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. B X S0 3] /)s Z2 8 RS FHR AR 7R P R 4 35 1 K g
= 1L B i 1 B9 52 IR

oW, mERT, E T, BER, R, £55C,
WA= A, A H T

(1. PR B T B, FEAIERF 0100105 2. 1% 2224 BA U 1 F RSk, N5 1 22224 011800)

<

. [ B &) e M s F 22 Oedaleus asiaticus 587558 71, 44 :5 F xF 0 /) Z2 32 0%, kAR A of
B AR AR £ B o BB B Hrh, [ R 18 ~42°CRAELE N, A 3C H A HEE 9 AR
B KM R R TARERBERAHTARAL ETERLMFFHRAL o RAA
P77 i 2 A A 2B, R Ak B 2K B 3-7% BR - o B WL 2086 (GAPDH) fe 3-5% B2 b L £ BE
(GPDH) , fig X #t 85 3-72 B4t By A BLEEE (HOAD) Fo = 32 B2 1A 31 % 4 B A7 AL 0% & R B (CS) , A
B 3 b 3 BACE A BACH HALE (SOD) i A AL S8 (CAT) Foid A AL M85 (POD) #97E 1, [ 4R
52 B iy ] g T2 /)y B 22 A R, RAR R T AR e BRI AR K B e L B AL B B RIS R T 3 LAY
6 B A, AR R GAPDH, GPDH, HOAD #= CS #& M 4 51 /£ 33, 27, 33 #2 39°C M & &, ™
SOD, CAT #= POD #3442 30°C i 5 3y ATl 7 v & 134 2 18 C ot ik, EX ZHNXBET
WA R R B E M £ S+ R, RS E T M R k49 GAPDH/HOAD 7ML £ 1.99 ~3.31 2
M, BLRAE R IR T o e e bR R B A R R, [ 4] AnliXey 18 ~42C IR ETE
B A I ) 32, R AR A R BRI AR X B e AU R AL B VS IR R T B B RS g AL A I )
F 22 % kA AT R R AR AR BAEE E M E SR T,

KB ol R B PR RAALE; BRE L
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Effects of temperature on the activities of respiratory metabolism-related
and antioxidant enzymes in adults of Oedaleus asiaticus ( Orthoptera:

Acridoidea)
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Abstract: [ Aim] To elucidate the high temperature tolerance of Oedaleus asiaticus and the effect of
temperature on the activities of respiratory metabolism-related and antioxidant enzymes in O. asiaticus
adults. [ Methods] Adults of O. asiaticus were exposed to nine temperature treatments in the range of
18 —42°C at 3°C intervals under dark conditions in light incubator for 4 h and then recovered at room

temperature for 1 h. The activities of respiratory metabolism-related enzymes glyceraldehyde-3-phosphate

dehydrogenase ( GAPDH ), glycerol-3-phosphate dehydrogenase ( GPDH ), 3-hydroxyacyl-CoA
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dehydrogenase ( HOAD ) and citrate synthase (CS), and antioxidant enzymes superoxide dismutase
(SOD), catalase (CAT) and peroxidase (POD) in the adults of all the treatments were determined by
biochemical method. [ Results] The activities of the seven respiratory metabolism-related and antioxidant
enzymes in O. asiaticus adults assayed in the experiment increased first and then decreased with the
temperature increasing. The activities of GAPDH, GPDH, HOAD and CS were the highest at 33, 27, 33
and 39°C , respectively, while those of SOD, CAT and POD were the highest at 30°C. The activities of
all the tested seven enzymes were the lowest at 18°C. There was significant difference in the enzyme
activities between female and male adults at most tested temperatures. The ratios of GAPDH activity to
HOAD activity in female and male adults ranged from 1.99 to 3. 31 at different temperatures, suggesting
that the main carbohydrates are consumed in the respiratory metabolism of O. asiaticus. [ Conclusion] In
the tested temperature range of 18 —42°C , the activities of respiratory metabolism-related enzymes and
antioxidant enzymes in O. asiaticus adults first increase and then decrease with the increasing of
temperature, and 0. asiaticus adults adapt to temperature change by regulating the activities of respiratory
metabolism-related and antioxidant enzymes.

