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WE: WAHFEINH Harmonia axyridis (Pallas) 5 BAKE ZAKPI IR & BXTHA ZERE I, AMRE2 HEREF
TREE(18°CHI 25°C) T il REVAMIMFE F G T ARAE S AR, WE T BB ARRR/N, AR BRI & & .
33 ¥4 5 (supercooling point, SCP) Jz H.7E{H E K5 ( constant low temperature, CLT) #1725 & (fluctuating thermal regime,
FTR) THIFTER ., SRR BMKFERE(18C) TR HRAAI 25C T E K (P <0.01), AA RN & & &
ERT25CTH(P<0.01); HF2 MAERETBAKNENSESRAETEZRFHIEHAXKR, B SCP IR
SR BT, AFRTE 18C T RYSR SCP EREPTE -8 ~ -6 CHEMN, FFFTE 25C THYBLHE SCP EEE F7E - 10
~ -9CEEN; HRBERA/NG SRR ZIRAHRRR, SR A RMKIR R 55 BUR TS R % T R
FPFEAR: FTR18C > FTR25°C > CLT18°C > CLT25C . R FAMBERFE IR R AR SR FERIEE
HEW, HEAHFEREZMAENEARNR,

XEWR: REJE; BHE; SRR KEL; BISE; TR
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Effects of body size and fat content on cold tolerance in adults of Harmonia

axyridis (Pallas) ( Coleoptera: Coccinellidae)
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Abstract: In order to clarify the effects of body size and fat content on cold tolerance in adults of Harmonia
axyridis (Pallas) ( Coleoptera: Coccinellidae), two developmental temperatures (18°C and 25°C) were
used to induce a phenotypic variation in insect size and the relationships were analyzed among the adult
size, fat reserves, the supercooling point (SCP) and the survival rate exposed to constant low temperatures
(CLTs) or fluctuating thermal regimes ( FTRs) in the laboratory condition. The results showed that the
adults grown at the lower temperature (18°C) were significantly larger than those reared at 25C (P <
0.01). The adult fat content was positively related to dry mass of body, indicating that larger individuals
contained a higher proportion of fat. The SCP frequency distribution showed that the lower SCPs ( - 10C -
-9%C) were found in adults bred at the higher temperature (25°C), whereas the higher SCPs ( -8°C -
-6°C) in adults bred at the lower temperature (18°C). The negative linear relation was observed between
SCP and adult body size. The survival rate, especially under CLT, decreased significantly with duration of
cold-exposure. The type of exposure (FTR wversus CLT) had a dramatic impact on the survival rate, which
was distinctively higher under FTR than under CLT as in the following order; FTR18°C > FTR25C >
CLT18°C > CLT25°C. The results indicate that energy storage is an important factor, but the vulnerability to
chill-injury is supposed to be the primary factor regulating survival at low temperature.
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TR TR, R X R R4
HHE 2 B KA SR A A TG S A AR BE IR
FHo HIER HE SR FE R 1 13E ML AL HI ) Z 5T
(Sinclair et al., 2003) , FEFZFEMBERT, B 15
EERANSEREEOCL L, HEBILHNEER
EAR A 2 TR 1E 25 (Renault et al., 2002; Kostdal et
al., 2006) , BTN R SRR R BR 45 2R,
(B S YURFMI IR X P R R [F] i A LE i S BGE T
WS R S e AR 8, T RER B TR M E EUE L
&, WArfeR L RERMEER, RIR 585 5 H
B HBBRA T RE R A LR B RN A BB s
(Renault et al., 2002, 2003) , 48 Drosophila &N
g W7 & & 35 hn YL S 3 58 ( Hoffmann and
Harshman, 1999), 1 B i 41 77 b6 & 45 &) 3% hn i
1458 ( Chippindale et al., 1996; Harshman et al.,
1999) , ML SI{E 1% ( starvation resistance hypothesis,
SRH) KB . AEXF TR ARG B8, (KB K/ 3 BE
BIAFREIE R, B AL e (AR AL 3 fin
1858 ( Arnett and Gotelli, 2003) , HF 4 U04d] 3k 15 {4
RIK . BRI & 2w 0B AR IE? AR 48 IR - A
¥ ( temperature-size rule) , & EHMZ X B IRE
B— B A 4T B 7 s (Angilletta and Dunham,
2003 ; Colinet et al., 2007a) ,

