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Abstract: To clarify the ability of high temperature tolerance and thermoregulation behavior of the oriental
migratory locust, Locusta migratoria manilensis, we adopted the methods of high-temperature breeding and
offering radiant heat and wind to research the high temperature tolerance of the locust at different
developmental stages, the relationship between body temperature (Th) and air temperature (Ta) and
radiant temperature (Tr) , choosing behavior of locusts to radiant heat, the increasing velocity of Th and the
effects of radiant angle and wind power to Th. The results showed that LT, reached 326.4 h at 44°C and
20.6 h at 50°C, respectively. In the condition without radiant heat, Tb increased with Ta. Locusts showed
thermoregulation behavior when Ta was raised to 32°C. When Ta was raised at the velocity of 0. 5°C/min,
the percentage of individuals with temperature undulation was 53.7% , the average undulation range of Th
was 1. 15°C, the average undulation time was 5.2 min and the average initiative undulation of Tb was
47.2°C. The lethal time of adults was longer than that of nymphs. In the condition with radiant heat,
locusts inclined to choose the bottom of cage when the radiant temperature of the top was raised gradually;
thermoregulation behavior was stronger than that in the condition without radiant heat. Under different
radiant angles and different wind levels and illumination combinations, locusts displayed significant
differences in Th. The results indicate that Locusta migratoria manilensis has obvious high temperature
tolerance and thermoregulation behavior which can adjust Tb to the best physiological condition.
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hE, BAPERNRE MR E L, MEE
Xk, HTFERESEZL, K AFETHEIBCRHA,

WA BIEE R A TIRAKAAL, X 272R S iE
RIRAERIE T AR, INE T ERARR 5
FIP=E AR (40, 2004)

B HRANR Y, AR REE P55 IR 0 AR T
BUAE, SR B HOTEBE IR RE T, R
AR S S5 PR AT LR T B SRR, jtﬁ%ﬁﬁ
SrPoT B RUARIR 5 e 2 G 0 7R 4F, 2001),

MBI AR A B R ARR B R IR B3 \%Eﬁ\

95 b PR B B AR A1 S5 &R B AR AT 2,

B BB /N R 1)) = RARRAE L 201 RS (2 S5
BERZ M AIE AT~ ( Thomas and Blanford, 2003),

TEN A YRR DT TH, W 2B B = I
RORR G, HEPTIAGRCR AR, MBOLHRE R,
FET R, EZETCRHRL, XA AR d B3R 2 80R
faE s, IJVFEMFR A, FENFERZ —f&
5 i IR 8 5 4T O % DDA 36 (Tngllist et al.,
1996; Blanford et al., 1998, 2000; Blanford and
Thomas, 2000; Arthurs and Thomas, 2001) , Xf#8 &
W8 Locustana pardalina . Z& P 1l /R /N ZE 48 Oedaleus
senegalensis FIBIFT 435 B 35 3208 L AR IR A 517 R
H5REEFEERNEMERR, IR KRB
FI R R PN T — Sl AR A 1 4 v AR TR

JE , T TR XoF 99 DA T 7= A AN AR 2 L 22 (5 SR P U0
I R AR T 5 HAARIR AT I8 40°C /e, Xak{E
WA B RMIMEER, Wl 28 amEERNE; =
SR AT BRI R B B, AR TS
ORI (BEER) REHERIEA (AEER) ARk
VBT (40 M7 )  BESS MK MBIk 22 4 K
(Bayne, 1991) ,

AR RIEREERE SR, BA —EERE1T
S, AR F T T IR A ST 6 LRI, AL
T5E T W8 AT R IR BE T, AR RIS R IR T B
PRTE TC 5 S FARIA R S AR T TR AR AR fL R
WREE, LUBIAZAR W REEMIBTIG, SHERAEEA
PR AL TR AR

1 ##fnrAaiE

1.1 fhkigEd
SLIFTAR T IR R E ZAELL AR, T
Do 2 A R R SR oK i R Bk MR A R B
1.2 {EBMEF*E
%18 Blanford %5 (1998) fg77 %%, i HH509 %I

