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Effect of global warming on insect: a literature review
CHEN Yu, MA Chunsen”

Institute of Environment and Sustainable Development in Agriculture, Chinese Academy of Agricultural Sciences

Abstract ;: Climate change is an important environmental problem which has caused great concern around the world. Climate
change-particularly global warming-has a direct and indirect impact on poikilothermic animals, especially for insects and the
biotic community around them. We review the most recent progress in effects of global warming on insects and methodologies
used in the research. Global warming may lead to an advance in insect phenology, and shift in geographic distribution to
higher latitude and altitude. It may also restrain abundance of the low temperature adaptive species and promote abundance
of the high temperature adaptive species. In addition, global warming disturbs the synchrony of host plant-herbivore-natural
enemy in phenology and other interactions among different species, modifies the spectrum of host-plants and feeding
capacity of insects. An intense stress caused by long-term high temperature leads to a variation of gene frequency in insect
population. Furthermore, global warming in terms of the increase in daily average temperature and maximum temperature ,
and the decrease in diurnal temperature have crucial effects on the development, reproduction, and survival of insect. The
main research approaches to study effects of global warming on insects include: direct observation in field, regression
models developed with historical data, day-degree models, and ecological risk assessment programs e. g. CLIMEX and GIS,
paleontological comparison, ecological experiments in climate chambers, and examination of the gene frequency with gene
marker. At last, we review the weakness of previous studies and point out research directions in the near future; (1)
investigating biology and ecology of more species of important crop pests, and inter-specific interactions under global

warming scenarios; (2) studying more on insect adaptation to high temperature; (3) developing new experimental
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approaches and collecting better data under artificial climate conditions; (4) constructing validated ecological models of

insects which was driven by temperature and other ecological factors.
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F& 3t (Macrolepidoptera) A fREJLF# X H- 7 ) o SARAEBR R FBURD 1 78 307 A L3R 6 M bk b ) B
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Pieris napi % 8 FhM|SEFM BRI GSAIRAT T 7—35d") ;38 35 A EZMIBE b 2404 30 A U DU S AN RE R
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T HADCM3 AIFT & ST 2050 4EAHR BEFHE 4°C, 5% 30d J5 i 60d PR i m iR 7 T8k A
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B I AR 2N EH R ECE PR AR KL, TR T SR A S RS T/ NN IR AR AL
ASE R
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pineti A8 1R BRI ZE N 12°C i AR UG - A ME AR 58 11 50 Sk 2, B RIR 25 8°C I, Hakt
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AR 5 FhJ7 EE R BRI SRS HE A B BB
2.1 HERBEEIB SRR B B R

g R BE TR 5 g Eh IR, FOOMI s U B T80 A 1 M 5 B A 00 « Ao WA I o A IR
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LI AR TN A Z SR TR 1C AR 5 Rl BT R 3RAT 4—19d, Stefanescu 45 LI PG BEF
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[T USSR | 43 BT S B0 M o o B 5 v M A MO R AT 50 20a B9 2 A4, 3 A 4,6 A MR T E AL,
Conrad %' AR B Y2 [ 1968—1998 4E 1A% - 50T ik i s BB RV ER , 35 T DASUAT SR b 4R %58 A
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2050 4E H A A = ¥R M E EHRE, B 2031—2050 47K fF AL IE | i 5 K R EVE R B RCE S
1981—2000 4F [ 3:hl 31, Oberhauser & Peterson'® #i#E B bk £ BE i Danaus plexippus B 143 b X Jz B
PRSI T L A BT R IR B S AR S 75 5K , 7E HHGSDXS0 F1 HHGGAXS0 SR 1E &= T , Bl i oK >k
50 AESREAR IR Bk S PEREN NE & 7 B PG B P A . Harrington 251 32 F DUR B 45 3R B8 R 7, R AR 22
e RISR: (Residual Maximum Likelihood Methodology , REML) | BLIYAH 3¢ 437 F1 3= 5440 B X5 BRI 29 Fefrigr oy
PR BT T 3285347, 456 HADCM3 ATFT S5 5, B3] 2050 47857 B g vk H B4 bl 1L B2 g T 42
Al 8d,

LR R B A RRIRAE R, B AR SRS 5T R R A B AURE WA SRR IREE T 2 A R 0
SRR B R A R M Bk, BRI IR A E T R F AR R RGN &R R
RERARBEFABRIRPI N EY #3805 , 85 8 SURFF X AR R R IR A SRR RS =
T F B R A AR, T B R RS & DL R MR AT, Morimoto 2517 I A SR R BB KR S
AMeDAS IK4E T H 4 1986— 1995 4EZ B R BEHHE , 8 T AR 5B K8 B A B AR, T 192 < 4%
155 2100 4E9R B FH s 2°C B, —ARIE 45 4 B E B H A B & B AR m, 4 i b . Yamamura &
Yokozawa' ™ S F IR KA L. striatellus % KA MAURMRFIZE 1S92a S 4314 5 T F§ ECHAM4/0PYC3,CCSR/
NIES, CSIRO-Mk2 , CGCM1 % 4 Fh BB ALK 2060 45 R BEAE ¢, T K " EEE H A< AR JL At it X &
HEAREE B, 3 SR B KR SR B0 KM &« Ghini 217 @3 GIS X B 74 b B 47 408, 1l il 1961—1990
4 A R IV IR B SF 800 , 76 KU & AE (A2) R IR AR SRR M B0 (B2) R TE R T IR A
SCFRIRAE AT 2010—2039 4 ,2040—2069 4 F1 2070—2099 FEMMEREH K L. coffeella 7E B VY & A4 AR F1E
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141, Robinet 2%V SR TFH5 S AHKAE S IR BE 9°C LA b SEAMRARIR S} 0°C LA L Bk 4l BB, R =2 IR
R 1, R 1992—1996 47,2001—2004 £EFA R SHRL B T, pityocampa BAER BRI G AW B HRK
KB AR ST B R R AR B SL AR, 454 Météo-France  ARPEGE-Climat” S {5 % 5t , il Hf 2001—2030 4&,
2031—2060 i B AN FF AN AHR T. pityocampa 1535 [ B 430 5315 PRI B 7
2.2 AR SRS AR B R
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W3 AR S SR B R AE 28 . AR CLIMEX 7341 5 4518 1) B ELWL, {EL{SUAR 48 A3 R T 4 o 14 366 2
X, R R A E KRR AW 3 D BG% $ R 2 2 [ B A B R E A X A5