Key words: Oedaleus asiaticus; temperature; respiratory metabolism; antioxidant enzyme; enzyme
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activity

HE 5 B AR & KR sh 52 A 2% )
IR, AT B AR R AR ROR R RS AT AR TS
7 TP AR T HR B 4 B 52 00 ( Battisti et al., 2006
Wi 05 45, 2015) . [a] B 3 B o o B A b 3 43 A1
(Umina et al., 2005) . & 4 #] ( Dingemanse and
Kalkman, 2008 ) . f #% & & J& ( Yamamura et al.,
2005) 45, R R A KR E I F A SH
¥ A ENAERE AR TR AR AT IR
AR P i, , T 447 e B T 7 BRI T) R A 8 D8, b
HEHARE , iR B I B AR N K
TR IR T2 FUAR , R RK 53 - B e 4 T
iR ISR 035 P 52 B o 2 R, A oy 1 2%
PR s R e, SR A SR RE T
(Hallman and Denlinger, 1998; #1384, 2007), 4
PRBE R B NG F I B 2 B o A Ry R AR P i
R AR AN REREE A7 O b 2l i U
MR A8 A R A8 TC ) 25 A 3 o7 I 5 A B i
P ARBIHLT e T A FRORY . B HHRAR IR e Y
A K 32 2 455 I W A 7K F e S A ALK
o WA — R 2 R A DL NS
PR 2R 2 5 0 T #E BR U5 ) 5T 1) — AR 51 il B vy ot A
(BRAGLLAE, 2018 ) ; BE IR BT I #E i A i i M i
FEME S ACAH SC Al 3 - 2 H il It % ( GAPDH )
0 3-BEIR b B S0 (GDH) |, B D A A G i 3-%2
PLAme A bl 28 (HOAD) L ke 2 5 =R MAGIH 1k
B A e (CS) , Horpr GAPDH 2 MR it 1) — b ¢
FEfly, H GAPDH 55 HOAD IR FEAY LA RTAAT 2

I A 35 T8 FE 1 BE R 4[5 2K AU ( Beenakkers et al.,
19845 ZEH ¥ 45, 2015) o P bRt iy bt A Ak
DA £ 245 A AL B AL (SOD ) i A AL A
ity (CAT) i %A ALyl (POD ) 55, Ah FLER 5 %0F B
BILAAC P A R B3 B30 B, B o AR Py 3 P 4R 2
K, BRI 7 A — R A AR A B A A A 1k
JVE, SOD 7 B s N RE A% 45 S 15 Rl AE T B 7 A
H3Ef 74 H,0, F1 0, ,CAT F1 POD A #E— 4543 fi
TR H,0, , =35 2 [m] 4 HI RS AL P9 3% 2 A
- (YRS, 2016) o BRI BT L AU O
TG PRS2, RERS A48 B HU il B AR 77 1 Hh R Rl
R X v S A S A2 0 3 AL, oy B SRR 2 25
T A HERR A AR

