8, B 100193)
E: SR FEHREMR Phthorimaea operculella fEt FE B E dt, WRBEHMMAEMEF R L —. KHFFTE
TR D2 A AR R [ AR R R K 1, M) MaxEnt AR B 4 HT SORRPIAT R R TS
R DR R E AR G RV AR . GRS BRI AT AR BE 0 R X T AR 2T 363.6
x 10% km?, 54 FE AR 37.9%; il sE X S B TR PU R AR JFUIX . SN B B P R R AR O A
0 EI AR T i A i i AT ROKE . BRI ARA A BRI ARREE
ST, SREREEE G X IR RS KEY, EERERR TS a0 & REE X RN
X, RIEA X AREE A ALY 5K JEREA ARRAURBLIR A T B 4% 2 B 2Rl A X S G A R EEHEAT )

SR, DU S PR i e iR e = .

KIR: MEIE IR MaxEnt B8 ARk & A X

S SS: Q968. 15 SCERFRIRAG: A

Analysis of the suitable distribution areas of Phthorimaea operculella
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Abstract: Phthorimaea operculella Zeller (Lepidoptera: Gelechiidae) is an important pest worldwide
and one of the major quarantine pests. Based on the current distribution points and environmental
variables of P. operculella in China, this study used the maximum entropy model (MaxEnt) to predict
the potential range and extent of P. operculella in China under current and future climate scenarios. The
results showed that the total suitable area for P. operculella in China was approximately 363.6 km?,
accounting for 37.9% of the national land area. The high-suitability areas were mainly concentrated in
the southwest and central plains. The key environmental variables affecting the potential distribution of
P operculella were the minimum temperature in the coldest month, the precipitation in the coldest
season, seasonal temperature variation, and the maximum temperature in the hottest month. Under
future climate scenarios, the potential suitable areas of P. operculella expand gradually, with the
characteristics of some high- suitability and low-suitability areas transforming to medium- suitability
areas in southern coastal provinces, and low-suitability areas expanding northward continuedly. This
study provides theoretical guidance for the prevention and control of P. operculella by scientifically
predicting its suitable regions and extents under future climate warming conditions.
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& L 2L Phthorimaea operculella Zeller 3£ J& 3 H Lepidoptera ik £l Gelechiidae
T ZZ B JE Phthorimaea, JTRFRIHEIEMIR . DM, & —Fh S MR 1t S ROl
41 (Rondon, 2010: M¥A%E, 2014). EENFHRHEY), TLAGRE. MEHEN™E
(FREFETE, 2014; EHRASE, 2019, DREHRZEHGEFETFEM (Rondon, 2010), —4F
AR 2~11 AR CEMRANEE, 2019), O i & 25 LAY v AN, mT R BUR MR Gk
fEREAKE RO ik @ DR ERZE, RN SRERLPHE R/, TEEEY
REMTU™ R DR EYERMR IR AR DR T 20%~30% (MAREE, 20200; I
P2 5%~10%, HiikE 50% CFEHEL 2008). 45 14 2 B 25 ik i) 4% 2 2 it et (]
T 4 AN, R R 2R T ) 44 G HE A EE 100% (Rondon, 2010). #EfikiE
Ty S5 P 22 0 2 B 8 I g A N FRE 2 R B ) AR A R GBS, 1981), ixlt
BRSOV SR E T X EE R (RS, 2019).

AERASAGARIE N IR b T A IE A AR FE I e ik s, 2023) 17 B HU/E AR
s, SRR B R ST K8 AN (Kocmankova et al., 2009).
N IEFE NI B TE R B NRTES R = X ST, IR 2t B AT B A5
MR ER RGCPEIILE (FT4ER, 20200, AUREARBRR IEHT AL, X ] A fe s
MBSO B AL, AR ECE R AR (Skendzié et al., 2021). WL
B2 S AEARBE IR, $H3EK T M Myzus persicae Sulzer Rl Aphis gossypii Glover 132
KA WE Sitobion avenae Fabricius X 3 Ftlf ) & AL I [A] FEAEZE TS (Xue er al., 2020).
Parmesan 25 (1999) XFEK#f 35 FhAEEAEMIMEREAT I AL, RBUZE EANZD 35 Rt o £