GIS SR (At T SRR R X 3 U (1) B 2 T B, 3 ) TR SR 5544 T 3 B U VPG L B 3
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2004 S MEEHRE S TR T, pityocampa 15 2 W22 46 BE SE BHRTE A8 GIS HL RIS HY - SRS B K R B0

http ://www. ecologica. cn



8 # PRE 4. SRR B B BT kR 2165

S FHRAE R E AL AL R LS 87km , 76 3 AL E A 4K BTt 110—230m, Hagen 2572 3ot 48 gL S5 0
TGHERIAR A R 0. brumata & DXIGHATHUN , 345 T 4 A 10 % B [H] i %5 & f, F§ GPS-Photo Link 3 {44
WL [R5 3G TE A GIS b, 38 3k Xof b ] K 5048 43 A7 HE A 2 -S43 BE 3 - S B0 A RO Oy B T8 BRI MEARY %
MR MR IEAN , Fh T S AR R A RO T REE B R MR I K AR & o Meerill 255 26 PG BE 2 vp 3 TGA B 1
WA FFREX GARMIN GPS %% B 5% (L bk Wi e UTM Ak bRzl GIS [, 38 i £ 1 m1 U3 T30 A 40 A8 % 28 7y i
Aporia crataegi 53 AR T E o

2.3 EE AN RIS R B AT AR AR R X B B ) R

AN [EME IR T A B R ) A amE 2, BB SRR R T B R e B AR IR AR T AE KRR T VB AT
S MBRNTIREA RERED X Bt 45 B3 7 R MBS AR RN BB R, BRI 2
Deutsch 25" )\ SCHRZE SR IR N E T S BRA 30 38 45 1 IR B AT Acyrthosiphon pisum %5 38 Fh B HU7E A [RIIR B A6
BT WAAESR, A5, B IS Ea S5 gdE , B B A RRET 38 #REBFMBENNEEK T, 70
SRR B EAFNREE T, AR S ET # N B3 28 fb 26, 76 1950—1990 4F ()35 B B8 5 a1, )
FE ARG R 8 TR RIEEE T B P BEHE K S T 2070—2100 4E7 [R] 46 B B e i $AGE fy  , R BLZE
150 45 BE TR R DX B AR A A 2 YO LT, SRR R A R T B AR BB K 5 T 7RI 26 B P X B M X P
AR R TR AR FBURR, BPAEFHR IR BEAR /DS, Xt B A B e , B R NG K4

S & T TR R B0 B SR 5T S AR AS AT B & 7 AR M 4Rl . Gomi 5% 8 182022,
2325 27°ClHIR, MR R E BN A K KT, DL E SRR S8 B H %A T D65 Kok A 1 AREE fn .
Heide %" 75 N T AG P 15.19.24 .28 \33°C FfE /KR, W E T AR E T % FHY TR S R 1
AR LK IE G R E R, R 2R BEERENEY T RARZEMEEER RRE RN,
Braschler Al Hill™ 7£ 18 21. 5,25 28. 5°C 48 i B9 T SMEAH AP B WL (1 45k 8 Polygoniac-album %)y BB
WELE A AT RIS BRI 3 FhF EAEYIET R B E KB R RS R, B IEER SR BT
VIR RAEBE,

ANFAR IR T A B R ) A s 2, BB SRR AT B R . N TR T ARSI R R S
ARE NS B LN A B F- B, Holopainen I Kainulainen"™ 76 N\ TSMRAG S E T 2 AR IEAE R . 2 ) o 4E iR
12°C, HR43 724 20,2224 .26°C 1 28°C , B % Il 25 2 W 34 I 5 B R B2 43 ) O 20—12°C ,\22—14°C [ 24—
16°C 26—18°C 1 28—20°C , B i 215 Jy 8°C , LA [ BH 2% 2= 45 25 4k v 1) /B 1 Tk 25 728 Ak %o 408 1 s K 7
S. pinetiEF8 J1 RN . Whitney-Johnson ™ 2y T [ B < 5 A8 8% rh B 4 IR IR R B TH B W 3R AR K R B IO
o, B T 3 AR, B 1 AR RISE E AR B IR A AR, A 6:00,11:00,15:00,18:00 1 22:00
Fras , RBE AT AN E M - 11,28 .33 28C 1 16°C ; #555X 2 AL 1R BE T 4°C , BP 11:00—22:00 Y& BE Rl
1,22:00—11:00 4353 _EF+k 20°CHF 15°C ;855K 3 B RIRBEF R 4°C, B (E)IR B 58K 1 AR, BRI
BESYH) Bt 32,37 32°C , B R EHREFH R B FBCEH A BN EBFA . Ma SV 7EREA R X%
TR it B E g ge o, AU E T 8h 27,2931 .33°C iR, 16h 20°CER AR EE, A RET R
IRALFREIR B 1.2.4 .6d, 7E B IR b, Ma 265 508 T 5 RS 40 A9 5 1R IR % (27.28.29.,30,31,31.5.32. 5,
33°CH134°C) B H = IRATE (2.3 4.6 .8h/d) FIE R ARE(1.2.4.6d) % 3 MHETF, Al T AR L EHBET
MUFEARFRNR BB T AN . XS IRE S B ARIT B E WS T BN 22 05 T i o
HatE

WA, S T A L E R A Y B 5 B L RE ST S 2R, Calosi 261 ZEBFANGE B T 46 BEAH I (B 3R A IR
4 FHERUN B B\ Agabus spp. , ok B BT FIE T 14. 5°CH1 20. SC/AKBFHGEN 7d, %3+ T R ERLE, #
FAVHSE ML B KV IR BE LA Bh 1°C fiE B FHR B RER , WEEE /K Hh e BURRSR AR BE R Al 4 Aok BT e 8 &2
HIREETEE . B, PR IR E (A didymus 5 A, brunneus ) BEIE B i BE 15 Bl L 55H B W F g B
T MRLBESE M 25 PR AE SRR R A7 1 T 32 B3 K W 7 T 2 o