1E B B ZEMEDT S, 13 Y8 2 R (supercooling
point, SCP) FUKIRFEE fE S (survival capacity at low
temperatures ) & 1 o 7 £ i € P 58 55 i B4R A
(Renault et al., 2002) , T H X B B A7 GE S HFSE
KREZREZNEEME T HITH (Lalouette ef al.,
2007) , KEWIFERY: B 25 7E 2R (fluctuating
thermal regime, FTR: {IKif 2 850 #6475 IR A1 6T ) T
H—HE % 5% 715 & {K 15 ( constant low temperature,
CLT) T fE42 & 72 I% & ( Renault et al., 2004;
Laloueite et al., 2007) , 3% 7] BEA2 = Y H] W7 % ¥ 475
A—EMBEIEM, XHERBDTRHEFERR, &
HYe 5 E BN AE R IR T K IH (Renault er al.,
2004; Colinet et al., 2006) , X —Z5E%F FREK
KEAAF S — S YR R E I RCE E R EE
)& X (Nedvid et al., 1998) .

SAE[ & Harmonia axyridis ( Pallas) J&#5## H
(Coleoptera ) B[ Ht #} ( Coccinellidae ) , X4 Ht | - i
M EEREEREARBRMERST, 2—Ff
HERAPRE(Koch, 2003; FFELE, 2007), X
THRANRPMHCEEAR ™, HEE2T X
FRAR A= 7= 5 A TR ) — A i) L A T R ATy e T A

TRE BRI R — R R E IR A B 7
%, HEBRBARUSS, —BIEFR R K,
B FF 5 R Z BB, T B AR R s =
—RE A (E/NEAEAESE, 2002) o fEERIRREE
R AT i R 1) b R 7 R v e € B Ek S A A 9 R 7
2R S 30 1 0 5 R A IR S AR TR A B AR A9
R, DRI ENEERRRA 77X, WS zE
GRBAEE RAEY TR R AERLEE
o BEAh, RIRICA I BLH AR AL T8 B RS
RERCE, BT RN A RE B £ 2ok A TR
JEMT o DI AR 2 A A T A R AR P RS T 5
i, XSRS RERE XGRS A7 APFTURER
BE-RRIVEN, o B AT PR e P R B R
TR T ARREIR/ NS RS R . e
B | RTE IR PRI & & & SCP, BHFESH &
S BEG H AR TY J A PAY i i R L i SR B ) B9 52
Wi, LA RS A 5 X R L TS o

1 #BERZE

1.1 gt HiR

I H. axyridis T 2009 45 HREH L
AREFLWAXBEEE A (36°15'N, 116°59'E), %
Bl P e R R B B A TRMBEE R RE
(35 ecm x40 em x 50 cm) N AE A 35, 1A MR S F
Aphis craccivora (Koch) , H.2F F N#& H Vicia faba L.
Hio TPHMERIRG, HEEHEHPIEBR RS —FF
BN, BG4 d 4k 2245 IR 7 & 07 2 A L )
o FFRBE AR R BRIT N R4, B2 d
BB TR RS R, AN TSRER
FEHBESFMIEE N 18 +1°CHI 25 +1°C, RH 65% +
5% , JEFEH LD =16:8, 2 AN BRI 2
RUA L. TR 5 4 i 25 58 % R 3 5 He 1 vt 58
£, BrUABENLEBCPE 7 d ZH MR (2: 8 =1
1) TR
1.2 REIHBEHERKERSENE