22 P o3 AV ) AR ) T 35~240 kmeo SRR AKX HUop A P AR B, T A
AR J B B3 AR X AR A A B T 35 Ry TR (2B KT

A A A AR R T I K R R A 3 AT A BAIRE R 1 R EEAR B R A5 S AT R, AR
PEFA RS, X5 B AR FR o A HEAT B AR (Anderson and Martinez-Meyer, 2004). [ifi
FEWFFN GO A SR RN, H TR SRR Y 2 F T TN A AR AR Ak X6 42 k43
A WEYIR R AR CREKT-2E, 2013). 2477 3230 (10 T30 W0 Rh 8 76 50 A (1 A A5 A R A
A CLIMEX. Domain. GARP I MaxEnt %, H:1 MaxEnt F 84 P& S50 25 S AH EE [RS8 AL
A SN R M S (FisZE%E, 2007; Moreno et al., 2011) Wi 2 F T AR Aot
% A #\ Diaphorina citri Kuwayama (X1 FF5%, 2021; F#iBk s, 2021). 84 i ik
Milionia basalis Walker (B 4E£5%, 2020). % /5 WM Corythucha marmorata Uhler ( £ &
625, 2019). 3G B Acanthoscelides obtectus Say (A&FF U5, 2021) FEE TR Lymantria
dispar L. (EHES, 2021) 5% dFEA X M. B A E A T D484 EH L Wi 52 &
T E T AW F e R SR A e, DU & AR X WA 78 (MR ARSE, 20190, BRIk, A&
W9 DA T % 25 B 22 il 1) I A b 38 20 A BOHs A BR B AR 9 B, 18 A MaxEnt BB, 454
ArcGIS ¥ fF, RGUTF 5T SARAL A B FH LM AE h BE AR X A (5, R LA A &
JOREREE 318N e & =0 A P PN = A1 R 0 S S W 3 P B A e N M A SR R
TFF 70 485 SR T Ay 4 S e 0 0 0 A ] R AR B b PR A S, DA % S f
FER JE -
1 MR RZE
1.1 #EE
111 Rk o A Hifs

AT FEHE BRI T 2 ERAEY LR EIRPE (https://www.gbiforg/ ). EHNAMATFR
TN SCHER TR B ST A o A3k G o A a5 R BT T BUBE AL TN FE LG, I8 5T ArcGIS
S0 X THREXT o0 A s AT O3, B AR 0.5 km 2R X, FEHIBREEE /N T 1 km (U E K 4
A, BRAARTT 120 D SRR EHERIRAG R0 i sl (B 1D

PR A E RN EE B (http:/www.sbsm.gov.cn/) (1] 1 = 400 /3 1 [E K &
B, HES & GS (20200 43725, T ArcGis 2= [T T HIKE 3 MNMIEE 7 G
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Fig. 1 Distribution of Phthorimaea operculella in China
T % BT B S b A SR b bt P IR 55 It N R SO GS (20200 4372 SRIBRAEMLEIHIE, JERIEITEE M. Note:
This map was based on the standard map with the review number GS (2020) 4372 downloaded from the Standard Map Service Website of

the National Bureau of Surveying and Mapping Geographic Information. The base map had not been modified.
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MHEF S M Chttps://www.worldclim.org) 3R EUMH SR AR & K 7 s, LR ET
19 NIRRT (R 1. A ArcGis 10.6 $EHU D84 F P 2R bk 78 42 [H 23070 A p A 5548
R TEIE, SRR SPSS X 3R U B AR E AT A sy T, Ok HEAH G AR B > 0.8
(PRI AR B[R 7, 3@ T 7 i (1) 2045 33047 Pearson AH I ME 40T, T8 6 A8 B 2= () I AH K
TR AH G R > 0.8 B B STRRBU N AR B K 7, AR 3 6 D RE % B P 2K )
M FEEASEAERF, 558 H PSR (Bio2). i (Bio3). EFET L)
(Bio4). % el (Bio5). & H M RAGRE (Bio6) A ZERE/KE (Biol9)
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Table 1 Environment variables and the relative information

¥F5i 4 it Environmental variables f#i8 Description
Biol 744536 (°C) Annual mean temperature
Bio2 HF-¥5i (°C) Mean diurnal range
Bio3 %15 M4 Isothermality
Bio4 8% i A8 5] Temperature seasonality
Bio5 B A i IRE (°C) Max temperature of the warmest month

Bio6 s H A3 AR (°C) Min temperature of the coldest month



https://www.worldclim.org

Bio7 FT IR IE % (°C) Annual range of temperature

Bio8 R ZEIE (°C) Mean temperature of wettest quarter
Bio9 5 T-ZE) (°C) Mean temperature of the driest quarter
Biol0 IR Z IR (°C) Mean temperature of the warmest quarter
Bioll A Z IR (°C) Mean temperature of the coldest quarter
Biol2 ) FF/KE (mm) Annual precipitation