ME I /N 22 8 Oedaleus asiaticus S J& B ¥ H
( Orthoptera ) 12 & B} ( Acridoidea ) I # 182 B}
(Oedipodidae ) i 3 15 V. F} ( Oedipodinae ) 7]y 4 15 &
Oedaleus , 238 [E] 1t J7 11X Sk 3 d5 kg 7™ 2 A AL 35 i
iz —(mA A, 2016) o ZHIRE A RARE
WHRBHE Y A5 12 B A A 28 (B AR FTBR K K,
1994) , Preipihs s £ f5 , B Pd Al B, 3R K
AT R, W R S AR PR SR RS 2R, [ i
SO 7 WO TR SE K R (2R TT A, 20045 ZET,
2007) . MEYH /N AR ms B I R AT K S P, 2k
A4 Wiz S5 BOH A3 A X R A AR IS BRI kA
PR ET A AR R AL, 25 B IA TARA R T ORI
M CFLEEMR S, 2018) o WU/ & AR VR sh i, A
B B BAT — 7 19 1 B8 ), LA 2 B PR i
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JIE R AR U 3 I PR B IR B A R T AR K R E M
ZOH, m R BRI R F (B4, 2000) .
EU/NAEREAN ] & B AR EE B9 75 SR AR TR, K 24K
XS /N A LR AT 58 52 30 TPkt 23 ~ 29°C B
HUA K R WIS FOR L o IR I S M /N G
PR BB A B A5 A i i 3l (SRR A, 2013) , A BIFSE
FUIRBERG I 1 ~2°C ]2 6 AR A UE Dasyhippus
barbipes , WIHN/NZEME Oedaleus asiaticus F1 /)N 4ft g
Chorthippus fallax 5B IS UG 1) & B, 404 X BH 1)
LY A (Guo et al., 2008) o T Y Hj4ER T
AR S YNGR R A AT O 4
WAFLE, Ry T BB A A8 A R S Y /N A2 s A e A=
55 R B2 ) ST YH /N LT 07 AN [ i B o R v Y
FE 2 TH A A0 0 SR M, DATTT 90000 SR 37 % s 3 A8 555 B
R RS R AR AR AL, A RFSE R T 18 ~
42 °C IR0 R PN ST A /) 4 2 s, e e R G B A O g 1
PUAABEE 1, S B I B2 AR AT & AR K T 1 il
B S HTHFERE IR ) B b 2, LU Sy 48 7 e A2 102
AT L e AL A A A8 D R A e R
KRR LS KR S

1 HRE7%

1.1 iR

PR /N A SR AR T N St AR X I 1 0
(41°52'N, 111°56'E) FI4EEEHE (42°10'N, 114°24'E)
RARJG TR AR TSR, B H IR R
ficf T R A/ NS WOl A D A R, T 7R 2 A
g o R e R IS B B, ORI S A
T2 5 o WEPE ORISR O, HLIE R A i A
S ARRERR 7 O A5 , M R A S 200 1 P s S AR
1.2 JFi/NZERe 6K ) 18 R B SR B R 7B 1 =E

AR RUAR L EL A 7 0 /NG5 4 L i A
BEHAMA, KT 18 ~42°C L 3°C R nlfE, % E
18, 21, 24, 27, 30, 33, 36, 39 Fl142°C3H: 9 MR JEF
BB, N T AR P IOOGAR BE 4 h (R DRl e ik 7
SRS G TEMBAM FIRE 1 he GEit# kBl
HFETHIF W AALILS T - 80 CURFEIRTF o —
TEEALEE 20 SR (@ & =1:1) A EEAL B S 3
IMEE,

—80°C VKA h I A WU i Ak RS o 25 RS |
P A E A LR B e BRI, AR TS v Ak P
IR EEAE 1)) I EVEpiisuid H i S i R
A LS mL LG, HIAKE i 4 59 755 v 4 B Y

PEBGR (121, v/v, $EBGRGAF G B J5 =2 5 850
30 s flH 4IRS, K LHE 10 min J5HE K E
i 2 ~3 WARRNH A5 . ¥51 54 4°C 10 000 1/
min Z5F T B0 15 min, 8.0 58 UG A7 0B
WZETHR 1.5 mL 208 e b s ED A
LHUK ., GAPDH, GPDH Fl HOAD i & hidb 5t K
HRAEACEHE A RS /A= = $ i, €S, SOD, CAT A
POD 7] & i b v il 3K A ) B A R 2wl 4 ik,
B 2 B I 2% S22 0 G-250 350030 22 , B A
ST (Spectra Max Plus 384) 7E 595 nm Ji K Tl
AR N B EE OD fH,

