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Simulation and prediction of potential distribution of Helicoverpa armigera in China under
global warming. ZHU Jian'"*, LI Bao-ping'”, MENG Ling'>* " ('College of Plant Protection
Nanjing Agricultural University, Nanjing 210095, China; *Key Laboratory of Integrated Manage-
ment of Crop Diseases and Pests, Ministry of Education, Nanjing Agricultural University, Nanjing
210095, China). Chinese Journal of Ecology, 2011, 30(7) . 1382-1387.

Abstract: By using DYMEX 3. 0 program to construct a bioclimatic model and using ArcGIS to
treat graphs, this paper simulated and predicted the potential areas fitting for Helicoverpa armi-
grea survival in China under present climatic and future global warming scenarios. Under present
climatic scenario, the habitats highly fitting for H. armigrea survival in China would be located in
central and south Henan, north Anhui and Hubei, south Jiangxi and Fujian, Hunan, Guangxi,
Guangdong, juncture of Shanxi and Gansu ( Tianshui) , and juncture of Sichuan and Tibet ( Ba-
tang) , moderately fitting habitats would be the most areas along the Yellow and Yangtze rivers,
and low fitting habitats would be mainly in the three provinces of Northeast China, and Xinjiang,
Tibet, and Qinghai. Under future global warming scenario (a3 °C increase of air temperature by
the end of this century) , the northern border of moderately fitting habitats would be shifted from
a line of Yingkou, Beijing, Shijiazhuang, Taiyuan, Yan’ an, Lanzhou, and Batang to a line of
Shenyang, Hohhot, Jiuquan, Gomud and Lhasa, with the latitude shifted northward 3° and the
elevation increased by 300 -500 m, the current low fitting habitats in large areas of Xinjiang
would become moderately fitting habitats, some highly fitting habitats such as Tianshui and Ba-
tang would expand, and some habitats in Northern and Southern China, Taiwan, Hong Kong,
and Hainan would shrink. A discussion on the prediction results was made, based on the biologi-
cal characteristics of H. armigrea.

Key words: Helicoverpa armigrea; climate warming; area fitting for survival; DYMEX; predic-
tion.
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Fi%#s H. ( Helicoverpa armigrea ) J& T 83 H ( Lep-
idoptera) R E} ( Noctuidae ) , Hig P12 , 38 % LU
JUHESEF AL (R ) TSN T S R (T
JC,1998) ., AR H R T FE A A R R Dl
T PR, A VLR DA DX A T L, L AR T
AT S I W NS O i | A i A WL I
T LA IX. 5 P4 A A ki A DX ) i | R 45 4 A
PR ESHREER S, MRyt % F
FYIEHA 250 270, FEAEFMIE  EK /NE i
R DRI ERY B i R A B R
J& FRAFFRAL , B HON PR IE 1 AR ) dAR 5 (HEIGE F]
AT HR4E ,2007)

20 fiEL R TIR T2 0. 74 C, TRk 100
SRR PRARAIHG RS T I 21 R AR A
YTt 3 °C (IPCC,2007) il BEJE R MR #4 i AR I
RE BB R A58 R 1 2 5 ) 42 52 ) A2 iR
Sy B R R LT E R A s N, CO, W TR
TS AR AR A (] S e AR KRB R
A IR THE D B R AR KR B R AR AR
S BT Y A A T B A e (2
PP ,2010) o U I S22 2 ) B B 52
M) 2R 04 v R A DX, M R A K il 2
ARk IR ] 749 B HR 1 1) s 6 R v VA IX
MM 2> ( Parmesan & Yohe, 2003 ; Walther et al. ,
2005) .

