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Impacts of periodic repeated heat events on ecological

performance in insects

WANG Lin MA Chun-Sen™

(State Key Laboratory for Biology of Plant Diseases and Insect Pests, Institute of Plant Protection,

Chinese Academy of Agricultural Sciences, Beijing 100193, China)

Abstract In natural environments, insects experience periodic repeated high temperatures on timescales of several days.
Climate warming is predicted to increase the intensity, duration and frequency of extreme heat-waves and hot days. The
implications are that studies of the impacts of periodic repeated high temperatures on insects over a timescale of days will
become more feasible. Three broad groups of studies of the effects of periodically repeated high temperatures on insects
have been employed: 1) comparisons between suitable constant temperatures and periodically repeated high temperatures ;
2) investigations of the effects of different periodically repeated high temperatures occurring at different development
stages; 3) investigations of the effects of different periodically repeated high temperatures occurring throughout the life of
insects. Compared with suitable constant temperatures, repeated high temperature periods decrease insects * fecundity and
increase insects’ longevity. Insects have different survival rates in different development stages in response to repeated hot
periods. Fecundity is more greatly reduced when exposed to repeated hot conditions during mature stages than when
exposed during the immature stages. Increasing the number of continued hot days decreases survival and fecundity.
Exposure to a certain number of hot days can, however, increase insects’ longevity. Increasing the temperature and
extending the duration of exposure to high temperature both decrease insects’ survival, fecundity and longevity. The
frequencies of periods of repeated hot days have impacts on insect populations and spatial distribution, but these are
different in different species. Periodically repeated high temperatures increase insects’ levels of Hsp70 expression, and
insects’ fatty acid composition differs significantly between those in constant temperatures and those subjected to
periodically repeated high temperatures. However, there is a lack of studies on the impacts of periodically repeated high

temperatures on insects’ metabolism. We point out future research directions, including simulating natural temperature
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variations, and making the research more practical, investigating more life-history traits and elucidating the mechanistic

links among these traits, and investigating more species of important insects.

Key words periodically repeated temperatures, high temperature pattern, life history traits, insects

B HURH A F R B SRR, R 2
WHR,EARESRGEM A S b 4 %
@ (JCR A, 19975 Samways,2005) . B HUJ2
AR W, AR R B B BT R R Y 8 Ak T AR Ak
MmN mE B R AR LF B A
S5 A TG S AN AR B A A 2 7 55 A TE ML (Huey
and Bennett, 1990; Neven, 2000; #3845, 2007)
PRI, 0T B 1A 52 ) o — S 48 A B R AE ST
[N s U VB S ) V- I PR | DR PP S
TE U T e ok B HR A 52 e LA R B RO IR R T v
RS 7 B R B b i A AR 2 e R 2 — o AF
FUEE S R A &, B E R T RILE
HORRRE A AR TN A=) Z AR R B B X
(Brum A 4% ,2010) .

T B2 B B S i B AR A R AR Y
IR, Y2428 1k, K 2 B 58 A LA 48 7R O [R] e TR
AR MR R AR K E B A S A
RSBON T BAEYTE BRI AR A28 X Fh
TR BIVE T o B AR Uil B BLA AR i ) b A 2s ) B
P e R A e P X e S v R AT AL AR 0 A, AL
JEE Ry A P A N 2 Y Y R M AR A, SO
1 A B o v R . BB BT AR R IR LA B A
SR B R AR A R 0 L AR T S R
FR /N A BoF He, DL R TG i ) A Tl /N S 0 Sy BF 5 X
Z LN T AR AU A SRl B B 2246, WEE T
T F B R A S R B 2 W (Ma et al. ,2004a,
2004b; 5 7 7k 55, 20055 & 4 2% AR £ 3C, 2005
Ma and Chen,2006 ; #3845 ,2007 ;& [a] Rif 55,2012 ;
Zhang et al. ,2013) | [ X S5 728 BE 1Y 47 O 3 7
(I %2 F1 T 4% ,2007a,2007b; Ma and Ma,2012a,
2012b) , FEFEML AL 1A d T R A S R 3K
S Y B HORD R 2l 25 8 480 1500 A AL (M, 2000) ,
AARAZ AL S AT B HUR R 2l 25 A5 PUR T 4 At T
AN TR,