FEGBETS 0 (1) ARl &bl /E . Frif
mn BTG 100928 0, 3, 6, 12, 24 #148 U/L, il
FRUESH) OD fH, R )5 ARG 71 9 Ak bs, 0 1Y
OD fE Mt As gz il A o i 2, 7 i 00 s o it 45
350 Sk HOAD: y = 25. 374x - 2. 5537 (R® =
0.9995); GAPDH: y = 63. 628x — 3. 5416 (R’ =
0.9971); GPDH: y = 77. 22x - 3. 9655 (R* =
0.9972); CS: y =53.34x —0. 9483 (R’ =0.9941);
POD: y=197. Olx +2. 6958 (R> =0.9901); SOD:
y=117.34x — 1. 8484 (R> =0.9961); CAT: y =
42.969x —2. 7767 (R> =0.9988), (2) & 5 it
677« R R S OD B AQ A [ il 9 A o T 45
THE AR G 1 (U/L) | B LA BEAS 2, BRI A
A SEBREE TG 3 (U/L) o (3) FF a3 5 B 0% g 19 3
B ARG ) (U/g FW) = FEL SE PRI )/
AP, ABSPIRRIH 100 g FW/L, DIRE S5
BG4 R 48 5 v i A S M
1.3 BB

K] DPS Bl b FE AR St v15. 10 X B dl i 47 4k
B, AR R T 2250 B (ANOVA) X 9 A4k B
JEE T MU ZIN A 05 e I 2 G 35 R O il T PR B 2R A T
T3 25008, IR AR/ b 2 225 57 (LSD) yE X Hi 22 57
AT 22 LA () — A R BT S W /N 4
O e S L[] P 2 383 R A7 ST A S T T P 1 2 R
W EMRA ¢ Kk T

2 #R
2.1 BEXTIEM /I ZE 5 AR B4R ) A KRG BE R
kA

Tt P R AR 5 RS ST 9 /) 4 e S R A P 2
fRIB A GAPDH {1 & AR B2, 75 18 ~ 42°CE [l
T RE A W T o o R e T P S S S ek 4 s
(BT A) o AT il R Ak 3T e ol i 3% A 24 7
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33C U A KA, 43314 0.79 0. 02 F10.97 +0. 02
U/g FW ; ek i il 15 PR 0 T 18°C S e iR AR, 4390 M
0.24 +0.02 f10.39 £0.02 U/g FW A [ L 2 b B
T /NG R N GAPDH {6 78 e L 22 [i] At i
ZIAFTE 22 5% (P <0.05) 5 [F]—iR BEALFT ,
ML) 36°C T o #2255 (P >0.05) , HARE T
25 (P <0.05) o %S00 B 210 I i fk
GAPDH {1 3% 3k 5 1k e

>
o

I Female *
| = /f Male X Ta

=

GAPDHYE4:(Ulg FW)
GAPDH activity
S L 2
N N o)

o
)

(=)

18 21 24 27 30 33 36 39 42
VR Temperature (C)

BEYRE T2 GPDH i 1 75 57 Y /1N 4 s g ot A
WIER S (B 1 B) 78 27 °C Il iy GPDH
TP, A 0.92 £0.01 F11.16 £0.01 U/g
FW ;18 °C B i eI, HfE LA 0.25 £0.02 U/g FW,
MEH Y 0.39 £0.02 U/g FW,, Mt 22 Ji] | fi e 22 1]
FEANTRN LB 25/ F 22 55 1 3 (P <0.05) , AH [R] i &
b PR M A R 42°C AN R B A R (P <
0.05) , H e GPDH i P4 (A0 e vy

=]
IS

I Female k.
L = Jfi Male a -

()

<)

GPDHIEPE(U/g FW)
GPDH activity
o o o
~ o)

e
o

18 21 24 27 30 33 36 39 42
1R Temperature (°C)

BT OR[N I/ 4R AR A ) GAPDH(A) Fl GPDH(B) i 1

Fig. 1

GAPDH (A) and GPDH (B) activities in Oedaleus asiaticus adults at different temperatures

PR FEEZ IR AL 4 b IR TR 1 b PR EIE V3 £ AR B DS IR] K INE S0 43 1) 3R AN [RI IR B2 T Wl St R el A P i 7 1 22 e
WFE(LSD #5%, P <0.05) 5 B S AQFR ] — il BE T Mk pig o 5] 3 035 1 22 5 .35 (P < 0. 05, M7 AEA ¢ K535 ) o The adults were subjected to
temperature treatment for 4 h and recovered at the room temperature for 1 h. Data in the figure are mean + SE. Different capital and small letters above
bars indicate significant difference in the enzyme activity of female and male adults at different temperatures, respectively (P <0.05, LSD test) , and the

asterisk represents significant difference in the enzyme activity between female and male adults at the same temperature (P <0.05, independent samples

t-test). T [EI[A] The same for the following figures.