Biol3 i H B# 7K & (mm) Precipitation of the wettest month
Biol4 T H F#7K & (mm) Precipitation of the driest month
Biol5 ZE1 f/K #7224k (mm) Variation coefficient of precipitation
Biol6 I ZE %K & (mm) Precipitation of the wettest quarter
Biol7 5 T Z=f# K & (mm) Precipitation of the driest quarter
Biol8 & ZE %K & (mm) Mean precipitation of the warmest quarter
Biol9 4 ZE [ /K B (mm) Mean precipitation of the coldest quarter

*2 DRERIFIMETEMEXMDF

Table 2 Correlation analysis of environmental variables of Phthorimaea operculella

Bio2 Bio3 Bio4 Bio5 Bio6 Biol9
Bio2 1.000
Bio3 0.591 1.000
Bio4 0.017 —0.781 1.000
Bio5 —0.475 —0.592 0.412 1.000
Bio6 —0.613 0.160 —0.644 0.384 1.000
Biol9  —0.646 —0.383 —0.020 0.580 0.563 1.000

12 ARFGE
1.2.1 MaxEnt F7 Tl

F ] MaxEnt 84 3.4.1 SR TN 15 4 2 P 2R 7E o [ VB TEIE AR X . 3G R F 2oy
A RV A IR 55 AR 2 K 13008 5 N MaxEnt 841, dEATBEALIS S, IR HU A 25% 1) 40 A
RAERIASE, N 75%0 5010 s AE RIS, EHTIUNES T (RIRER 28— NS5 R
TASE, SRJEHETF N AP R A8 B R A M ) A X AT T, BRA R R B AR IR L 5
000, EEHWEN 10, HAMSECRABINE, 4RIy Logistic #3X.
1.2.2 BAVKE FEVTAL

MaxEnt % 5% ] ROC (Receiver operating characteristic ) HH £ 73 B 722 X6 A5 74 i 0 33E 4T
RV (AR JESE, 2009), ROC HHZRIIREAL bR R RBIMER (1R 51D, ALFRRR
FPHMER CGREUE), @id ROC 2k 518 AL b5 BT T B TH ALK /NI AUC fE,  AUC fEER
{H 0~1, AUC {HBK TN 45 Rt uerf (EisE%%, 2007). % LA AUC EIF B AL RS,
M 0.5<AUC < 0.6 i, MREMMKM: 24 0.6 <AUC <0.7 1, REFMBREZ; 240.7<



AUC < 0.8 i, RETMBR—M; 24 0.8 <AUC < 0.9, ETMBIRL; 4 0.9 <AUC
< L0, ARFEPMARENEF (BBEESE, 2019),
2 BRE5SHh
2.1 MaxEnt #EE TN A0 #MEITAN

HRAE MaxEnt 5 10 UK 1000 45 S o SRR AR 8 28 5 TR e e e A, 1009
AT R 45 AR YF o AUC “FYIMH 0.877, “FIIbrdEMmZE N 0.012, TIBCR RifF, W
AF L IR MaxEnt (TR 45 RAE s vE &, v T SR R s& AR X i (20 13D,
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Fig. 3 Prediction of ROC curve for the geographical distribution of Phthorimaea operculella in China
22 HEISERE R T DRERZMN S TN

TR SR, B EYCEEIRE R E S E R B A VG 2, BRIERIL=8EH
HALRF IS . WESTHBREESMIN, HEH . BI6 XM EEE T A X
T I A X B AR BT ST, T B 2RI FR I B B S A X T AR L 363.61 x 107
km?, A EFGEHLTARE) 37.88% (K 3, B 4). HibEiEE XA 131.42 x 104 km?, H4
] it M R 13.69%; HiE AR XTI AN 144.26 x 104 km?, 5 4 [F Bl b AL 15.03%; K&



AETH Y 87.93 x 10* km?, H A EFHEHEFM 9.16% (R 3; B 4). midAd X R EEP LR
FERIR L, AR S PO EER, Wb, TR IR, bR BRE R,
PUPEPEEE . SORPEIRER, HAMEPEREVAX . AR, WD iR YOOR. AR, b,
P HRS A NS EEEX PEAEXEEEMME LREX, B L. B
. bR Er . REEFTE. R, G ARE. THEREREREX S HR SR
OEAE X FZAAGTER SR HR . B, 2. b, Wb, dbats R, WL, tEi.
WG TEIRE A XA X
#3 FRSEBERTIRERZHBETENEERER (x10* km?)