R R B IR EE A7 7E LA LR O i 30 o o 4 P A
b, BRI « % 22 ) UK & Tt R Bl i 2 4
IRILRARE K, 15 R ARG I K ) 4 1 28 B s 31
(Klein er al. ,2002) , HARFREE P, 45K HH— K
H s Ut , HLH 0 ey il B2 19 8 IR BE = A KB R 5

2K [R] % H: A5 4k ((Angilletta, 2009) o 3 % H 5 5
T T DA e — KA IR R O, H e e iR B
v il R, H e RO N O I IR B R, H
e U AT B A AR IR R R X R IR R RIE R
T B KRR B A8 kAR, TR R A IE & R B2
RAERK A& Z=38H J e (Klein et al. ,2002) o A,
AVETE HAR IR ST P Y B A B A v A kAR
F18 v T R IR R o A 78 2 5 SO TR 55 A i R
AR IR T R e il R 2 R KA e iR
7+ 5 ( Della-Marta et al. , 2007 ; Ding et al. ,
2009) o AETEAE A ARG P Ry R U AR 52 2 4
PEE A R B R RSB 2, HiE 4 R 1k,
X BE AR AL 5 A Y AR W 2 RO, BEAS BE HTZE W)
S RAEWEFE v o BSOS [ IR Ok L, R
RE LA R 508 W H R H O T f)
XA PR B R R I E AR PR

VLUK Jo1 40 1) o 5 ek 88 78 Al xof [ ol 25 A
F18) A= i 1% 2 F A TE AL BRSO T R S, 2 & 5]
T E A — BBl 22 KA K, Marshall #l Sinclair
(2012) z& 3 T J #9 1: & & K IR ( repeated cold
exposure ) X B LA 520 , Marshall (2013 ) X #E47 1
Jeil B P O AR IR 0 B H 5 e 1 25 5 MRS . TR
5% 742 10 5 S5 PR TR A5 A e R A A, A A5 BIF 5 A A0
PR A TR T B S AR W Y S e B b, AR S
HRAJEAE & 18 W 58 0% AH OC I B, 45 5 O 4F
ok JE 49TV T A v IR G B H B e ) BF 5 SCR, DA
91V 5 v e 00 U A8 X R R AR k)
B ARS8 b N AE LB AR 5 T A 5 e i AT
TLRR
1 FYMEEESENEUER

H RS LALR S B 1 Jo] 309 7 o 5 vy il 2 Ak
Ol IV A I A = S 7 ¢ W - =R S DO =8 A
ORI Y e TR AT R 7 IR Y AR
BB 7
1.1 FAYPUEESENSRIRE

T2 H AR, il B K DL — 8 B L R S )
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AR S5 I 1] 449 1l ) s A 2 kA ) gt A X
TR TS AN 23 B 7 Bk i TR R S D
FET:, T LA AIE B HL 8 I 2 ki A iR AE TR AT
A PR AFTE. Hoh, %HEE M (heat
shock protein, HSP) A& Sk RiAE 30% A4
it e AR X, TE A S I 5 o i 0k R AR S TR IR
#E3C (Hercus et al. ,2003 ; Kristensen et al. ,2003)
R R 43 AF 5% 18 A A T PG A i Rk i, Wl
HOALE C A A e 25 R B2 5, 7 5T b R T A
TR AN ) 5 TR AR 2 (Krebs and Feder, 1997 ; York and
Oberhauser,2002) ,