http ://www. ecologica. cn



2166 g & ¥ ik 30 &

2.4 EFHMEHIIE SRR X B B EE A R

AR, B T A WA BRI TR AT B B BT TS o i T RS I AT IR T 358 K
AR PE T ) B SE B R e (A R A A S i R TR U R A, TARIC R E R TR R R R
Xt B A SRR R . LRSS (Adh) ZE IR R TSR R 43 BE o A AL B — N E AR IC RN . RIE
RIBH LB SRR LI (AdR) FBAFLE TRE BEERH R, A Adh PRS2 TARE, R H T Adh' H BUIR
REHFERE AR, Unina 5 0133 H 20022004 455 1979 1982 4R [5E , & Bid % 20 AESARALHE
VAR BA77E TR A ARG B B A Adh* B BT AP I IUE ) e R S X, A iR T 4 MR
BB ZARBERIR R, SR 48 Drosophila subobscura AP 5 R % 22 R AR & W R EBMAR,
Balanya %77 it 4 T 1980—2004 4F KK Y . B 26 Y . Jb 22 P 3 A K Bl AR B O [ 46 FE 26 RS [ i R SR
D. subobscuraBetifh Chype, I AT AR 55 o0 A5 Hu X IR BERAE , 70 A EESL T 4 B SR BE R EB BE S QL AR Chy
PBIREATR A G TRAR T , 75 Hh 5 BE AR R BRAIR , YR BE B TRS , B SAR SRR R 9 4538 . Walters 61 JESE [ Y in situ
(JRAL5 ) ARICHBE R F 3D 4SS Chorthippus albomarginatus J&HJG , K HREHCE B R L, SR BENLI AR IC /G
RO IE L, 73 HIC T T 114 SRR 154 Sk R K4 R B R 5 I e v 1L 8 260 UL B2 U , ik 2
BRSPS e R R B AR S5, A 2 [ U e S 3 B 5 M R 8 ) SR IS 2R ) AR AR % 5
SRS B B AR
2.5 FAAFEICFRPIF RN B B EE

e TURY R B L A BEAE BT AL i S AR T 22 B R R B RRAE , AR A S TSR BT R KR
AN B S5 A RN B A OB AR o A8 B A vl T SR B P st B TR AU IR 58 I 50 AR AR AL 3R 6 T
5 FRBCR , [RIE A0 DR AR AL BOE T B RER ) A ER 94 v B sk B VR R T LA B A AR
HR AR H PR SRR ALV A R R AL T UESE ' o A T -4 T 1A% ) (The Paleocene-Eocene
Thermal Maximum PETM) J& K #J 5600 J3 4 Rij & A= ) — IR BRI IR AR 1F, B H Aij i) R R BL B A 7]
Hut , Currano 251 SRR T 58 [ VR U1 M HE 8 2040 3t 787 thE- S B HEAR PRI S HL AT 5062 Bt -k A
b O E S AEIR SR o LI R B R B T AR B BRSSO A B B
B, BERN B BRI, 15% 22 38% i 71852 T B HL ) SBEOR s ZE 468 w0 30 LA R SRR P T e
PE ,33% HyM-FEBIBIR ; AER A A 57% pomt BRI . B R DI 3 M 7 BB i EL
BIA R BT, BB RRAC R R B R R R PR
3 RE
3.1 WHRAE LR IRATT R ASR A 57 T b a] LA A0 B HUE PP IT , $h RSx4

B2 35 R RSB A H RS RGAREM T AR R RBOR AR R P K A B L2
EB RGP SRR RIS RN B R A s EEEATY . 4R kB
7 ?&iT”ﬁfﬁe‘Eﬂ%ﬁﬁgﬂﬁﬁﬁ KA R AR R RN RS S T, (A RRME
B BIABIIREE R IR VER KM B E R R e A BEER , TR T = A U & R A5 1)
PR JBA AR, ﬂ“ﬁﬁﬁfﬂﬂﬁii‘ﬁ%%ﬂ%ﬁ&ﬁ 55 BB AR X AR . BB
W5 A TP SR AR RN B BB oA AR BRI 30 A AR R A 2 WUV T _E SR, S 1 Xt AR B R X 3 B
5% FHWE G RERTTRE T WH5E, 0 RAER AN T B B 597 Y AR EAE I LA SCE B [E]
T KEMAHMRMAFERLR, UREREESFEE EMTITRRGEHIIT, I7 6 B B 2B RSB XAk
BB RGN RE T L R o

WRFER A, ARBS A A 5 R 43R T 7, S it A 22 55 PR Sy R g ) 40 e el 5 T B R ) F) B R S
TR AR BB TIIT N RIRAY KRBT E AT EMFEER . 2T IR A1
[, 22 To KA IF 25 43 A FE S Mk D, T AE V-1 AR A8 700 A 0 1 0 SR R 4 v A A A MR Iy o R R, R
SRR B IEE ARG WA TSR, B R E TR . REIH S EBR Hih 2

http ://www. ecologica. cn



8 # PRE 4. SRR B B BT kR 2167

A FRUE' ) 4353138 13 T K S s A BIR B ] AR B A AL B R K R 5 % R R 1, P R R EE R F ML
Z DAV B SR LA B IR AR ) A A B U B B TKOR RE N RIRBE RN (R R R
FEAFRANT Ay b ey O YR BE T X B B SRR R T R M R AR EE R L

FEWFR SRR T B B0 i 3t ORI B B fp 2 |, BT R B TP R GRHEIX, 4 B A B 7K 78 3 e A i
N. viridula'™ | — {b 48 C. suppressali 2 B\ ¥ T. confusum . b o ¥ ¥y 48 E. kuhniella'") | B2 BB 1 W N.
cincticeps JK K\ L. striatellus'™ % ; £ E B C. aeneicolli™ | ZASERYF A. tsugae™ ; WU () B 15 SR 08 D.
melanogaster'® ™) FE/NSZ R B, dorsalis™ 25 5 KR Y () 5 L0520 g g [OTShT igk A. cajal® KR C.
lemnata'®) | B /NG IR P. viteana™ | B A. mellifera 53E M P, rapaet™ | WG 3EIRE C. pilipes™’ , Jp T\
Agabus spp. ') BEBEAN TR R A R 0. brumara'" 7 S TR B, & B B R B 7E)E E R KA KB 58
/0 B P I E TS 0K L. coffeella'™ | BRVHEF HSBRK & BEME D. plexippusi'®™ DA K [ /NFE i R P 45 ey
FARFEE BGEREAR, HEANASE SRR S, A LEH R ESRLKE FERIEYRE
T2 A B FT , Xof 1 TT A 2 I 3 %o SRR AR o
3.2 R ETES A LB T WS SR 5 A R S R