2.2 GREEXTILM /N ZE RS B B A S 26 4K 5 Bl A 1
kA
Tk S 2 5 ) S U /N 8 g R A P i 2 A
HOAD 75 PE(1E 2) o MEM/NERERA HOAD 547
18 ~42°CEH N S B eHE JE ik i) A2 e . ARl
JEAL R MERfE HL HOAD {5 P X7 33°C ik KAH, 7
B4 0.36 £0.01 F10.38 £0.01 U/g FW; 7F 18°C Hi}
SEa/ME, 4352 0.09 £0.01 #10.12 £0.01 U/g
FW o AR Ak B M sR 22 [ B B2 ] HOAD
TG PETE 39 F142°C 2 AR B3 (P >0.05) , HoAt il &
AP 25 W (P <0.05); [A] — &b PR Z T
HOAD J5MEAE 24, 27, 33 Fil 36°C T~ Mff i o 1] 22 7
ARFE(P>0.05) , HAUAL PR T 257 2% (P <
0.05),
2.3 REXNTILM /NGRS BL K A = SR ER TR IR K48
B & MR 2
T 2 25 5 WA ST W /N 2 05 R R AR P CS i
(F3) o BEIELEE T M0/ A ss s R AR Y CS 6 1
LR BLSCHE R DR A A F, AN [a] Ak B 2T b A

0401 1 Female I, Al
g 0355 4 JifE Male
=~ =030
O
S 2 025¢
£ 2020}
< 0151
Ao
<OC T 0.10F
= 005
0
18 21 24 27 30 33 36 39 42
1R Temperature (C)
B2 OR[REREE T U/ 20 a4 P8 1Y) HOAD Ji

Fig. 2 HOAD activities in Oedaleus asiaticus adults

at different temperatures

CS M HE 39°C A B i KAE, 431 4 0. 84 £0. 03
F10.92 £0.01 U/g FW; fi H CS 3G PEITE 21 °C 1ty
PE/IME, 5 0.48 £0.01 U/g FW, M R 7E 18°C i}
S /IME, M 0.55 £0.02 U/g FW ; A [R] 2b BT i
Mz E] MR Z A CS P22 R 3 (P <0.05) , [A]—
ALHER TR 21 A1 39°C 4b B MEE HLE]) CS 36 2
SWE(P <0.05), HARE T 25 A RE (P>
0.05),
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1.0 I Female
0.9F = jft Male
o 08
E 5. 0.7 ie Dde pd
2Z06tpl B
Z < 0.
0.
bk
7
o 02
0.1

18 21 24 27 30 33 36 39 42
1R Temperature (C)

B3 RN R MY g AR Y CS T 1

Fig. 3 CS activities in Oedaleus asiaticus adults

at different temperatures

2.4 A[ERET I /N 22 08 A R 4 A P R X0
B4 B A

B ANAR R B He A PR 3 b 200 FHAY RE TR
YyJ5i, GAPDH 5 HOAD {5 ¥4 L AH — ELR AT S H1 1B
HAER A A AYFEHR ( Beenakkers, 19695 i >2 2
45, 2005) , OB FEAEE R T 1 I ae s QoA p 2
FIHIZY, /T T ISARESR AL e 1 4521 0R,
75 18 ~42°C 3l B2 N /N A dE i HUA P GAPDH. i
P HOAD {5 P2 FE R LU o 1. 99 ~2.93,
HER FEAETEF O 2. 43 ~3.31, HMEm AT 1 3l
IS0 2 P S/ A ML A e A B R 2 R
BT,