TEH RS, R 8 A PR e R H AR AR R
R LR A g T ILRBUL R AR 25
WRIBFFE R, LUILR 9 i 0 B iR R AR T 5
FAR AL A, Ml RIFEERECKHE N 6 d(Ma
et al. , 2004a,2004b) ,%8 4 & 2 d(van Dooremalen
et al. ,2011) ,$: = 1 d(Zhang et al. ,2013) , %4k
JUIR 9 3 B A A % B 155 AR ) 1 BF 5 b 4 &5 79 b
i 00— H ORI, 3% 28 LK 19 1H 7€ & i
A% 2 JL R 1Y 48 5 AR IR 28 8 & A R 3X R g 0
T RYE E B R S AR AT, 40 Boezek 1 Davis(1985)
B i H B0 1H IR 28°C 5 5 —Fh & H i A2 X
i, 5 AR AR AR 2R AL, H il B R R R
— B a], i 22 kR JLR, a0 Gillespie 45 (2012) Ay
BiF 5 di g il 40°C R AR AR B R 1500, 1 Al I
[') 5L 8 72 9 [ 9% 25 i 23°C 0 H AR R E IR 0 R
JEE A A T T () o e 0 4 e R R
MR TEIE R R B B R A RS B SR T, X b Al
PR RS AR T BE X B HOHE i — 2 B 0 L AT 52 e
WA R RS T MR EAFELL 24 h
oy Ji 93 4 3L 9 ( thermoperiod ) A2 4k, F1 K i J5E 4%
14 A7 il 1% 391 ( thermophase ) , ¢ I i 2 21K 0 ¥ 1t
] (cryophase) (Beck,1983) o H PN #f 228 272 i (Y
TR A I P A HPLX A it B2 /Y B AR AR e S, D
A i B & T N IE H IR E T 3 & Y ( Bannerman
et al. ,2011; Gillespie et al. ,2012) , {HZ iR 4 5%
PEEFRR A, H Ty a0 0 A IR B R e Y
WEFE AR D SR PR UL AR il B2 i o 28 A Y i 22
BOR A b RO I R 00 AL, A B E Sk
RIS SR 7 3k b il B2 H P o AR AR X R A A
WARA . fEC A BT, Ja 00 v 1) 9 ) B
ek 3 e ) 7 B ) iR B R R IR R AR
oW osh MR B, W SRR SR M Drosophila

melanogaster {RF 5T P =7 15 18] @ 18 1 Sy 5518 5% WL
AR ) 25°C ( Hercus et al. ,2003) 3 2 JC W K & 15
Metopolophium dirhodum >4 20°C (Ma et al. , 2004a,
2004b) ; #k BF Myzus persicae “}y 23°C ( Bannerman
et al. ,2011 ;Gillespie et al. ,2012) ,

UTAER 2B 3 i A2 PR A 43 A 17 e ) = 2k
VEWIHE R R 2 & /N 2 277 /N A AR K &
LR E R AL+ FAERMEM MK N F R
2 LR AE 7 R AR K R N R B A AR R A
s N AR B g0 1 S 09 1 A A X 3
FMF TR R G20 - 1) AR BN Y B 3h i B
A ICHMEAE AL ST M 3 Mo E R (ERKRE Y
Sitobion avenae .7 —. X WF Schazaphis graminum . /K
R IF Rhopalosiphum padi) ;2) R E KM 7 &
MR, HAT R R T M, ) A T A Y
/NS5 3) BAT MR AL, A AR R A Ak
INED BRIRU NG

1.2 BAPEEESENERRER

ME T E A ANE A YOG T A 9 A TR
B A p ot oE, T8 3 M A — 2 A
PR A iR S AR R TR AR LR (1. A, 2
B B iy AN [R) & B B B 28 g A [m) i) ] 20 P A U
(1. B), = 2R By —A 2 P A [R5 8 40 1
Eri (K1 C) . B4 M2 R F PR & )
PemiE 2 A A AR, W T LA B
2T B 2R A B R A e R R R e Y B
Fo

Je 40 T A e IR SR R IR A B A B T
(A) Fros o IR A m i RAE R TR B —E
3 — LA B B, A TR A — A (& 1
AL) o TER N BGE B R SRR R E R E E R,
5 A R ) Y )RR B 1:A2)
i Hercus 45 (2003 ) 4 Bl 1 B Bt 28 1 2o 5 &2 5
PEF B R R (34 C N ALFE3 h, 55 3 d — R AE
A v TR AL B, A ] 2 T 25C TR ) 5 H
b A 25 CE T T 4 77 A0 SR R R WA L #C

B Hmy AN (R & W B 28 D A () 1 o 30 1k o 42
AN 1T(B) Brzn o 1) B [A) A 1 B2 B Be 42
D AR ) 4 ) 300 v i A i iR S ) B HL AR Y S
(F 1:B1,B2);2) B MR AR 09 il 931 3 2 v
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52 e il X () — A= 3 S B B A S 6 B R A R 5
W (P 1:B1,B4) o AnAE & 7 Ja 300 1 o 52 o R X &2
TG WA W 52 0 B AT R, BEAR T 2 TG R AR 0 2
U 3 0 4 U S IR RN RS 1) X A W) R A O i AR
FIRE N B9 S5 6 (Ma et al. , 2004a), Robinet %5
(2013) oA 1 2 ~ 12 d 2 RN 510 1 2 & iR
KFAAFF T Mgk Thaumetopoea pityocampa YB3 J 4f H1 1
SO o WA TEXT RS R S5 b, R AE
FH T AR TE] A 0% s B B, B 4 B YR P I T) A [ 1)
SZWE A S E) 23 1 2 5.10,20,40 .60 min ( Le
Bourg et al. , 2001)