RAESFARAT B BB oE sh i T BRI RN e b AE Y e imiE S
B EEET RO BN LR N RGEEMEAN T 0 Z 2R KRR ; & AP Rtk RefE s,
TCEER VI B B B 3 SR AR R AL s 0 AR IE s RO A 58 A B P #0382 122 2 ) A i) — b R 35 Bt , TR vk
P B AT 500 ) 3 B R BCR Z8 AL s R Climex SEERAFBOE P UBRIEAR U A — € & TR R B He
A7 W5 AR U3 P 0 S0 e o S e S A 25 A B 5 A B ] _E R AR AR b M AR 2, N TSGR 0L R < A IR
AR AL TR PR R

EA RIBFFE R ZF A L2 ) i1 R 5 B IR R s g b B WiR TS BRI E T &
FEEF S RBAEKET JEE AN S ) X sy g AR SRR b AT AR S AR A X R
B, b b, SRR F M € IR E AR FE ARG S T IR TTHUN & R T A R A
AR R BRI EE K B AREFHNE H 2R IR 5 B RN , T X S To M) )28 A% B e P A B R B

GRZNR, DR  , N TCASARAR IR BE AR A R B A A Bk U R R SR R RN 188 . 124 Mk, B

SR Ma %85 13) Holopainen F1 Kainulainen"®! }z Whitney-Johnson'® ' {4 T #82& , (AR5 5 BE X 150 113 {4
ERE RGN, ¥ A BEHER S B SRAR IR B SERRE Bt AR TS B, SR X B VR BRE
BERNR B SRR R RHAE , UM A R AT 57 505

PR B SRR R T IR S Y B R A R S SR LR A R SRR X B U FEF B2 —, EAKK
R R 22 S ) FH S0 B MU 15 B0 8 S 1) B M A U SR R 4 B 5 15 [ 40 SR 8 2 T i [ A 2 s ) 1 IR
HE W) ST AT I 22 S A R B A AR B S G I AR RS 7 7 0 1240 MR e S AR fy g 7 R T )
S HUIEHEEE SELE M AR B i X E A IR KRR, i TIRE T EMARA —BUE R R IRER K, B
PP E AN A B A — & R 2 T AR R T R 4 YRR B A YR AN T A [ AR AR T3y oAt A A
P E RN, B, BB BT A TRBRER R THRE LR AESFEEHIE MR R R4
KEE Far BT A0S T %51 78 A TR B W 7 A 25 LR ASE 7R A B by A 0 SR e A ) 7l A PR Y
BB IR S22 ST B A SR IR, SRR DRI £ A AT R BEARE ST 3 e R A B AN 2% BE AR AL

References:

[ 1] IPCC. IPCC Fourth Assessment Report (AR4). Cambridge: Cambridge University Press, 2007.

[2] Zhong HL, Shen Y P. Review of Global Climate Change in 2007. Advances in Climate Change, 2008, 4(1) ; 53-56.

[ 3] Smith H. The effects of elevated CO, on aphids. Antenna, 1996, 20(3) : 109-111.

[ 4] Stacey D A. The effects of climate change on invasive insect pests in the UK. Antenna, 1999, 23(4) : 254-256.

[5] BaleJS, Masters G J, Hodkinson I D, Awmack C, Bezemer T M, Brown V K, Butterfield J, Buse A, Coulson J C, Farrar J, Good J E G,

http ://www. ecologica. cn



2168 g & ¥ ik 30 &

(6]
(7]

(9]
(10]
[11]
(12]
[13]
[14]

[15]

[16]
[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

Harrington R, Hartley S, Jones T H, Lindroth R L, Press M C, Symmioudis I, Watt A D, Whittaker J B. Herbivory in global climate change
research; direct effects of rising temperature on insect herbivores. Global Change Biology, 2002, 8(1) ; 1-16.

Ge F, Chen F J. Impacts of elevated CO, on insects. Acta Ecologica Sinica, 2006, 26(3) : 935-944.

Song Y, Xiao N W, Ge F. Influence of earthworm on C & N content in soil under elevated CO,. Acta Ecologica Sinica, 2007, 27 (7).
2922-2928.

Gray D R. The relationship between climate and outbreak characteristics of the spruce budworm in eastern Canada. Climatic Change, 2008, 87(3/
4): 361-383.

Du Y, Ma C S, Zhao Q H, Ma G, Yang H P. Effects of heat stress on physiological and biochemical mechanisms of insects: a literature review.
Acta Ecologica Sinica, 2007, 27(4) ; 1565-1572.

Speight M R, Hunter M D, Watt A D. Ecology of Insects: Concepts and Applications. Blackwell Science Lid, Oxford, 1999.

Broadmeadow M. Climate change: impacts on UK forests. Bulletin 125. Forestry Commission, Edinburgh, 2002.

Hickling R, David B R, Jane K H, Chris D T. A northward shift of range margins in British Odonata. Global Change Biology, 2005, 11(3) : 502-
506.

Musolin D L. Insects in a warmer world: ecological, physiological and life-history responses of true bugs ( Heteroptera) to Climate change. Global
Change Biology, 2007, 13(8) : 1565-1585.

Kishino K. Ecological studies on the local characteristics of the seasonal development in the rice stem borer Chilo suppressalis Walker. Bulletin of
Tohoku Agricultural Experimental Station, 1974, 47 13-114.

Imura O. Stored-product insects in a barley mill, 1: Seasonal abundance of insects. Report of National Food Research Institute, 1980, 37:
98-108.

Hirao M. A survey of infestation of Indian meal moth by pheromone trap at house environments. Journal of Pest Science, 1996, 11 18-23.
Morimoto N, Imura O, Kiura T. Potential effects of Global warming on the occurrence of Japanese pest Insects. Applied Entomology and Zoology ,
1998, 33(1) : 147-155.

Stephens A E A, Kiriticos D J, Leriche A. The current and future potential geographical distribution of the oriental fruit fly, Bactrocera dorsalis
(Diptera; Tephritidae). Bulletin of Entomological Research, 2007, 97(4) : 369-378.

Umina P A, Weeks A R, Kearney M R, McKechnie S W, Hoffmann A A. A Rapid Shift in a Classic Clinal Pattern in Drosophila Reflecting
Climate Change. Science, 2005, 308 (5772) : 691-693.

Edward D A, Blyth J E, McKee R, Gilburn A S. Change in the distribution of a member of the strand line community; the seaweed fly ( Diptera:
Coelopidae) . Ecological Entomology, 2007, 32(6) : 741-746.

Dale V H, Joyce L A, McNulty S, Neilson R P, Ayres M P, Flanningan M D, Hanson P J, Irland L C, Lugo A E, Peterson C J, Simberloff D,
Swanson F J, Stocks B J, Wotton B M. Climate change and forest disturbance. BioScience, 2001, 51(9) : 723-734.