Fr B IR (Omega Engineering Ltd, UK) ##H
F20. 125 mm PR AR AL (B0 R 0 e TR o 0 B
FAVERIE (R RS B4, HAR0.25 mm, JToJH,
RO ) ZE R ER AR AL — /ML, e ARRELE
Bk (22 mm) , FFEEAREEICFEE
1.3 HRTkEmsReENNE

SrHIBCE N TAA5AE (RXZ RS, TIRILHE
IXEF) ) IREE N 44, 46, 48 F150C, HU1 ~5 ##%
AR A 30 L& FAEH, FNIREE40% ~50%
AEXTIREE, I R MR, PR — g B R A
FETIE O, EH 3 K, 3K LT Hl LTy,
1.4 EEFHAEHTHRIEREERRTITA
1.4.1 ARW RIEAKIR(Th) 5IEIRE (Ta) %
F: B3 ~5 WA B KSR 20 L EFANLAE
i, BLEAEREE, fEH 24°CLL 2°CHh— B EZ
Wi 2 48°C, B MR AR ORI — & BB E] (R T
1 h) AGRIE AR FERR R, T8 7R R L R A
BB —FFEIRETHRE, Bkilhh—KEL,
1.4.2 R CHERIR (Th) BEFREEIR BE (Ta) R4
B BGERT E) KBSCIREE : B3 ~5 3 Rk
%20 3k, 433k E T A PVE IR 3 T 48 (DHG-
9240A #l, FHpKERSERRBARAE) N, AR
Fr—@ 0, 4RI 30°C A, L0.5C/min R
Fegedtm, R RER AN ZER(ACLER), B4
Pic SRR AR (Th) FIFE IR BE (Ta) , HRIET,
T IR ] R PR AR o, B IR BE TR ST A
TR, REETHE TAESMES, Bkl h—KER,
1.5 AREFAEHTHRIEEEERRATITA
15,1 R RAEX5E SR B e #6470 1
40 cm x30 cm x40 em 205, DA 10 ecm F XI5 R 4
Bo AAIEAL ~5 8 R & 20 3k, JETEE
500 W BT, iR 26°C 2L, P AT IR EE
FETRAIREE S 30, 40, 50 F160C , K4 & F iR
WAERF G Z 05076 L, BRR 15 min YWH—IK,
WEE 10 YORF- %
1.5.2 RREHHRE T MERRE T A B3 ~5
W R SR & 20 3k, 72 26°C E N HE 500 W AR
57, 51T S RS, B8 —ERE 2%,
WHEET 6 cm x6 cm x3 em N, FHEEH H
TG shIF BB T IR ARG 3, 48 AR SE 10 min J5
EHAREIFICR T B —SERENREMRE, &
KB A —REE,
1.5.3 R CHEAE [F) — 5 51 PR T R 8] A8 BE 4K
S B3 ~5 BE B R iR & 20 3k, EEIR
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26°CTEEFFREIES, BIELE 60 W HHUT,
AR RARE, 2515 HHUTE0°, 30°, 45°H160°
i, ICFRAAERENRE BE, BFERETE
BTk, oo R R, B—AEE KK
HuE 1 h, AR —REL
1.5.4 7R RHE7E ) — 5 S P IR ) XU T A
W2 B3 ~5 R RN R 20 &, EZERE
26C T EE TIHRMTE, BIEH 100 W 5T, &
BXGERGN 500 0 F (X)L (1 m/s) Fl2 %
(2 m/s) , MTETFAT FISATIRZS T ol AR [ KUK
THEEAZL, BFRETHEE T RIE, Fo4i0
FA AR, BB AR IE 1 h &Kk
HON—KER
1.6 BIRHGIHSH

2 DPS R4 A7 A0 3 ] 22 57 2 1k 43 A ot
% Tb '—3 Ta Tr IETJE/‘H:H’%HEE%[J& LTso \LT900

2 ZRMaH
2.1 FIkEMSIREEN

ANTAMBFENIREE R 1 982 lux, BEEFEIR(Ta)
E"Jﬂ‘l_%—, R RIE LTso%ﬂ LT%@%E%@, Ta fy
44°CHT, 5 WA H LT, LT m K, 4358 112.5 +
9.5 h f1326.4 £27.2 h; Ta 2y 46°CH}, BiH LT, .