S Bl — A2 22 A () i Je 390 4 o A v i 1
LC) . MBIt EE sty TR —/E, 1L
L N S N OB o A A R A QS
C1,C2) . 40 Gillespie % (2012) &% & T 4 KX — K
FEE 4 d — YA A Y J 30 M o A R, AR
e i P T S AR NS Bk A e A A e R R S ) ) 5
Il .

e A I B R AR SO Y T R 2
HA—& IR LAULR AL B R LA
AR 64 77 2 52 G B A g i T AR O A AR 0%
AL N, 40 Lambrechts 45 (2011) ¥ i1 9 ¥ B 4
RKULIE 5% i 228 46, 36°C 1Y =y R 7 R 2 B —
Ko

2 BHMEESENERNZIE

2.1 BAPUEESERMNEHREGFENNZN

21.1 NEHFFRZENEW RS EAE
PR AR s R B BOAS ) T N TR R
HAL R IRAE T, 22 T0 MR8 I 1l W 1 A7 3 R
TR T & 85 (Ma et al. ,2004a) , %45 5 5 4 bof
Aphis gossypii AN[a] A 1% 52 B B 7E — UM & IR AE H
J5 BTG AR B — B0 (B I 45 ,2010) , ¥ SRR
Huifh B B R S A B T R T R IR R B8
(Bowler and Terblanch,2008) , {H7E — 2L fijf 55 |
B 1A% A TR S B A 3 3R 0T R R Y e A
# ( Ponsonby and Copland, 1996; Duyck and
Quilici, 2002 ; York and Oberhauser,2002; Ju et al. ,
2011), UnERJk 4 B4 Danaus plexippus 1E B & 15
RAET 3 WA BOAA TG AR T 1A 4 3% 4
(York and Oberhauser, 2002 ) ; £ 4 K 77 # W ¥5
Corythucha ciliata £5 " 1% 52 By B 09 i i A7 15 22 00
H e B AR B R g B (Ju et al. ,2011)

Al

A2

2=

¥ ¥ Temperature
%

Bl

B

AW A
AW A

Cl

TAVAVAVAV)
AuA

C2
i [/ Time

1 BAfEEESsENERAENX

Fig.1 Schematic diagrams of the

repeated patterns of repeated heats
;A 27 1 LA R Sy B AL 1 I ) A8 Ak, A A AR 3R 7R 1Y
SRR BE R AL A R B o A AR A A AR 2 R R AR
Ho MPRMLRRESRERRMFBRSE KA. A AL R
RS IR R AR TE R BRI SR B B, A2 RORE E
EE R R AR 3B, BL AN B2 % R HUAE AN R A 9 H B
B EE i, Bl M B3 Ron B RUTE R — 4 3 LB B
Z8 IR R (9 T A2 IR, BL A B4 ROR B dUR — A i
SR B 28 I R RBCR R A2 i €. C1 I C2 /0K
b oA AR s B B 8 P R AR SRR [ Y A R
Time on the x-axis is in days, temperature on the y-axis is a
trend which alternating between high and low. Both the x-
axis and the y-axis do not show an accurate value. Lines
show changes between hot days and normal days. A. Al.
heats happen repeatedly at certain stages of lifetimes in
insects, A2 is constant temperature; B. Bl and B2:
repeated heats happen at different stages of lifetimes in
insects. Bl and B3 . repeated heats happen at certain stages
of lifetimes in insects with different frequencies; Bl and B4 .
repeated heats happen at certain stages of lifetimes in insects
but with different consecutive days; C. Cl and C2; repeated
heats happen during whole lifetimes in insects with different

frequencies.
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PRI, B HOAS [ A 3% s B B 09 A7 335 X e ek 1) ek
2N B TR] B A 40 O BE A He o 1 395 T B I, T
JEREAE B A e A5 1 i AR AT R AR U Y