Logan J A, Powell ] A. Modelling mountain pine beetle phenological response to temperature. Information Report-Pacific Forestry Centre, Canadian
Forest Service, 2004, BC-X-399. 210-222.

Carroll A L, Taylor S W, Régniere J, Safranyik L. Effects of Climate change on range expansion by the mountain pine beetle in British Columbia.
Information Report-Pacific Forestry Centre, Canadian Forest Service, 2004, BC-X-399; 223-232.

Six D L, Bentz B J. Temperature determines symbiont abundance in a multipartite bark beetle-fungus ectosymbiosis. Microbial Ecology, 2007, 54
(1): 112-118.

Hodar J A, Castro J, Zamora R. Pine processionary caterpillar Thaumetopoea pityocampa as a new threat for relict Mediterranean Scots pine forests
under climatic warming. Biological Conservation, 2003, 110(1) : 123-129.

Hodar J A, Zamora R. Herbivory and climatic warming; a Mediterranean outbreaking caterpillar attacks a relict, boreal pine species. Biodiversity
and Conservation, 2004, 13(3) ; 493-500.

Battisti A, Stastny M, Netherer S, Robinet C, Schopf A, Roques A, Larsson S. Expansion of geographic range in the pine processionary moth
caused by increased winter temperatures. Ecological Applications, 2005, 15(6) : 2084-2096.

Battisti A, Stastny M, Buffo E, Larsson S. A rapid altitudinal range expansion in the pine processionary moth produced by the 2003 climatic
anomaly. Global Change Biology, 2006, 12(4) ; 662-671.

Robinet C, Baier P, Pennerstorfer J, Schopf A, Roques A. Modelling the effects of Climate change on the potential feeding activity of
Thaumetopoea pityocampa (Den. & Schiff. ) (Lep. , Notodontidae) in France. Global Ecology and Biogeography, 2007, 16(4) : 460-471.
Dewar R C, Watt A D. Predicted changes in the synchrony of larval emergence and budburst under climatic warming. Oecologia, 1992, 89(4) .
557-559.

Visser M E, Holleman L J] M. Warmer springs disrupt the synchrony of oak and winter moth phenology. Proceedings of the Royal Society of
London, 2001, 268(1464) : 289-294.

Hagen S B, Jepsen J U, Ims R A, Yoccoz N G. Shifting altitudinal distribution of outbreak zones of winter moth Operophtera brumata in sub-arctic
birch forest: a response to recent Climate warming?. Ecography, 2007, 30(2) : 299-307.

http ://www. ecologica. cn



83

Mt & SRR R B R R 2169

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]
[55]

[56]

[57]

(58]

[59]

Asch M V, Tienderen P H, Holleman L J M, Visser M E. Predicting adaptation of phenology in response to Climate change, an Insect herbivore
example. Global Change Biology, 2007, 13(8) : 1596-1604.

Karolewski P, Grzebyta J, Oleksyn J, Giertych M J. Effects of temperature on larval survival rate and duration of development in Lymantria
monacha (L. ) on needles of Pinus sylvestris (L. ) and in L. dispar (L. ) on leaves of Quercus robur (L. ). Polish Journal of Ecology, 2007, 55
(3) : 595-600.

Logan J A, Regniere J, Gray D R, Munson A S. Risk assessment in the face of a changing environment: gypsy moth and Climate change in Utah.
Ecological Applications, 2007, 17(1) : 101-117.

Pitt J P W, Regniere J], Womer S. Risk assessment of the gypsy moth, Lymantria dispar (L), in New Zealand based on phenology modelling.
International Journal of Biometeorology, 2007, 51(4) : 295-305.

Thomson A J, Benton R. A 90-year sea warming trend explains outbreak patterns of western spruce budworm on Vancouver Island. Forestry
Chronicle, 2007, 83(6) : 867-869.

Volney W J A, Fleming R A. Spruce budworm ( Choristoneura spp. ) biotype reactions to forest and Climate characteristics. Global Change
Biology, 2007, 13(8) : 1630-1643.

Paradis A, Elkinton J, Hayhoe K, Buonaccorsi J. Role of winter temperature and Climate change on the survival and future range expansion of the
hemlock woolly adelgid ( Adelges tsugae) in eastern North America. Mitigation and Adaptation Strategies for Global Change, 2008, 13(5/6) : 541-
554.

Franz J M. Dispersion and natural enemy action. Annals of Applied Biology, 1964, 53(3) ; 510-151.

Ward N L, Masters G J. Linking Climate change and species invasion: an illustration using Insect herbivores. Global Change Biology, 2007, 13
(8): 1605-1615.

Buda V. Distribution and range extension of the speckled wood butterfly ( Pararge aegeria L., Lepidoptera, Satyridae) in Lithuania. Acta
Zoologica Lituanica, 2001, 11(3) : 326-331.

Rafoss T, Saethre M G. Spatial and temporal distribution of bioclimatic potential for the Codling moth and the Colorado potato beetle in Norway
model predictions versus Climate and field data from the 1990s. Agricultural and Forest Entomology, 2003, 5(1) : 75-85.

Kruus M. The greenhouse effect and moths’ response to it. 1. How to compare climatic and Insect phenology databases? Agronomy Research, 2003,
1(1) . 49-62.

Bolotov I N. Long-term changes in the fauna of diurnal lepidopterans ( Lepidoptera, Diuma) in the northern taiga subzone of the Western Russian
Plain. Russian Journal of Ecology, 2004, 35(2) ; 117-123.

Turchetto M, Vanin S. Forensic entomology and climatic change. Forensic Science International, 2004, 146 . 207-209.

Pollard E. Temperature, rainfall and butterfly numbers. Journal of Applied Ecology, 1988, 25(3), 819-828.

Dennis R L H. Butterflies and Climate Change. Manchester University Press, Manchester, 1993.

Parmesan C, Ryrholm N, Stefanescu C, Hill J K, Thomas C D, Descimon H, Huntley B, Kaila L, Kullberg J, Tammaru T, Tennent W J,
Thomas J A, Warren M. Poleward shifts in geographical ranges of butterfly species associated with regional warming. Nature, 1999, 399 (6736 ) :
579-583.

Roy D B, Rothery P, Moss D, Pollard E, Thomas, J A. Butterfly numbers and weather; predicting historical trends in abundance and the future
effects of Climate change. Journal of Animal Ecology, 2001, 70(2) : 201-207.