AR A A B e T T I AR (A Aok A=
W) A5 B A 85 I AR S AR X 3 (Pearson & Daw-
son,2003 ; Finch et al. , 2006 ; 1% £ #H55 ,2009 ; £ 18
34,2009 ; Lawson et al. , 2010) , i T A AR
PR A ) SRR CLIMEX 2 Fim A= 17 4 43
HYEERA 35 T B Z—(Yonow et al. , 2004 ; {5FH4E
KIS, 2005 ; Lawson et al. , 2010) , 78 SCR 4
TA BRI A ) SR AL ( DYMEX 3 ) FTEDE
AL FEARAE ArcGIS , X A 4% HUAE Hh L5l A 1 A0 =il T
ey e A AR A 1300 A Y R A5 AT T, S 1) R
XPAAGEAE AR 3 R 2R -G T W MR SRR AR

1 #H¥EFEE

L1 bR
LT ARERSRIOE A AR (TR R B
PO MR BT 4 2 3 -4 R KT
4 -5 16, R 6 -8 6. At Bl P
A A | H BRI 15 C i

FoAr (LIRS I0,1995) . ARAR Uk Bk AR
JE410. 66 C, 58— R A B R 515,75 H
(ARTHI0%,1995) , I 25 °C ~28 C , ol THiS
WEA, FE20 C JHIE(10 h) &4 F, /iE & B
ARG BRE, MAE R KR (16 h) &%
PFT MR AAEA & (258 i 55, 1981 £
M35 ,1999) , 7E 33 °C ~39 CHIZARIRAME T, Miss
AR R IS AR IR T 1 AR R g e S
A ISR B R 33 C (XA AR AE,2004) , FREZK Al
T AKX AR AT BRI IR, S
BEANT S K >T1. 4% F1<35. 7% I, HR 4% HUFRRE &
AR BT B (SR 44 ,2001)

1.1.2 HUETHSRLEE  ARO50RRH]
WAk 25 5 Tl 58 4121 (CSIRO) FF & B9 DYMEX
V3. 0 FI3E EAE RS 58T (ESRL) FF A MY ArcGIS
VO.3 B FE 431 T2, DYMEX V3.0 &
DYMEX V2.0 B RRA G0 & T Al sh 884
CLIMEX B7E A X F00 A S S A A R 2 T A9
() A A 73 A0 TR 45 3 A SR  ACHIF 9 2 2R A IS W
ANPEHEIEAT 43 A DX TR, 308 e A S A A 5 T )
GRS I VR R L Pt S RV N SR R Y & |
FRL S50 (o 7 R ORI, ) F R Aot S AN
[F] S I, 35K 1P £ 5 00K I A A AR 4, A g 4 T A
TR ANALE L b DXORIAE 007 35 A BE (46 A (R D85S,
2004) . ZEAE A 88 A Gl AT Y LAl AL
Wi, ARG 45 AreGIS i {5434, #h 72 3 %] 730
Al Cl A E E R R L R e PR hip //www.
ema. gov. en/ , 1 FE5 1981—2000 4F 20 4FF i |
SERPRXHREE A SRR K & | H s A B RIS
SRR R .

1.2 ik

1.2.1 4 H DYMEX S8R E RIS
T GERE, w125 3 DYMEX 23087 T 75 22 1
FISHARIE EPPO T /A A5 1A AR 48 Ha 76 th 25 1) 43
A1 3l ( EPPO, 2010 ), 484356 5 BRI 1 B EE 4 Ry 81 1
HiL X, S5 A IS B A= W P B A GEoRE, R A2 R
DYMEX £ TUSHL, i 4% A RRIN 09 53 1 5 EPPO
A Y SE BRI W) &, W10 B 8 A RS Ml 7
UCHER, R4 PR EDFE /) 40 A 5 EPPO A&, A
M E DYMEX 8018 ; 28 J5 1 FH © i 1) = 50l
Mz B AERTRLAR LA E5) DT B ASE B R 51
100, DA S E 0 i v | fe 8 FH TAR S HUiE
AMEHTHY DYMEX S8R R, BT HAYI %R
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FERR S UL B R G IR B | Rl R B SR TR B PR
AR AERNREE SR B IR,