Table 3 The suitable area of Phthorimaea operculella in China under different climate scenarios (x10*

km?)
AU B G g EX &L X SIS X R

Climate scenario High suitable area Moderate suitable area Low suitable area Total suitable area

L7 Current 131.42 144.26 87.93 363.61
2050 4E SSP2_45 116.54 168.24 88.604 373.42
2070 4F SSP2_45 126.44 154.07 88.56 369.08
2050 4E SSP5_85 133.84 146.88 87.07 367.78
2070 4F SSP5_85 137.54 149.68 88.22 375.44
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Fig. 4 Potentially suitable distribution regions of Phthorimaea operculella under the current scenarios in
China
Ve AT [ SN2 3 AR SR R HE R IR 55 Wt R B S GS (20200 4372 SHIBREIB I HIME, RETEEE. Note:
This map was based on the standard map with the review number GS (2020) 4372 downloaded from the Standard Map Service Website of

the National Bureau of Surveying and Mapping Geographic Information. The base map had not been modified.
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Fig. 5 Suitable distribution for Phthorimaea operculella in China under changing climate scenarios
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This map was based on the standard map with the review number GS (2020) 4372 downloaded from the Standard Map Service Website of

the National Bureau of Surveying and Mapping Geographic Information. The base map had not been modified.
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PATTRRZE B 0 8 B S T UNER I PP FIE bR, VPR B B S P 2R A (X ) A7
BRI F T BRI A 6 NI B R H AR (Bio2). AR
(Bio3). IEFETAZ) (Biod). MM i (Bios). & H M &AKEE (Bio6)
A A ZE K E (Biol9) X b8 2 B 22k 1 3 40 A7 DTHR 26 70 10N 4.3% 2.9% 2.6%-
4.7% 61.5%H123.9%. HHiRA A RAGRE (Bio6) MlmAZERF/KE (Biol9) #ETH
M) TTER A HE 2 AT, AR EZE T, A H M RIKEE (Bio6). iR EF AL
(Bio4). ¥ ZFE/KE (Biol9) AR minE (Bios) Hi&FER (K 4). it
MaxEnt B8 v IE ALY Z5 3 7 1) TT U0 3RAF A A 50 FH0I A0 b A7 76 % 25 R AR o E 24k
HERIMER | REZZATIPRME. R AT, 54 HRIGRE (Bio6)
SRAG B e (KD IE R IR HG E, B 00 D 92 A A B o 5 % 8 e S 1 3l L 70 A1 T A 1R K F
HEVE, Bk Bio6, FAHHAMAZETMN, 5 H AL ST EEMLL, RS ERE,
R AZMHKE (Biol9) X 442 By i B /0 A5 TN SL W B K, A BE A28 B iR
B (B 6). LR PR, som e 2 2Rl o0 A0 i 3 I AR & N 72 i A R IR
(Bio6). ‘¥ ZEME/KE (Biol9). MEFETAZ) (Biod) i H & (Bios).

AR X 4 A 32 FEPRBE AR 5 PR AT AN 0 T 44 SR o AT 1) 1 I B AR & R TR K
EE . NEKKRE, RASTEKEIE-50~250 mm 2 A1 H)5E & D84 FH g7, M
RERE, & HRIGRE-25~25C2la], &N 9°C: HH EmimE-5~45°C ],
BOE IR E Y 38°C; i T ARALTE Y 400~1 500°C (& 7).

B 4 IR AR DR T 08 T4 e R0 43 A B0 £ B kA

Table 4 Contribution rate of each environmental variables to Phthorimaea operculella distribution

AL THRE % (%) BEHREEE (%)
Environmental variables Percent contribution Permutation importance
bio6 61.5 57.2
biol9 23.9 9.7
bio4 4.7 12.8
bio2 4.3 5.4
bio3 2.9 5.6
bio5 2.6 9.4

® Without variable ® With only variable ~ ® With all variables

v

) .

g Pkt e 8l %R
>

® biol9

g bio2

g bio3

S biod

2 bios

M bio6

o

ﬁ;‘( 0.1 02 03 0405 06 0.7 08 09 10 1.1 12
B

=y EFLIZR3E 25 {5 Regularized training gain



B 6 JIYIE o0 Hr PR 50 A B ] - ) R

Fig. 6 Jackknife test of the importance of environmental variables
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Fig. 7 Response curves of domained environmental variables