S B A7 0 AR B ] 0 M o A iR b s R R R
B 20 B % ( York and Oberhauser, 2002; Ma
et al. 2004a) . 15 T 18 K 75 5 5L 6 77 37 % B
HHEE IR REON T d 82 S d g ik
i (Ma et al. ,2004a) . Rk BEYE 1.3 4 &%) &
A TG B A R P R BN 1 d 3 m 3] 6 d
T & Wi B A ( York and Oberhauser,2002)

B HUAY vy il A7 05 R A5 R M A e R R K
o il P A P AR 2 (] SO B i AR R R L. & T
PO A7 0 S0 MF A 9% 4 I g Y R R R T A IR ] 1
h %) 8 iy B B AR, B IR B2 iy 27°C [ 28C T
i 8 32°C [ 33°C 1M W) 2 B AR (Ma et al. ,2004a) .
7 HL 76— UM e TR B A7 1% 56 52 i i i 5 v
B AT A2 0 R IR 55 v R R A 45 8 1 ) %
T B2 s IR R M. ok AR 8% L Helicoverpa
armigera I TE 40 42.5 45 f146.5C F & 1.5
~ 540 min 2 [a] A [a] s (] f) 26, A7 23 T o i
(45 252 I 18] 0 R I 5 IR B2 LG ((Mironidis and
Savopoulou-Soultani,2010)
2.1.2 WEHEEEWNEW MUEEL IR
TR AR R SAHENER TR RAEEAR BEA
i), o5 i A PR B G Rt A A= 5 i (Boczek
and Davis, 1985; Krebs and Loeschcke, 1994;
Hercus et al. , 2003) . 40218 5L wm e B R ) 48
I 4 WHES s S, KA 8T — B A 7E
25C A 32 IR B 19 22 1 SR i ( Hercus et al.
2003) ,

Jl 393 o O e A D I B AT B B
B AR BE B D) W2 W . A Ma 5§ (2004b ) %K B
22 TC WA W 4 W R K i 22 T AR e RS Y
A g, B AR T A SRR T 1 ~ 3 R E Y
XM KA, BAh,45°C 30 min i) — K B84
IAE F F KW Sarcophaga crassipalpis ) g il B2 Al
S HLUR B, X B W A= B A 5 ) R T AR [R] 0 A1
FHF H:4)y i R By B2 (Rinehart et al. , 2000) .
ST U oA v R AR R A IR A AR AL R
i B 3 i B B B A ) B

B H A= A e R AR IR AR 2 K B0 2
i 22 T0 P A8 0 — A R B AR A B IR R
ZERFN T d B mE 6 d mipEAL (Ma et al.,

2004b) . {HZE, 7 D8 B 5 0 0K JH K i Acarus siro
AIBEFE R R R OF R BE T S m IR R 2 KRB 2
T 2 30 H B S B AI% ( Boczek and Davis, 1985 ; Krebs
and Loeschcke, 1994) , MR I itk F , 4b Hi (A
2 AN E T RE R T A m R AR R 2R R BOK
/B O R TR N 8 L R RE T AR 5 Y B
1 o WX ZE T A A W AR Bl B BE S, R
SL1.2 YOO A B R 1Y B2 22 S O i 3 H iR R
SR 4.6 G, A AR B 5 0 52 25 5 % (Ma
et al. ,2004b) . Ti7EBIE RO, ELH
ANAE 1 ~3 K (Krebs and Loeschcke,1994) . 7&
ML R 85 Acarus siro WBIFSE h, VE I il A7
28%C (Boczek and Davis,1985)