LTy &, 4354 73.2 +4.3 h F1155.9 +10. 1 h;
Ta g 48°C H150°C B, 4 ## H LTy, LTy B, LTy,
A3 H35.5£2.4h 11.4 1.1 h, LTy 551K 72.7
+5.8 h f120.6 £2.9 h, BATS, & QIS
1R B8 758 TR

FEA SIS I s R TR T 7R W &R BT DL IE W 7,
Wi R ERTIBED, MRS KA, A6k
TERIE & AR, Rl i BoRE 2T, BiG3h6EE
IR, R,

2.2 FIEXEFEHEAZRETULHEZL

BESAEAE IREE (Ta) b7, 92 KR (Th) H
FWiFE (F£ 1), Ta<32CH, Tb >Ta; Ta =32%C
Bf, Tb #A |5 Ta #§%E; Ta >32°CHt, Tb < Ta,

B Ta ZEiTHE, CIEFF MR IAR, Ta 5 Tb
R2ZZWE K, Tb 5 Ta BHIE & B 557 R
3 #% Tb =5. 5545 + 1. 0775Ta - 0. 007294Ta*, R*
0.9204 (P < 0.01); 4 # Tb = 25. 5816
0.259263Ta + 0. 013798Ta>, R*> = 0. 9144 ( P
0.01); 5 % Tb 3. 4481 + 1. 0634Ta
0.004991Ta*, R* =0.9092 (P <0.01); FH Tb
18.0853 +0. 305592Ta + 0. 004499Ta’, R* =0. 8847
(P<0.01), HABALIES, &&F M CIEKE
BRESMFREERBENRZERR,

N

®1 FEEEFRRFERRE(Ta) THEE(Th)

Table 1 Body temperatures (Th) of Locusta migratoria manilensis at different air temperatures (Ta)

Tb (C)
Ta (°C)

3 #% 3rd instar 4 {4 4th instar 5 #% Sth instar R Adult
24.0 27.4+0.2 a 27.2+0.1a 27.3+0.2 a 26.8 £0.2 a
26.0 28.6 0.2 ab 29.1+0.2 a 27.0+0.2 ¢ 28.3+0.2b
28.0 30.0+0.2 a 30.1+0.2 a 29.0+0.2 b 29.9+0.3 a
30.0 31.3+0.2 a 31.1+0.3 a 30.6 +0.3 b 30.5+0.2 b
32.0 31.7+0.1a 31.8+0.3 a 31.6 0.1 a 31.5+0.2 a
34.0 32.9+0.1a 33.0+0.2 a 33.1+0.2 a 32.8+0.3 a
36.0 34.5+0.2 a 34.6 +0.3 a 34.6 +0.3 a 34.4+0.3 a
38.0 34.7+0.2 a 34.9+0.4 a 34.9+0.3 a 35.0+0.2 a
40.0 35.9+0.1¢ 37.2+0.2 b 38.3+0.2 a 37.9+0.2 a
42.0 39.2+0.2b 39.5+0.3 ab 40.0+0.2 a 40.1+0.3 a
44.0 40.1+0.2 a 39.8+0.3 a 39.8+0.3 a 40.0+0.3 a
46.0 42.2 +0.2 a 42.3+0.2 a 42.4+0.2 a 42.5+0.3 a
48.0 43.0+0.3 a 43.2+0.4 a 43.2+0.4 a 43.3+0.4 a

PR AT HE « R, FIREARFERTEREE (P<0.05

indicate significant difference at P<0.05 level using DPS. The same below.

2.3 FIFCHEMKRFEIME IR BT E R B R
i 5 B 5L iR R

Ta 55 Tb Z 22 R—NSedi/NEI RS2 A3 i ik i
2, 34 Ta BlIA—EMRBERT, TR R AR IT 4R 7E

, DPS 43#7), Fldl, The data in the table are mean + SE. Different letters

—EVEREIN LT s, ERRKT R, HEEE Ta
HARSETH R, X P RIE BN, Tb 4642 EIHHE
FIET, AR H LI S i g e 5% B A T 5 R
REAR, LR R ARl AR L THECR .