Thomas C D, Bodsworth E J, Wilson R J, Simmons A D, Davies Z G, Musche M, Conradt L. Ecological and evolutionary processes at expanding
range margins. Nature, 2001, 411(6837) ; 577-581.

Hill J K, Thomas C D, Fox R, Telfer M G, Willis S G, Asher J, Huntley B. Responses of butterflies to twentieth century climate warming:
implications for future ranges. Proceedings of the Royal Society of London, 2002, 269(1505) ; 2163-2171.

Stefanescu C, Penuelas J, Filella I. Effects of climatic change on the phenology of butterflies in the northwest Mediterranean Basin. Global Change
Biology, 2003, 9(10) : 1494-1506.

Roy D B, Sparks T H. Phenology of British butterflies and climate change. Global Change Biology, 2000, 6(4) : 407-416.

Zhou X, Harrington R, Woiwod I P, Perry J N, Jeffrey ] N, Bale J S, Clark S. Effects of temperature on aphid phenology. Global Change
Biology, 1995, 1(4) : 303-313.

Harrington R, Clark S J, Welham S J, Verrier P J, Denholm C H, Hulle M, Maurice D, Rounsevell M D, Cocu N. Environmental change and the
phenology of European aphids. Global Change Biology, 2007, 13(8) : 1550-1564.

Dingemanse N J, Kalkman V J. Changing temperature regimes have advanced the phenology of Odonata in the Netherlands. Ecological Entomology ,
2008, 33(3) : 394-402.

Gordo O, Sanz J J. Temporal trends in phenology of the honey bee Apis mellifera (L.) and the small white Pieris rapae (L.) in the Iberian
Peninsula (1952-2004). Ecological Entomology, 2006, 31(3) : 261-268.

Braschler B, Hill J K. Role of larval host plants in the Climate-driven range expansion of the butterfly Polygonia c-album. Journal of Animal
Ecology, 2007, 76(3) : 415-423.

http ://www. ecologica. cn



2170 g & ¥ ik 30 &

[60]

(61]

[62]

[63]

[64]
[65]

[66]

[67]

[68]

[69]

[70]
[71]

[72]

(73]

[74]

[75]

[76]

[77]

(78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

Hodkinson I D. Progressive restriction of host plant exploitation along a climatic gradient: the willow psyllid Cacopsylla groenlandica in Greenland.
Ecological Entomology, 1997, 22(1) ; 47-54.

Hill J K, Thomas C D, Huntley B. Climate and habitat availability determine 20th century changes in a butterfly’s range margin. Proceedings of the
Royal Society of London, 1999, 266(1425) ; 1197-1206.

Kozlov M V. Losses of birch foliage due to Insect herbivory along geographical gradients in Europe: a Climate-driven pattern? Climatic Change,
2008, 87(1/2): 107-117.

Heide T V, Roijackers R M M, Peeters ET HM, Nes E H V. Experiments with duckweed-moth systems suggest global warming may reduce rather
than promote herbivory. Freshwater Biology, 2006, 51(1) : 110-116.

Wilf P, Labandeira C C. Response of plant-insect associations to Paleocene-Eocene warming. Science, 1999, 284 (5423) . 2153-2156.

Wolf A. , Kozlov M V, Callaghan T V. Impact of non-outbreak Insect damage on vegetation in northern Europe will be greater than expected during
a changing Climate. Climatic Change, 2008, 87(1/2) : 91-106.

Davis A J, Lawton J H, Shorrocks B, Jenkinson L S. Individualistic species responses invalidate simple physiological models of community
dynamics under Global environmental change. Journal of Animal Ecology, 1998, 67(4) : 600-612.

Stireman J O, Dyer L A, Janzen D H, Singer M S, Lill J T, Marquis R J, Ricklefs R E, Gentry G L, Hallwachs W, Coley P D, Barone J A,
Greeney H F, Connahs H, Barbosa P, Morais H C, Diniz I R. Climatic unpredictability and parasitism of caterpillars: implications of Global
warming. Proceedings of the National Academy of Sciences of the United States of America, 2005, 102(48) ; 17384-17387.

Yukawa J, Kiritani K, Gyoutoku N, Uechi N, Yamaguchi D, Kamitani S. Distribution range shift of two allied species, Nezara viridula and N.
antennata ( Hemiptera: Pentatomidae) , in Japan, possibly due to Global warming. Applied Entomology and Zoology, 2007, 42(2) : 205-215.
Conrad K F, Woiwod I P, Perry J N. Long-term decline in abundance and distribution of the garden tiger moth (Arctia caja) in Great Britain.
Biological Conservation, 2002, 106(3) ; 329-337.

Newman J A. Climate change and the fate of cereal aphids in Southem Britain. Global Change Biology, 2005, 11(6) : 940-944.

Maistrelloa L, Lombrosob L, Pedroni E, Reggiani A, Vanin S. Summer raids of Arocatus melanocephalus ( Heteroptera, Lygaeidae) in urban
buildings in Northem Italy: Is climate change to blame? Journal of Thermal Biology, 2006, 31(8) : 594-598.

Yamamura K, Yokozawa M, Nishimori M, Ueda Y, Yokosuka T. How to analyze long-term Insect population dynamics under Climate change; 50-
year data of three Insect pests in paddy fields. Population Ecology, 2006, 48(1) : 31-48.

Yamamura K, Yokozawa M. Prediction of a geographical shift in the prevalence of rice stripe virus disease transmitted by the small brown
planthopper, Laodelphax striatellus (Fallen) ( Hemiptera: Delphacidae), under Global warming. Applied Entomology and Zoology, 2002, 37
(1) 181-190.

Tobin P C, Nagarkatti S, Loeb G, Saunders M C. Historical and projected interactions between Climate change and Insect voltinism in a
multivoltine species. Global Change Biology, 2008, 14(5) : 951-957.

Ghini R, Hamada E, Pedro Junior M J, Marengo J A, Goncalves R R. Risk analysis of Climate change on coffee nematodes and leaf miner in
Brazil. Pesquisa Agropecuaria Brasileira, 2008, 43(2) ; 187-194.

Levitan M, Etges W J. Climate change and recent genetic flux in populations of Drosophila robusta. BMC Evolutionary Biology, 2005, 5(1):
4-15.

Balanya J, Oller ] P, Huey R B, Gilchrist G W, Serra L. Global Genetic Change Tracks Global Climate Warming in Drosophila subobscura.
Science, 2006, 313(5794) ; 1773-1775.