B d AR pE i () A e e A R R B R AR
oo A2 J0 KA I 1 A= B R A R OHE Y R
FEFR 27°C [ 29°C F & 2] 31°C (33°C iy W] f B AR
27°C 1 29°C 11 12 T XS 22 JC 0 K48 oF A= B S 14 5 Tl
25 AN H SR T 2 31°C 33C J5, 0 A
SRR AR R 22 5 3% (Ma et al. ,2004b) o — I
TR AR AT B H A= 58 9 52 ), ) AR A B He AR A
5 T A A IR e A 52 S LG Y 45 18 (Mironidis
and Savopoulou-Soultani,2010; Zhou et al. , 2011) ,
s B M B Ophraella communa B B % % T
35.38.41 44 F1ATCHYAF =R T 2 h, H A7 &
B it J3E A T 5 T B AES ( Zhou et al. , 2011)
2.1.3 WEHREGHEW &5 & iREMN T E
KRBT, W & iR AE T, 2B R Y
F-fir W A H5CAH 7 iR 2% A T KK (Le Bourg et al.
2001; Hercus et al. ,2003) . #54RIE , 354 24 A5 50
IO, 2 A= 0 A IO R AT 7R i Jilh 3 2% A 7 A B B A
5 1) B 1Y & M B ( Calabrese ,2008) o ik 7] 4=
GOR R QRIS (e =27/ B INC WA N DR B T B S K )
PRI R AR W 2R S L NS B %
OB C T e 1 R 5 IF 5T, HL AT 4 K 35 W) % Ay AL
IV SIE K 75 iy FAE 2% 5 22 B AR FHAS B TR & ORI
(Le Bourg,2009 ) . — ¥X & ifit [l 38 4E K 28 i 2R g
(Smith, 1958 ) . 7% Wi F& #1 4k L Caenorhabditis
elegans( Olsen et al. ,2006) f{] 75 Ay 52 BL 7Y () B5: 4 2%
AR o AR SCHT G T 14 T 5 vy T V) R R i 5
18 S K ] 25 ) 2%y 800 7 AR Y R MR — 2L

oA U R AR — Y X B Y
A A TR AE M . 18 Hercus 45 (2003) #f 57 %
B, H A e KON 1 d B I3 4 d, SRR R 7
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A HOCR B s, A1 RS d L BER 10
min [ e A T R SR, A B R R AR A
Sd i m#E 15 d m i EEAK (Le Bourg et al.
2001) . W] A e TR A RS U A B E AR T, R
e 2 i R EGR B — E Ho I B A i — 4L
AT RIEN

[ e 75 i [7) o 52 v ek 10 1 B o IR R 45 22 1) ()
BRI A& TC MK A W 77 iy B R AR A0 IR
27°C \29°C J} & % 31°C . 33°C i W] @ [ ik (Ma
et al. ,2004b) . MRJE R 0 5 A BE B IR 5 5E 1 I (]
i1 20 min ZE K F| 60 min 1fij B i B A% ( Le Bourg,
2001) ,

i LRk, B R TR R A s R AE R R
R B W 2y SO, 52 T A v e A R B TR Y
e Ry 22 I 1) 45 S PR L RS2 e, anfE 2 (R &
) RMERKG W Sitobion avenae 1) 75 iy W /&1 i K
RAETRBR S KRB I R LR, RS
T R I ARG B W 2% A5 R0, X Fh LR Wl fE 2 th
BN NN R I F = P A gy AR Y3
T A o PG AR B BE W) A SO0 52 AN Ta] 45 1R 1Y
52 W0 T 5 BN [6) A9 22 B (Lagisz et al. ,2013)
2.1.4 WEERREERGHPERMENZ D

ERAHEER AN RS D, B d g b
VI o = s A T S | T 15
(Bannerman et al. ,2012; Gillespie et al. ,2012;
Sentis et al. ,2013), 58 RKEK4 1 IR EME L
e AH L B T 4 d A 1 R IR R A T
T B EE B 5 (Gillespie et al. ,2012), Bl
1%y 8] 43 A1 Bl J) 400 P o A o iR ) A R 8 Ak T AR
o TEAMRM & & m il T, Bh il w & TS
PRI ( Capsicum anuum ) FEAR PRIAY 1 #R F, H
e A O v U B I Y 0 A e T O3 T A
B 4 BRAE#k _E ( Bannerman et al. ,2012), BEUfH
S 0F L A A e 9 O v IR AR T S AR T AR R
& 5 (Gillespie et al. ,2012) , A LLHEWT , 78S %
7 I S B T IR B R AR AR, B i O
AN i TRAT R g HRGR Y, T T e AR R
23 (6] o3 A B 22 T FEAT PR 1. Ma Fil Ma(2012a,
2012b) J i 5 io $ b 3 C AT Fl ik 7 S5 AT O
A 75 6] 43 A 0 078, DTG R 5 A UL ol A i I L R
TR FIFE 0 . Barton F1 Schmitz(2009) % PG &
Fr i 3C JG MWk Pisaurina mira TEFEEE L0016 5
JEREARG, IR S 4 B 1O i =5 1) 43 A1 A ol 722 s A