1106 B 23R Acta Entomologica Sinica 52 %

M 30°CHE, Ta L4 0.5°C/min R FFFat, AR
H BRI 3h B ARBR R R BB 53. 7%, SEX B
‘KR 1.15C, st E R 5.2 min, F3HFF

it S ¥ Ta i 51.4°C, Tb ¥ shile 4 IR B 8
47.2°C BT Bl K, SET-HT A9 Ta A1 Tb %2
AHE, RO WRE TR (£2)

F2 EEEREAEETIEFESNERER
Table 2 Measurement parameters during the increasing process of body temperature
(Tb) of Locusta migratoria manilensis until death

Elevated range Ta at the moment Tb at the moment Increasing velocity
Developmental stage  Lethal time (min) of Th (C) of death (C) of death (C) of Th (°C/min)
3 % 31d instar 54.1+0.9b 30.1+0.2 be 57.1+0.4b 53.2+0.2b 0.56 +0.01 a
4 % 4th instar 59.0+0.8 a 31.1+0.2 a 59.5+0.4 a 54.0+0.2 a 0.53 +0.01 ac
5 #% Sth instar 57.0+1.4 ab 29.6+0.5 ¢ 58.5+0.7 ab 52.9+0.5b 0.52 +0.02 be
S Adult 59.5+1.0 a 30.7 +0.3 ab 59.8+0.5 a 54.0+0.1a 0.52+0.01 ¢

2.4 FIRIEXESIRENERETHA
FEFETH 30, 40, 50 F1 60°C T " HE 16 5 58 5 #4
(ABE RSB TR BEVH) BT M S RL AN 1o %o IO 4
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Fig. 1 Layer distribution of Locusta migratoria manilensis at different radiant temperatures of cage top
A: 1 #% 1st instar; B; 2 % 2nd instar; C; 3 #% 3rd instar; D; 4 & 4th instar; E; 5 % Sth instar; F; g{Mt Adult.
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REE S TR B T, IR ) T RR,
SRR, RIE R BRIE TR i AR A Hh 1] R 2
%, 4.5 BERMBRAEET40C LT, BTk
FRERRNER, EERERTET S0CH, # MR
FRL R — 3 TR FRE BRI R R, TR
29 30°C 40CH}, RIEEFEFMMITHAR, K
WML TEFTZ, FEE ISR RS E
SHEREE AT .

2.5 AERESERET CRENERATITA

ANRR BRI AR R [R) 48 SHRBE (Tr) B B ARTR
MxEZE R 0LZR 3, HRIF IR B uE AL (55 B 160, 100
170 em Bf, Tb kb Tr B& &, 50, 40 130 cm & FEAbL,

Tb f&F Tr, Tr I5%] 50°C LI LA, 2 B 4R 55 1%
3, Tb BHRART Tr, 53 HAE, BRERER
FETARRES R, FHRSHRE T AR, AR
o, Tb 5 Tr WAL IR0 H: 38 Tb =
15.3761 +0. 664274Tr — 0. 001431Tr*, R* =0.9181( P
<0.05) ; 4 ## Th =5.2260 + 1. 1745Tr - 0. 007697 Tr",
R =0.9179 (P <0.05); 5 # Tb = 0. 960063 +
1.2842Tr — 0. 008275Tr*, R> =0.9809, (P <0.01);
BH Tb = —2.3559 +1.4857Tr - 0. 010445T¢*, R =
0.7655, (P>0.05), HABRALUES, RAEkEH
HRSEIREZEMEXRR, BRITEHFHRFMET
AR, R RARTE T EEBR

®3 FIEELAREBEH(Tr)RETHMEE (Th)
Table 3 Body temperatures (Th) of Locusta migratoria manilensis at different radiant temperatures ( Tr)

B (em) R BE (Tux) BHTREE(C) AT Th of locusts(°C)