1.2.2 MEBRAEPEMEANESEARE R
P DYMEX ¥4 8 B0 153 Hh Ly Fh i) A e K 8 4k
(GI) ,$RJ5 FRE5-A Whan 45 %5 A2 B30 48 50 PR
ZF (U A SORUR ) | B AT A5 3 AR S S S B
(ecoclimatic index, EI) ( PR IEEE 2006) , ¥y Fh Xt
B bl XA S A 1 3 S R AR R R R B OR
EIFBUETER A 0 ~ 100, HAE K /N B T 356 A B )
KN EHEFEE T 0, RINZH X ATE SR A
FE; EHEESE T 100, R BHZHL X IR 45 0 T
FiAE (Sutherst et al. ,2004) , A SCHEF| FH DYMEX
TOIN AR S HUFE v ] VA 0 AT I A B, RER A A
RO A ELEITE 20 2247 3 SARES U ™=
SAEAHLIX. ETEAE 10 247, I, A SCHR S
L1 A b AR A A% i 3 R B o TR A 0 A1 3 A
FEEEOT N 4 9. E1=0 AARES RS A2 X, 0<El <
10 AR E A2 X, 10<ET <20 H & A4 X, E1>20
i EEIEA X, MRPERE ) DYMEX S 8UE 5315
BRI e P E (38 2R ET S, TG 4 A BT
A SR 00 o A S R TE v [ A 3 AR AR A
ArcGIS 25 [A] 43 B Hh B4 sz 1 28 in AL ik 4 2 118 2
BAMGEAS B A T4 (8 5, 15 2R 48 U 7E b [ Y
TETEHEL AT AR A

1.2.3 S MRARARXTARES O AR VS IR 52 SR
DYMEX Z%%{H , 184 DYMEX 4% {4 v 355 B8 11 [ 1 Ak
P (TR0 Tk B2 R 3 T 2 8y Bl - e K/ /b
WEE+3 C; B AR R A EL T -20% , 5
+20% ) BRI TR 3 °C Je AR 4% HUFE o ] A v
TEST ARV, 2R ] ArcGIS #EATHE(E /007, £5 HH Af
AT (43 °C) A% HU7E v ) B ROk 40 A 4 S B
FE5 AR HrE b 8 AR X AR RIHEAT EE X, 2 By

F1 BB HEREBEESEXE DYMEX XS4

AT R R A H 3 A R B e R R 5
ArcGISS Z B GERI A DYMEX Hb 5 28 25 B K R 45
BE A AR B A X AL RS B 26 AT Y i
e,

2 HRE5HMH

2.1 M HAY DYMEX MHES 5l
HRPEARAES B A= 2= BBt W1 20 1% 7 DYMEX 43
M F s B 45 00 280, il ad DYMEX 2 8 B 0L 3
AREY B RIS N S BUE (R 1), B =
THHFH 20 DSEL, X LESEUR UL S L T AR AL HUR
A A B T SRR AIE R0 X A A a0 8 4% 1 £ 22 T
FEHE,
2.2 R BAEIR I TS ALE S5 A0 i S 3 AR AR
AR BT AR o0 A 1 AR SRS BUE B 46 (E
Ay BT IR T AT A3 Hs X A AR 4 SR A TR A S B
MIX(E1,3R2), Hd @RS AE X FE R
B | NI = | ST NSO N P Y QUSRS 6 7 e
TR TR DX DU 1|55 95 58 A EL 3 b X YT g
R LK RS I8 FH A5 PH A O B ) L #de
FRHLIX (FLBH RS AEER AE M) FI G A kAR X
(AR BEM ) 90 EE A A b DX (VD R AP
BRUN M) TR T s ER A ST
IR FAL BN KB = V%, T 2R 2R BB 1 M IX
(7 iR sk ) (TP R B A0 M RN AR 5 R R
M D (BT M e ) o AR AR UGS AR FR A EL fH AR
22 ~33 X RS HUTE 3 6 M X ) A A T 3 AR A
¥ HRERE A DX A A 28 ] AR VI 38 R o
A X ERETT A A A FR B EL{EIAF] 11 ~ 20,
T4l [X R A7 B A A A Ak 5 T B Sk BH S 1 DX 3R i
AR TR, R AR DX A b K 2
KRR 3 T AR A P E i fE 0

Table 1 DYMEX parameters for predicting potential distribution of Helicoverpa armigera in China