[T T (B - R D g g 11 N 2
Wi 1 AN B L A R E— 2D T

e MY - R R -KHC =P8 R R
R ERGE T M EER R R EL
it L AR A 8 T A A EL R A2 5 e 9 R JE B
GEI= o o R SO NI R e < 97 N S £
(Gillespie et al. ,2012; Sentis et al. ,2013) ., UNTE
I W ¥ Aphidius matricariae A1 45 FE B /)N 1
Aphelinus abdominalis IRl AFE1E ) R Go P, 15 & 50
oA U T Ak A B T R A R AR
PETR o E 0 e R B O /N 0 ) B 5 b g
PR R e v, Bk 1 B0 R 52 B A AR D i TR
ST R AR AL B 52 W ( Gillespie et al. ,2012) , FEEL
1 Coleomegilla maculata 1775 W) 2 457, Bk IF 801
Bl AR T IR BAAAE R T R . 7S A1
I, B OR B T A R A M A e e R R
B A, B BT 32 52 Wi JF AN i35 (Sentis et al.
2013) , RFEGES Ho Bk B 090 A v R R A
B W TR AR, (H R R R 26 OR W] T SR
( Bannerman et al. ,2011; Gillespie et al. ,2012;
Sentis et al. , 2013; Bannerman and Roitberg,
2013) , HE ERAES R4 d — RN E 5
R, T U B W ol e 50 W 35 R AR 5 (ELAH ) 2% 1
& LI /)N e Aol R 5 Ak 0 TG W] A2 A ( Gillespie
et al. ,2012) . A, 76 =2 LN BB SR 2 ILAER
AR RGE, LORE TH & o 32 SRR Y M 2 R
AR 2 PR R R B AT R B A
TRZ 52 e, T LR X 9 o 1] 600 5 4 A 8 F 2 A= 55
HARKR AR, DT 52 A A5 ) B Vg 1) 25
WA 2R, RS RGN IGE .

2.2 FMEERENEHRNENENZN
22,1 WEREARAFEBRZEZHEW LY
PAE 3 o 2O 38 5 S BB N (heat shock
response, HSR ) 7= A= K & # i & H ( Feder and
Hofmann, 1999 ; Pirkkala et al. ,2001) , A3 A
B v . — MO UG, BB B (HSP) Rk i
0 A Wy AR I BRCPE SR ( Murphy et al. , 2003)
JEl S0 o A i A P R BRI AR s Y 4R
e, T 0 B U APE . Hercus 48 (2003) fF 5%
WY, 7E 39°C ,27 min BYMBEAE IR 5, & Dy ok
e il R Y R IR LY 3 EPE IR R Y R IR
HSP70 (¥ 1A 48 8 A7 15 5 05 (i Ak i
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e i 5 | R Y ) 2 A BN B A AR
ASE I, L m] fE 5 PR B A 8 B AT K (Tatar
et al. ;1997 ; Minois,2000) ., Kristensen 45 (2003 )
Fo# T E A e iR AR Rl — BARTE 25°CHHIR T 1Y
PR SR A RS 16 1R NS 32 H iR Y HSPT0
Fikm iy e ), 45 2R R A IR AL B Y R R
SRR, A 16 H R I AY HSP70 1933k i R W]
e TR, AR 32 H ORI Rk I R 3 T E
Tk o VA28 Py ack H AT v T AR P A R IR I HSP70
fh 3K B 78 77 i 19I5 00 3 Gk B LL R T 3 T
[ N QA DB S =P N = =
X R HAME AR BN EHELT R R
S iORT T
22.2 WEHRMEANEFREBHZW LE3YiHE
3 F B 5T 20 B A LY ( Homeoviscous adaptation,
HVA) Sk 1 Xof A 1) 1Y) 52 i, 88 Jo 26 o 3k 107 6, 25
JIg 105 W2 25 ¥ A0 2H B 1Y 2k 2% (Hazel and Landrey,
1988 ) . 3 1 B0 14 i 10 R 4 1k, ZE AR I AN
FIVRG JU7 R & S 38 0, e e U T AR AR D R O A 1
fin ( Kostal and Simek, 1998; van Dooremalen and
Ellers,2010) . J#i 1t &2 m iR EH T, B RN
I 15 2 1 2B ok [) 1 O A L K R — s W A8 Al . T
4diEZ2dmiRMEMNT, BRERKMKEIE
Orchesella cincta /5 15 R 2H A% , AN AE B 97 JL K BB AIG
TR R o il K e 78 i 2R W 3 A ARR R ) T
ANHAN, il Rk ) T A, B A R AR
— B (6] I, HC R 5 1R 4 R R O 4 3 1 A8 v TR
KT WBENBR4H il ( van Dooremalen et al. ,2011)
UL A RAE T, B A N R U7 R 4H O A
{7 B I ek v AT 1% 7 A T A A A I e H
i I T 2H Wl e o A v TR T 9 AR S AL LR
Pt AT
3 RE
331 MRAZLELESBEREBETHBHITERL,
WRMRIWZ AN