F1 FEALGERETIEM/NEERHERN GAPDH 5 HOAD Fitb{E
Table 1 Ratios of the GAPDH activity to the HOAD activity in Oedaleus asiaticus adults

at different temperatures

51 GAPDH/HOAD 3% Lt Ratio of the GAPDH activity to the HOAD activity

Sex 18C 21C 24°C 27C 30C 33C 36C 39C 42C
I Female 2.71 2.93 2.65 2.08 2.53 2.18 2.74 2.64 1.99
IifE Male 3.31 2.93 3.08 2.43 2.68 2.60 2.90 2.91 2.52

2.5 REXIEM/NFERRERERNTENEEEN
A

TR S 25 R Y /N 2R B LA Py SOD, POD
FICAT 3 PRy EfLBE M (K 4: A, B, C), 18 ~
42 °C B2 S R R P/ NG AR  3 Fh e Al s e
Wi L AN T, 38 A A R AR A
SOD, POD Fl CAT ¥4 30°C i ik e KAE, HE H
A3 1.73 £0.01, 3.04 £0.05 F10.71 +0.03 U/
mg FW, #5435k 1. 67 £0.04, 3.43 +0.09 Fl
0.74 £0.02 U/mg FW; 18°C A H B £ /IME, M L 43
W40.85+0.04, 1.93 £0.05 F10.40 £0.01 U/mg
FW, 43524 0.92 £0.01, 2.18 +0.02 F10.45 +
0.01 U/mg FW,

3 T E A S VAR R 22 B0 B T A R] 1y
FETERE 2SR F—RELAIET SOD i ME7E 18 F1
30°C Kb 2T A ol ] 22 R 2 (P >0.05)
Hfth ) — Ak 389 5 R ME A e R S A L A R
(P <0.05) . [a] — i B T M Afi: 1t 22 [A] POD 7% 4 7
21,24, 27 fI39CHE T R AR E (P >0.05),
HA AR 22 5 W 3 (P <0.05) . MEsd POD 3% 4
A ey [R)— JRRE T A R 2z ] CAT 7% Pk
1E 24, 36 FI39CH R 23 AR E (P >0.05), H
b ¥R 2= 57 & (P <0.05)

3 SFit5iTit

B HCUES IR S B — 2R, A S OREEFNIE Y
RPIREE R RE 1 AR # 55 (FE385, 2007) , SR iR
SRR B URP R AR R A R R T
RGN EEM ST, B A Ay
DR, TR L oA A 5 2 1 b B> A S R I T
BUEH (Z8E, 2012) . AW SN EEH B
AR PRI (38 A B, AR AR T S A A A
SORAE Ny IR BT IR B 19 AR Ak, AR SE 560 E 43 M T AE
18 ~42°C T Y/ INGE Bl R P 4 i A R AH 5
fiti F1 3 T A AL BTG M AR Ak, BIFSE R B TR Y
AR BE G| A S Y /0N 4 2 ok, Hhe A a5 A O Tl 2 1 AR
Ak, B I T R 7 A A A G i A A AL
P IS 5 U R B B2 AR A G il GAPDH
F1 GPDH 43 BII7E 33 FI27C kR KA (1), Jg2qt
A HOAD JEMEYE 33°C AR KME (K 2) , $i5 b
HSEHE SOD, CAT il POD #F 30°C Aif 5 ¥ 5 Kofi
(E14),CS iGMETE 39 CHTA R AR (K 3) . EAMI
it A B T Y T DY B L T R AR
I A 3 284 o, i T5 1k 39 0 (2= v A0 2 ALY
1999 1R W 4E, 2007 ; W% i 55, 20115 2545 4%,
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£Z Fiost T Rl
S =T 20t Y
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Z £ osf
0
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{GJE Temperature (C)

o
<
)

r - iff Female Al *
L m JfE Male

CAT{E M (U/mg FW)
CAT activity
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{GJE Temperature (C)
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{RJE Temperature (C)

P4 RN[RD R SEH /N A8l He R Py 3 e S Pt Fr) 3%
Fig. 4 Activities of three antioxidant enzymes in Oedaleus asiaticus adults at different temperatures
A: SOD; B: POD; C. CAT.