Rank N E, Dahlhoff E P. Allele frequency shifts in response to Climate change and physiological consequences of allozyme variation in a montane
Insect. Evolution, 2002, 56(11) ; 2278-2289.

Hoffmann A A, Dabom P J. Towards genetic markers in animal populations as biomonitors for human-induced environmental change. Ecology
Letters, 2007, 10(1) : 63-76.

Gomi T, Nagasaka M, Fukuda T, Hagihara H. Shifting of the life cycle and life-history traits of the fall webworm in relation to Climate change.
Entomologia Experimentalis et Applicata, 2007, 125(2) ; 179-184.

Ma C S, Hau B, Poehling H M. Effects of pattern and timing of high temperature exposure on reproduction of the rose grain aphid, Metopolophium
dirhodum. Entomologia Experimentalis et Applicata, 2004, 110(1) ; 65-71.

Ma C S, Hau B, Poehling H M. The effect of heat stress on the survival of the rose grain aphid, Metopolophium dirhodum ( Hemiptera:
Aphididae). European Journal of Entomology, 2004, 101(22) ; 327-331.

DeBarro P J, Maelzer D A. Influence of High-Temperatures on the Survival of Rhopalosiphum-Padi (L) ( Hemiptera, Aphididae) in Irigated
Perennial Grass Pastures in South-Australia. Australian Journal of Zoology, 1993, 41(2) : 123-132.

Holopainen J K, Kainulainen P. Reproductive capacity of the grey pine aphid and allocation response of Scots pine seedlings across temperature
gradients: a test of hypotheses predicting outcomes of global warming. Canadian Journal of Forest Research, 2004, 34(1) ; 94-102.
Whitney-Johnson A, Thompson M, Hon E. Responses to predicted Global warming in Pieris rapae L. ( Lepidoptera) : consequences of nocturnal

versus diurnal temperature change on fitness components. Environmental Entomology, 2005, 34(3) ; 535-540.

http ://www. ecologica. cn



83

Mt & SRR R B R R 2171

[86]

[87]

[88]

[89]

[90]

[91]

[92]

(93]

[94]

[95]

[96]

[97]

(98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

Oberhauser K, Peterson A T. Modeling current and future potential wintering distributions of eastern North American monarch butterflies.
Proceedings of the National Academy of Sciences of the United States of America, 2003, 100(24) . 14063-14068.
Bryant S R, Thomas C D, Bale J S. The influence of thermal ecology on the distribution of three nymphalid butterflies. Journal of Applied Ecology,
2002, 39(1) : 43-55.
Michael J, Samways, Osborn R, Hastings H, Hattingh V. Global climate change and accuracy of prediction of species’ geographical ranges:
establishment success of introduced ladybirds ( Coccinellidae, Chilocorus spp. ) worldwide. Journal of Biogeography, 1999, 26(4) ; 759-812.
Vanhanen H, Veteli T O, Piivinen S, Kelloméki S, Niemeld P. Climate change and range shifts in two insect defoliators: gypsy moth and nun
moth-a model study. Silva Fennica, 2007, 41(4) : 621-638.
Merrill R M, Gutierrez D, Lewis O T, Gutierrez J, Diez S B, Wilson R J. Combined effects of Climate and biotic interactions on the elevational
range of a phytophagous Insect. Journal of Animal Ecology, 2008, 77(1) : 145-155.
Markkula M, Mylymaki S, Biological studies on cereal aphids, Rhopalosiphum Padi (L. ), Macrosiphum avenae (F.), and Acyrthodiphum
dirhodum (WLK. ) (Hom. , Aphididae). Annales Agriculturae Fenniae, 1963, 2. 33-43.
Markkula M, Pullianinen E, The effect of temperature on the lengths of the life periods of the English grain aphid Macrosiphum avenae (F.)
(Hom. , Aphididae) and on the number and coulour of its progeny. Annales Entomologia Fennica, 1965, 31 39-45.
Dean G J. Effect of temperature on the cereal aphids Metopolophium dirhodum (Wlk. ) , Rhopalosiphum Padi (L. ) and Macrosiphum avenae (F. )
(Hem. , Aphididae). Bulletin of Entomological Research, 1974, 63 401-409.
Walgenbach D D, Elliott N C, Kieckhefer R W. Constant and fluctuating temperature effects on developmental rates and life table statistics of the
greenbug ( Homoptera: Aphididae). Journal of Economic Entomology, 1988, 81(2) : 501-507.
Ma C S, Chen R L. Effects of temperature on development and reproduction of the diamond-back moth, Plutella xylostella L. Joural of Jilin
Agricultural Sciences, 1993(3) : 44-49.
Luo J, Zhang X X, Zhai B P, Guo Y R, Zhu J H. Effect of high temperature on the growth, survival and reproduction ofa laboratory population of
the rice stem borer Chilo suppressalis Walker. Acta Ecologica Sinica, 2005, 25(4) : 931-936.
Deutsch C A, Tewksbury J J, Huey R B, Sheldon K S, Ghalambor C K, Haak D C, Martin P R. Impacts of Climate warming on terrestrial
ectotherms across latitude. Proceedings of the National Academy of Sciences of the United States of America, 2008, 105(18) : 6668-6672.
Ma C S. Modelling and simulation of the population dynamics of the cereal aphid Metopolophium dirhodum in Northern Germany. Hildesheim,
Berlin: Verlag Franzbecker, 2000 85-111.
Calosi P, Bilton D T, Spicer J I, Atfield A. Thermal tolerance and geographical range size in the Agabus brunneus group of European diving beetles
(Coleoptera: Dytiscidae). Journal of Biogeography, 2008, 35(2) : 295-305.
Walters R J, Hassall M, Telfer M G, Hewitt G M, Palutikof J P. Modelling dispersal of a temperate Insect in a changing Climate. Proceedings of
the Royal Society of London, 2006, 273(1597) : 2017-2023.
Larocque 1, Hall RI, Grahn E. Chironomids as indicators of climate change: A 100-lake training set from a subarctic region of northern Sweden
(Lapland). Journal of Paleolimnology, 2001, 26(3) ; 307-322.
Swetnam T W, Lynch A M. Multicentury, regional-scale patterns of western spruce budworm outbreaks. Ecological Monographs, 1993, 63(4) :
399-424.
Fleming R A. A mechanistic perspective of possible influences of climate change on defoliating insects in North America’s boreal forests. Silva
Fennica, 1996, 30(2/3) ;: 281-294.
Candau J N, Fleming R A, Hopkin A. Spatiotemporal patterns of large-scale defoliation caused by the spruce budworm in Ontario since 1941.
Canadian Journal of Forest Research, 1998, 28(11) ; 1733-1741.
Gray D R, Régniere J, and Boulet B. Analysis and use of historical patterns of spruce budworm defoliation to forecast outbreak patterns in
Quebec. Forest Ecology and Management, 2000, 127(11) ; 217-231.
Simard I, Morin H, Potelle B. A new paleoecological approach to reconstruct long-term history of spruce budworm outbreaks. Canadian Journal of
Forest Research, 2002, 32(3) ; 428-438.
Beard K C. The oldest North American primate and mammalian biogeography during the Paleocene-Eocene Thermal Maximum. Proceedings of the
Royal Society of London, 2008, 105(10) ; 3815-3818.
Currano E D, Wilf P, Wing S L, Labandeira C C, Lovelock E C, Royer D L. Sharply increased insect herbivory during the Paleocene-Eocene
Thermal Maximum. Proceedings of the National Academy of Sciences, 2008, 105(6) : 1960-1964.
Sala O E, Chapin III F S, Armesto J J, Berlow E, Bloomfield J, Dirzo R, Huber-Sanwald E, Huenneke L F, Jackson R B, Kinzig A, Leemans
R, Lodge D M, Mooney H A, Oesterheld M, Poff N L, Sykes M T, Walker B H, Walker M, Wall D H. Global biodiversity scenarios for the year
2100. Science, 2000, 287(5459) . 1770-1774.
Thomas C D, Cameron A, Green R E, Bakkenes M, Beaumont L J, Collingham Y C, Erasmus B F N, Siqueira M F D, Grainger A, Hannah L,
Hughes L, Huntley B, Jaarsveld A S V, Midgley G F, Miles L, Ortega-Huerta M A, Peterson A T, Phillips O L, Williams S E. Extinction risk
from climate change. Nature, 2004, 427(6970) ; 145-148.