Eeais e E L E ZHE
KB EIRE(DVO) 10.5 75 Kt E Y LEE (DPTO) 20
AR R (DVE) 20 W 2k RS (DPTL) 33
WEEHARER(DV2) 30 HEE P KB (DPD) 15

PR M = i (DV3) 39 K &0 H (DPSW) 1

A AR (PDD) 515.75 ¥ 38 T iR SR B {E (TTCS) 7

R il 1 e ATV 3 (SMO ) 0.02 7 i BUR HE (THES) -0. 00009
TEEEE R (SML) 0.3 30 I b BARRE (TTHS) 40

T FREE F PR (SM2) 0.7 e FRAHEEE (THHS) 0. 0008
WL ] 8 e o Y BE (SMI3) 1.5 T30 T i B A {E (SMWS) 2

& WEE B H B8R DPDO) 10 TR a A EE (HMS) 0.08
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Table 2 Potential distribution of Helicoverpa armigera in China
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EI>20

EA R EI=0
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HERLR (0) ,
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(2) HEARW (1) L (8)  KE

LUPIIIN =30 R I T R TL R i N
S CH R, T BRPE TTE E
AR LVG AR Ay X8R, L4 F AR
(1) VT (12) 75 5 (14) &M

WRE WAL, W, =
[N N N
YLV 23 HON A ils
SEER T IX I, AL K T

EH(0) 4

(10) Jfhbk(10) %

(4) JEF (5) ET(9) T Fk
(6) A3k (5) VG (2) . ETT(3),
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T(5) KB (8) BT (7) M
(7) FfE(9) JUT(10) Bt(6) .
BEh(9) MR (10) MFH (7). B
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(15) R (18) ¥R (15) . H &
(15) A (19) K (14) .7 &L
(11) BB (1) B H(12) 20
(14) BN (14) RN (11) P4 42
(17) JFE(18) AHFKE(19) J M
(18) VYL (13) (#Mg E (19) FHIL
(15) F B8 (13) &I (20) .tk M
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(24) BT (22) HEM
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Fig.1
of future distribution (B) with increasing 3 °C in tempera-

Current potential distribution (A) and projection

ture of Helicoverpa armigrea in China
LIRS AR X M E T BEE A IX, B AR BEE AR X, 1 A ARE
A X

TRREE A X EZ A AE AR A =48 DB | U R A 1
HuIX AR HUE AR 8 8L BT IR F) 1 ~ 10, Fli 5 S v
AR AT, 3K 46 Ml [X 2 R T st i A= AR A% i
& F S X, JE3E AR X B A 76 SRR VL 4
FHL FFFF IR (B, N 528 BT HLUR FI 1648 1Y
KR,
2.3 RIS B AR Y R S

Bl 21 e R ek WA 3 C, @it
DY MEXER A Hh i 5 0 R T 110 Ak B8 DR kB
WSE SR T ek / fe/NEEEF +3 °C; FE AR
R NTEATE-20% , HZF+20% ) , TR 4 BUAFE
F R ARG A DX (8 1), BRI, 32 I T
FISEINA , 57 FF A IR AP 2 | R S5 b X A4S
AR A XA IR TS AR X, AR AL U S A X
JEHHE— 2L K a1 dbat AR ORJE GE 2
EM R —Z Y RALR EILBH R RN R R A
IRAK BIEE—2k s 70T NS d CHON
P R 43 b DRI AR WV AL B3R o X,
Hh BT A TR RR DX Sl DR B 3 A DX 5 74 Ay v B 3 A
X, M A X AL 20 3 A4, Wik -1 T+ i
300 ~500 m,