2014; FAMpAE, 2014 ) 245 i 8 8 F )
Rl B B A s sk 2l g5 . AL R S Bk
ZEIATT . SEgRh 7 RhEEAE 18 ~ 42°C Y5 N i B
AR SRy Je 5 0, IR EETE 27 ~ 33°C I HAR N
I A AR G TG P S DB 1, K P R AR 2 i 26
Yy J5 ) ) T BE 3 328 1 1 5 5 AP AR v 1 6 S /N 4
WS A2 B BRI AE , REUR A o A R, A
I P82 AP35 R DX T P ARG, 30 BH SIE I /)N 4 s I
TR R AR AR 10855, MLAATE J1 3855 , R ARSI
& NPEANTR (BT AR, 2017)

TE 18 ~42°CREEAL IR, MY /)N 4 i A e A
AR AH DG TG L i e T el (81 1 ~4) X SR I g
R HOHEAC I A R 4 A RE #1051 MR e
[Fi] B 7 B8 12 K1) FH 43 A 435 2R vb B B AL i GAPHD 5
HOAD AR b TSR (% 1), ml o) 25 4 i I
HUPE— B 00 T AT FEAEZE (14 12 B ME HOR HL
THFEREE I LU BB AR S KAR 22, 3 AT B J2 0k Al e A
FHLHIAATERE 57, 3 75 55 M He O 5L 2% 75 AR
TR FEE B30 1] (%) B 2L 40 T A DGR 77 B — 2P IRk
WEIS R B AR B S AR E 2RI Y T, R 32
B E S A IR EE A 38 B, AT DL o 2 s T AR
RETR ) B2 AR I o B X PR (K BT RE 7 (9K T
8, 2013) o BT AF(2017) BF 5T K B, V4 4R R I 48
Comphocerus sibiricus Wi HYE{K IR EE T £ MR

2, il PR R Al AR A A2, U B g it
JE T SRS AT LA 7 A0 R £ T 22 i
REE . ASHIFFEN YN /NG W i 1 ) 20 B S0 M e
BCHUTE 18 ~ 42°C I BE T JH #E (1) BB IR ) 5 1y 2 Ay Wi
2,5 ER VG FI R Y BE 543 e RIS AN [A] 3 AT fg
Y SI 56 b JHL 8 B[] R G 458 PR 3R T 380, o AN HE B HE
S ASHL IR T 5 R 22 ] 1 22 5, 56 T X —
FA FriE— P05

S AT A [ A A i 32 O T Y B[]
(FNEWSF, 2017) , ks ik s 2 S EUE dut
PRI A A% Jmy B O A8 LAY HE K 2072 ((Logan and
Powell, 2001 ; Kharouba et al., 2019) ., ASH}5E H3F
/I LI R A A O il 7% 1 B ACTE 27 ~ 33°CHiE
FEL N X R R (1) 158 B b T B 51 L v e A R 5
P sT A I AT, A A S HE G 5 P /N G s A Ty
3 B b S A IS 1 2 AE 30°C Bk e R AE (& 4),
SOD TEARY 1A N 1Y T S T2 0 Bl A B 2 7 A
H A LA AL i 4 AL %, CAT il POD JIK i 41
L& H,0 F CO,, 3 FhlgIE [F/E KA 9
A R . DURRBES P A 3G e i e sz 3 AP R
PG ST 2 B R 1 — b LI B B IR ST 4
FW] 30°C fif He A it A P KB, E 28X LR
TERUIE , B IR AR ST, JUAR NS IR P
QN M AR A o T A P e AU T B AR L
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o A PR R R AL, Bl I PR 32 2R TR R, dUR
FET- R A0 ( An and Choi, 2010; Mahmud et al.,
2010) o FHIHAERT, 27 ~30°C 52 E Y /I 242 05 4% 301 A
A B R RS A T Y B IR, SR AR AR A TR I
T 2 RN ATS A R 1S U N A 0 Y B AR,
ZE /N A K R B R T M B S B A
BT Y HUE F B KB Ia M E R 3 XS
/N L ) N U S P B 0 TR SRR AR R
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