gi b ik, H A 0 A R R
FR BIF 9 RN TR AL ) o 5 i TR A A
TR A, Pl A w0 S 2 S Rk
AR BN - B EE SR T TR
BTG R R IRA S BRI kA
AR R R B, AR, H Y A iR S AN
BEX LA RE AR A9 vy it 1 A2 R S AT AL, v AN

DU 5 R 5 2y B0 2 1Y SRl 00 Pl s B R AR Ak
[Fi s i A 78 R 3 5504 A i 1 i = P A9 A
A Ja WA FE B S8 03 45 A H AR SR B Y A2 Aok i
T A AN FEF IR R U R A F T R
S A XS (), 5 BOH 28 Py 9 5 2 g i A I
SN TA), A T B BIE 5 Hh 0 4 5 BIF 5 0 4 B AE 3 AR
WS AT & PR Bl BE R WA B S
X A A B ) 2 W, e e A L U S 2 AR R
R RO B T SE gl R, A EBLL TR K AT B R
AT RER 24 h B AR AL, 38 XF A2 B A AR A
o itk K AT B8 H B AR AN [ 455 5 X ORI AR A5 AT T
RGN R BT R AT RE B SN R T A
AR IR, 2 205 45 2 P T B2 A8 AR i 52 6 T A
A — 22l (£ 3#E,2013) .

W3 A B 75 2R (2010) $5 1, AR 4 H AT 2 A 1
il J3E 5 g R 1 3R B A o o A gl A T ) R AL
Lo S AS W8 A, g a7 — B TN A 4R
AT AT YR, WEETRRAERE
T A AR B0 i R o A A B B R R B Y A 9 s
IR AR R R B o AR ST S Y R Uk A
i X B HURE W 4 A9F 5 BT LA O oA A g —
g3 AR S BRI LR T

3.2 HRABLET AEZEHEREEHE
SIMHRZENEKR,ABRARIR

JE IO T A v TR S U S AR bR SN FE PILEE
A AR T DA I A5 B AR A s e . (e 4
Ak, FE 3 T AR T R HL A R i A F3 4 B
SR O MBI, W oK HEAT R R R
H A, 85w il o B AR 28 b 52 i 1 %5 4% R FR
TAENE A A B A A TG AR AR I A
B AT N 2 DA BB U A 25 2 45 Tl ) AT 9 5 A
Z o JEPE I AT R R R PN FE AL R ) 2 4%
BONERZ o C A WS R, LR R OR [F] R 58 4% 1R
i B HUAS [R] S0 78 457 AIF 18] L 4076 55 F [5) P9 76 HLEE 2
[H] 7 7E — & B AUAE ( trade-off ) (Roff,1992) . Hil[A]
22°CHHIR A L, 7 - 5°C,2 h IR | & AEH
T PR SR AT RN A B R AR, 5 26 I
PR EL A ek A TR B, B AR 0 R P B e 0
5 I I G 2 AR HE AT EE T 43 BC ( Marshall and
Sinclair,2010) . PRtk , £ 47 K8 & & AT R R
W) F4 2% S48 A5 Y0 B B T IF, #8572 238 A 8] 4 A
HIRA BT RS SR AT R R A AR
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{18 Ji PR R S AT i 7 A 1 AR A o

HBiT A G 8 1007 A R 0 B e 5 Y 2
B N 2 A B 5 0 ( Krebs and Loeschcke,
1994 ; Le Bourg et al. ,2001 ; Hercus et al. , 2003) |
Wf . (Ma et al. ,2004a,2004b; Bannerman et al. ,
2011 ; Gillespie et al. ,2012; Sentis et al. ,2013) %
{5352 W S E O 2 7 N I =g o= = N 7 N T B B
H. RIS 2 [] — o B2 H P Sy 2 B8 A 45 5 A AN TR
2377 AN [R) 1 L R I M o PRk, A ) R T A
e EZ B AN F RAEAT RGN
(B3 F1 5 % ,2010) .
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