Height Iumination Radiant temperature 3 #% 3rd instar 4 #% 4th instar 5 #% Sth instar AL Adult
160 2200 30.2 32.020.4 be 31.8+0.4 ¢ 32.5+0.5 ab 32.8+0.2 a
100 6 300 34.0 35.3+0.4 b 35.2+0.3 b 35.5+0.4 b 36.2+0.2 a
70 9530 37.5 38.8+0.5 be 38.6 0.4 ¢ 39.20.2 b 40.1+0.4 a
50 14 350 43.9 41.8+0.5 a 41.5+0.5b 41.9£0.5 a 42.1+0.6 a
40 20 900 48.9 42.4+0.4 a 42.6 £0.5 a 42.9+0.3 a 42.5+0.5 a
30 28 300 56.8 47.6 £0.4 a 47.9£0.3 a 47.7£0.2 a 47.4£0.4 a

2.6 FRARSTRMAEX R CIEEIR AR AT

R SEIRE 0°, 30°, 45°H1 60° M, X R
BREE4H)R . 11 500, 8 200, 6 580 F13 290 lux, AN
A B HERAARFAET 1 h AIBBIH & AR
FIACR TR R BE 2> 30 DLk 4 FNIEL 2. AR5 M BE Y
ZR LBV RIHR MR B2, X BRI AR
BERRRZES, F—AE T AEMERZS N
JHL S TR

71 higd B AR, KRB R&HRER
WRIFAE— B A, MR/NERIB 3, Bk
oo MR B s ] PRSACR RITAR R] , AR | 20 min 72
HRETRE,

30 EHo> W30° [J45° HEe60°
a a a

FHREWREE (C)
Elevated Tb range

R T

3rd instar 4th instar  5th instar Adult
% & WiDevelopmental stage

B2 AW RIEZERRRSAET 1 h AR (Th) FHEIEEE
Fig. 2 Elevated body temperature (Tb) range of Locusta

migratoriamanilensis at different radiate angles in 1 h

*4 FICEERARABEHAET 1 h NEINESEFER(C)
Table 4 Highest body temperature (Tb) (°C) at different heat radiate angles of Locusta migratoria manilensis in 1 h

REH 4B 5T BEFRBE Radiant angle and radiant temperature
Developmental stage 0°, 45.5C 30°, 40.0C 45°, 35.3C 60°, 30.8C
3 #% 31d instar 49.8+0.8 a 44.1+0.6 b 38.0+0.5¢ 33.1+0.4d
4 {4 4th instar 50.7+0.8 a 45.2+0.5b 39.7+0.5 ¢ 34.1+0.3d
5 #% Sth instar 51.7+0.7 a 45.5+0.6 b 39.4+0.3 ¢ 34.2+0.3d
JGHR Adult 51.9+0.8 a 45.7+0.5b 40.1+0.4 ¢ 34.4+0.4d
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2.7 RAXFRIE R IR H R

W1 56 B A X i AR B LR 5, R

—RHPRET, NEXZEST | FNEERT 2R

R, TR AR T R, DL TR AR E AR

SRR RITEOLT , Bl IR A KGR AT LR R
x5

IR, RGBSR AR R 22 . o S AR R S
i, B ARRS EIRA K, KUE A RE R IR BE A
i, KRR 1 h NEENEXEMGT LR H
EHo

ARRA ERAETHRIE CIE 1 h BEEHERS BEKEE(Th) (C)

Table 5 The highest and lowest body temperature (Tb) (°C) of Locusta migratoria manilensis under

different wind levels and illumination combinations in 1 h

K168 4H 4 Combinations of wind and illumination

KEM AR A1 FX A2 R TR 1 R ToIEHR 2 R
Developmental stage Mumination Light air with Light breeze Light air without Light breeze
without wind illumination with illumination illumination without illumination
3 #% 31d instar 40.1+0.5a 30.2+0.4b 29.1+0.3 ¢ 26.4+0.3d 26.0+0.2d
4 % 4th instar 40.4+0.6 a 30.3+0.5b 28.7+0.3 ¢ 26.3+0.3d 25.9+0.3d
5 #% 5th instar 40.4+0.7 a 31.0+0.5b 28.8+0.4 ¢ 26.5+0.4d 25.8+0.2d
JiH Adult 40.9+0.8 a 30.6+0.4 b 29.1+0.3 ¢ 27.0+0.4d 25.7+0.3d
RNA) 5 FIZh RE AR . AR R B — E i
3 Wig A AT, AR ZE SR AT LA 0 R 9 2 FAE fL