R4S L g 3 3 A X AR AR R R A, ) A P
i DX e 7 55 H 7 A8 A K M X, P R b X PO )1
PO SE A EL 3 1 X A 3 L B 22 R, OF
B AR 29 150 km )7 PG Hb D3 A= v B H R m)
AL 2. 4 AEBE  ARd e X 8 R 1R b 5
VLA 2y 2.6 NAE, 734b, [Al—iE A 5% N
(1R 1 XS 3 AR R B (R AR KR K
HB R AT AR EEBH PRPY RS S R A BN
b7 R I N7 QNS 7 oy e (s I K 5 8
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R, Fe A AR AR o0 3t X AR A RIS A2 IX
S B A, AT R R DX, AL LA )
DUEFE 2L B B PH IR TR ARV AR
JUVRR RS T BRI Sk AR E S
T A v A 5 SOt DX 24 IS e R A X e A Oy
JEESE A= DX T g B R AR 3 LXK, ) 2R SC P
T AR 3 X 45 42 ol o 2 305 A DX 72 8 IR 1 2
D<o T34, TRl A 55 20 A 18 5 2 s DR B8 TR 3
AR EUE (ED) 22/, b st AT 50 RHEAE

3 i i

AHIF 5T TN 2 B, A AR B 45 R T A8 i) 4y
A3 DX IR 4352 B 1) I A0 ) PG 75K, 2038 4 v B 3
A (CRIK ELHESE ) T AR R, (HAR A &40l A X
(AEdbH X AERE b X T A s N R X
A5 ) THIRRIRCAR o i U A G A AR 1 X 58 L5 ] 7Y
FRISHED ( E #1997 ; BRE A D F 7%, 2010 ; 224
RIS ,2010)  FREAC T FPGEHL X, 22 100 A
mE B2 4 R R D SRR A, N2 R
T AR R R 2 50 L XA, X BB R 4 S UM 4% T
REDINGRE KA AN, AU & 1 KU
T REMERG K (S BhA 45 1980 ; F 1E 2248 2003) . #r
SRE R T AR DX MR 3 336 A X e A Sy v TS A X, I
RGBT JLAT 2 A A8 o Bk ] o KA K 7 s )
FIE AT, T SR AL PR A T AR SR
1o, Pl B SR 0 ) T 251 e ) Rk 2 3 e v R
fi /DT SE PR ERIR DL, A S HL B4 43 A v L B[R] 2 = R
Wi ; [RIESE et B BRI B 22 K iAE &5
Wi, e R AR A AR RN R,
RS L AEBE P 5 H R 28 B Ad KoK Hiu X, P9 1] 5 75 g
LA B R R A X R AV EI YR, XS
B 7E 5 H i S A A 8 T PG b P Bl AR X, ELAR AL Rl
A T RZR A4 5, 1R (SR 3 5 17 B 7 A XA
S (XIRBRFNE 45,2007 ) o HHL X K AEAEBI NS,
A 705 W A R, M A UK T R R A P RE MR K A
B B L SURIT gk, AR AT BE 23 TV 19 PG B2 1
FIHTIEAR X, ) 2 52 0 81 B2 7 2 AR X (TR RS A5 )
FINT R AR X, T U ) 1] 5 1 A A Ak B 3 L 7 T A
W7 LR 35t R 4 VD YT 2R 2 A T 45 s, 2 D 1] A
FRIX, 2 S T bl R IR S B, VA
W RIS AR AR T, R B 4
T, 95 B 58 e B T REPE S

FESMRAR I 25T, At A pa i 0 i X AR 4%

T A DX T B AR S, T RE S R AR R R 2 A
B B A7 R K 2 ] 99 T 4 He e R T e
A O TR Z A TR 28 JUlf B9 E 7 P2 S Bl
DR E B R R, [FAZ S AR B S R AR A
RECEE R 2 2 5 0K 20 XY A7 4% HURh e
KA TREMRERZ —,

HRAE A ) AR FI0I L (R 7E S AR A SR R
AW oA TE B 5K T AR T 7R A 2% 0
Wi A - 14 a1 00 R 85 2R T S B & A 1 A8
AN T RN ER TSR RN LR R R A
SESCIAEY T E R R R, Flan, TR RN
H T B HOME DI R T R B A A AR ) T2 B
XHARAE I SV ( Pelini et al. , 2010) 5 M5 5 4
Yy PR 2 L[] FH 52 g L A B 1 B A A v kA3 A
(Merrill et al. , 2008) . 1AM 5% IF F AN % &
SAEFABRR T ENRZXN YRR KT
FRYRE W], A0 1A T RS 1o L T &5 2R (R 41
2004 ; Lawson et al. ,2010)
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