http ://www. ecologica. cn



2172 B Ox ¥ R 30 %

[111] Stork N E. Insect diversity: facts, fiction and speculation. Biological Journal of the Linnean Society, 1988, 35(4) : 321-337.

[112] Bemardo J, Ossola R J, Spotilla J R, Crandall K A. Interspecies physiological variation as a tool for cross-species assessments of global warming-
induced endangerment: Validation of an intrinsic determinant of macroecological and phylogeographic structure. Biology Letters, 2007, 3(6) :
695-698.

[113] Calosi P, Bilton D T, Spicer J I. Thermal tolerance, acclimatory capacity and vulnerability to global climate change. Biology Letters, 2007, 4
(1):99-102.

[114] Ma G, Ma C S. Behavioral responses of bird cherry-oat aphid, Rhopalosiphum padi, to temperature gradients. Acta Phytophylacica Sinica, 2007,
34(6) : 624-630.

[115] Masaki S. Summer diapause. Annual Review of Entomology, 1980, 25: 1-25.

[116] Newman J A. Climate change and cereal aphids: the relative effects of increasing CO, and temperature on aphid population dynamics. Global
Change Biology, 2004(1), 10, 5-15.

[117] Newman J A. Using the output from Global circulation models to predict changes in the distribution and abundance of cereal aphids in Canada: a
mechanistic modeling approach. Global Change Biology, 2006, 12(9) ; 1634-1642.

[118] Harrington R, Bale J S, Tatchell G M. Aphids in a changing climate // Insects in a Changing Environment ( eds Harrington R, Stork NE),
Academic Press, London, 1995.

[119] Watt A D, McFarlane A M. Will climate change have a different impact on different trophic levels? Phenological development of winter moth
Operophtera brumata and its host plants. Ecological Entomology, 2002, 27(2) ; 254-256.

[120] Jepsen J U, Hagen S B, Ims R A, Yoccoz N G. Climate change and outbreaks of the geometrids Operophtera brumata and Epirrita autumnata in
subarctic birch forest: evidence of a recent outbreak range expansion. Journal of Animal Ecology, 2008, 77(2) : 257-264.

[121] Ma G, Ma C S. Upper critical temperatures for behaviors of three species of cereal aphids in leaf temperature gradients. Acta Ecologica Sinica,
2007, 27(6) : 2449-2459.

[122] Stamp N E, Osier T L. Combined effects of night-time temperature and allelochemicals on performance of a generalist insect herbivore.
Entomologia Experimentalis et Applicata, 1997, 83(1) ; 63-72.

[123] Ma CS, M G, Chang X Q. Review of research and application in agricultural pest management with extreme high temperature. Journal of
Environmental Entomology, 2008, 30(3) ; 257-264.

[124] Crozier L, Dwyer G. Combining Population-Dynamic and Ecophysiological Models to Predict Climate-Induced Insect Range Shifts. The American
Naturalist, 2006, 167(6) : 853-866.

SEHk:

(2] %3, WKF. 2007 ELBRUBRAALEE. <ARASMMDFFEHERE, 2008, 4(1) : 53-56.

[6] Zuld, BRRZE. KRR CO, WEERMXT R UL, 225544, 2006, 26(3) : 935-944.

[7] REE, HAESC, XK KX CO, FHRFMLIENE Shxs 8 CN iigm. A45544H, 2007, 27(7) : 2922-2928.

[9] #38, D%, BiEE, DR, HRY. BRI K A B E LB . A5, 2007, 27(4) : 1565-1572.

(951 EH&EZR, BREGRE. WX/ (Plutella xylostella L. ) R MEFLZ WKV, HMARDBLE, 1993(3) : 44-49.

[96] X2, sk, BATF, BEA, KREH. BN ESCIRP A AT MEF 0. 3%, 2005, 25(4) : 931-936.

(114] SR, BEHKR. REGETIXRBESERIT AR, MY A, 2007 34(6) : 624-630.

[121] G, DHEHK. =FMEUEREREPEITNRREAEE. EB%, 2007, 27(6) : 2449-2459.

[123] D&EFR, DE, WiE. b F dERmEn ot e, SRR das, 2008, 30(3) : 257-264.

http ://www. ecologica. cn



	08b60.pdf
	08b61.pdf
	08b62.pdf
	08b63.pdf
	08b64.pdf
	08b65.pdf
	08b66.pdf
	08b67.pdf
	08b68.pdf
	08b69.pdf
	08b70.pdf
	08b71.pdf
	08b72.pdf
	08b73.pdf