3.1 FRIKEEMNTEIREEN

0T BT UL B X B B AE SRR, AT
LA HEH B 9 L o S BOE R IR X IE B R R
X GER X EESERR X MESLREX 5 MK,
Hrp 45 ~60CABILRIEX , il EEFNEERE
HIRR PR, B 2 HALE 3 IR 2 BIER, 1
IR BEE RS | B LA R AN FT B SR o 40 ~
45CREESCRRRIX, 7R X B R A F s 72
M RA—2, WiSHEIIRER T, R &k
RE, NGRS X HERIRE, A5 IRILT (B
JI 4§, 2001)

ASLE R, AR R A S 24 2 B H A Tt
FRAE T, 44 CATLIFFIG T ILR, 48°C TR L84
i LToo RT3 d, X 5E8FFAE(1989) 4 1E CUg i
WgHEGFE 48.3C, 5 ~ 15 min ALT IS RA—2K,
JE PR AT BB SE S A A AN TR] , JHG SCEE R e o 7
RIETHRRF S RKEZH K, ALREN TR
FHNRFF—E Rt 'Y, NIRRT
TK5y, AIRERIE R HAFIE I E B — R E . KT
ARERHE T P A B A AL AL B T B >, #E SR 4%
(2007 ) %o 3 il 1 J HL A 0 A0 2 S0 T g AR B A 4K
PLE AT TR, RECH: BiESEERKN K
7K 240 D PAY A R AR 4 L R 4 R )
I Mt FEMLULAEY RS T (EH B DNA,

i, ATRER EARALH i — R EULRY, BAKREREA
R — 2 RAPR
3.2 FEKEMEERFATTH

REFE R (VLR H AR IR 3h Y ) 8 % B E P
PR AL, BIAT Rk 0 0 5 AR AN AT A
P RIR . AT AT R R I A AR S PR
R, T TCAT A P AR ) 55 U R B A AR
R RRE, 535 E B L %R R (Heath,
1964) , UNEELE Hieroglyphus daganensis Krauss &t 3%
AU AR AT, AR AR Al A5 R )
EHZ X% (Anderson et al., 1979)

A SE 5o o ToR S A R R T,
AFETEAFSE T 7RI REEA R & & AR S LR
B, SIRRVAR L CIE RGBT R EER
W,

AEEFRFMT, R CIERRIRIET 1T 03
BE TR KT, R R B RARAT,
R THERIRE, SRR ER & E— SRR
R AR AR IR LA 3R B R B o e s I 5 3 . Ui S R
PP EAR, BIRGRENAAR, SRR
AR, XAEABIRFMAET , XK R AR
H—EF M, X5 Lactin F1 Johnson ( 1998 ) % 3&
FH 1] 82 P 308 49 e 35 B 940 B8 A A O PR 2 ) I WA B
ST FNX ) B AR R S A1 T e s TR A 25 SR —
B, BHORYE, ARG RL HU A KR AT R
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IR, MR IET TR EER,
3.3 GRATTASREERRNE
AR A 7 o e e AR A B A R B AR DR AS , 4R
R RE ST, IR, RBI ML R
WA B AR TR BN R HPRAS, Heiie
FEE, —THATEARTE, FE—TEFA
RN H—T0rm, FEERERTHIAR, ™
AEAHTARKER, X—d 7B R EY A& £
MEAE, BERBEXRF-AEENRER, KR
ARSI TIRFEENEN. ALRERMNITRET
TEA WA AR P , R G B Fh 4R (R
WA RIS . 45REW, 5B 5HEMNAER
Wt A A L S R TR R A, R, IR B
%N@ Ly H RRGTE A X B — s B, EEATLL
SR (RARGE R 53 3R R)
PR, 7 A AR M 2% R AR 181 g LA
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