3 ST

AR 5K H MaxEnt #5280 00 1 B 84 5 B 2Kk 75 o 1] 11 b B 00 AT A% SR B e L 0 AT 1)
WA BN T, AUC “FI51ME 0.877, Ut IR BRI SN 43 A 5 Y0 e o A i A, 45 SRt
BPISE . TRSE R R, AR N, o w2 AR v A R o 3 R T A
X5 Jung % (2019) H CLIMEX ATl (1) 45 AL . MaxEnt #5284 (1] JJ V)4 46 45 2R 2.
AN, R By 2RI AT A% R (M ER AR AR B R T R e ) O IR L A TR
IR BEEAT AR B AR A il B, T ZS SRR, B8 P 2R (¥ 3 A= [X 49 A1 52 i P
SRR, HIRTE PR o

W B R i KPR 2 —, RARIAERKEE . B, M A AR RE
B RTh ¥ 2 B B M Cf {#3 %%, 2014; Renault er al., 2018; Umeda and Paine,
2019). ©FHEE (2005) AFFE AL E P 2Rk AR Bl AR N 9.04°C, BF. 4hh
FE R B R AR 4 3N 9.37°C 10.75°CH 10.35°C, 22~29°Cre B FH R KR EH
ISR X, MRS T 10°CELF# m T 35°CHT D8 PR 2RI FP 10 AR K R B 2 B PR G, X
L5 RIS TN 1) 5 ¥ 3 A BB IS TR 9°CR Se i H A B3 iR B 38°C I 45 A s AN E W 5T
IR P R RO B, R BRI B 32°CHE R B PR, PR AR B
7 16~17 d (Golizadeh and Zalucki, 2012; Golizadeh et al., 2012), X WRE K RSAEALNE
H I T A R A KR E o Bale 25 (2002) fig IR T, 2 s A v R R A R
TR #AE)), ERERBEMBA, XE5ARAGELEY 5T DR ER e E
A X KR TI 4h R— 3K



B W B R S T AR AR, HAE R EUHM R AR CREBEIRSE, 2008). FERIA
IKE M 3P A R (SkendZi€ et al., 2021), BN EK# diphE (Shrestha, 2019),
it R AR BRI T A SR I S R UK S T RIE (Meisner ez al., 1974);
S K T 4 A MK (Foot, 1979); [FIRY, Langford 1 Cory (1932) A5 KB
T4 2 2R Mk 1) s SRR R S PR K R b, T T B P K L B T 4 S B R I R R AT
PARCFRBERNAS o 55 AR UCRIE FE (R TIN5 3R, o R /2 5 ) 5 4% S8 R 2RI A IX A 1 3 — A
HER T, &G DRFEZEIR N B E K E T ETE-50~250 mm, A FRK -
80 mm I, Ty 4% S HR L P AR R R SR R P

L5 ERTIR, X Ey R SR 3 A R SR I N R TR IR AN K, MR AR ST
Ty B S 20 ) v v AR X PR R X A AN PE R L X s AR 2050 FH 2070 4 B
SRRE R E P& A OB by EK, S EIRIX . EEE DR EREEREEE XY K,
Iy e R rh sy & A DOR IR AR tpE R E rh BT g e X, X 5 ERNANAE (2024) BT
FEER—B —J7H, XS LR EY A ANRENIREE . HREH R N
FItE N BRI FF RN TE, FE N D R IXA el 4 1 CEBHSE, 1981 55— 7T, 7
FEIX 2 TR R EM AR (e, 20205 K%, 2020, RBEHRZ, 2021), X4E
TR ) B e P 2R FR it 7 AR e AR, DABCTAE 2470 52 K5k 2050 AT 2070 -4
e LR EREEIR I S IE A X . SR A T RE RS A ARTE, 202D, AY
A PRI AL TG R AT AR SR, AR P X AT R b T —E X R R AEX .
T SAEIX FITERRAE X (SR BRSE, 1989). Z5& AW A4 b i —AE X M PG R VR AE X 2 5
AERZIE N mIE A X, TIEE LR A TR RN B PTG, Wbk BT
KA X KHR A 2 B R E UL R RE AR X, i Al b 2B e F BOd AT B R, B
1k TR RO R s BRI —EX R D #42 TR 2R IS AR X
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