SrAPRE 2 FR B IREE (18 F125°C) T iyfa
B (0 =48) FEMRHIEE (FAAL: mm) T & HH KA
£ (maximum length, L) K& 7% ( maximum width, W),
FEAIHSCR AR MR, R AR E Sk SR ik
R — N BIREIRTE , W HARFR (volume, V) )
HEARX V= oL W/6 (Atkinson, 1979),

%18 Colinet Z£(2007b) i : BRI E T 60°C
fEIREEFRAR T T4 48 h AR & AT E (dry mass,
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DM) . HRTHRJ5 B Sk B T 3 A KA Hh A
3 mLEA D5 FIH BB BOR (R 05 Il =2: 1 BHESI K,
FERZE S mL BLOET 4 500 /10 min B0, B L
B, VIR FEIA 3 mL G405 R H EEREBOR, FKE
Lo ¥ BEERIRUIELE OCHEIRBE AT TR
24 h Z{EE (lean dry mass, LDM) ., MR & & (fat
content, FC) = (DM - LDM)/DM x 100% ,
1.3 REIHAEHTLH SNE

R A S5 (2008 ) 1 1€ J5 1 FEALE IR 2 Fh A H
TR TR (Q: 3 =1:1) 48 KiFFFT3L5,
1.4 REHHAHEERERZELE

P2 MABTRE THERBRE(Q: 3 =
1) BABEHEFRILA (D =9 em) , LA A 35 LAH
FBE 7 A A ) ST LR S ALE T A HEBR R 3
(cold-shock ) % Ji¢ M AR IR AF 1 B2 R, B S5 R
£ 10°C 255 24 h, AJ5H#1T U T EE KR CTL

K EIR FTR b3 (E 1)

25C: WAFRTE 25°C T W R 7E SCAEIR T #5 42
R4 H;

25F: WFRTE 25°C T MAURTE 5C T AT R iR
Af 4 RAE 25°C N E]KT 2 h (5C22 h/25C 2 h),
SRR 4 H;

18C: fAFR7E 18°C T YR HAE 5CAHIR T #5&k
R4 H;

18F: fAFR7E 18°CF KM IMTE 5C P HIT R
AR RAE 25C T E[Br 2 h (5C22 h/25C 2 h), #F
SRER 4 F.

IR 2 BR L 2 P BUR AL T8 B RSN BERUR
it A— B A T YVRES o IR AL B Ke R 7 51 5%
BMEFFAM TIKE 24 h, DRETEDRNENTE
BRI AR, BAKA 1 R, BAHE
3, BIRER 30 KAk

22h
5C .
" Vo
[} [ )
25 - —
_______________
i HR A =
1 18°C/25C 1=P»1 10°C/24h :
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Fig. 1 Protocols used to determine the impact of cold exposure to constant

low temperature (CTL) and fluctuating thermal regime (FTR) for one week in Harmonia axyridis adults
[ F AR FRAE 18°C/25°C F iy IR 2 8% 1 AR, LIS 3 AL PEARI] . The figure shows that adults of Harmonia axyridis reared at 18°C and

25°C were exposed to two different types of cold-exposure (CTL and FTR) for one week, and the same for the following three weeks.

1.5 BURLEMGITSH

FIFESE 4% 4 SPSS 16.0 for Windows Xif 4% SZ L
WA FTREAE TS T4, RIS FBME B An iR
XA [RI L B[] F) 22 5 R4 T B PR 28 07 2293 #1 ( One-Way
ANOVA) F1 Duncan [KZE (P <0.05),

2 KR5S

2.1 REIARERXNSERNERSE

L =Y A Ny A NS S RN e s
BIREEVIML, RFRTE 18°CF B AR B B kb
FFELCTHEKR, HRIAUEH2 AT
BT BRARAK . RN B EER (F
=33.904, df=1, P<0.01; F=30.717, df =1, P<
0.01; F=39.174, df =1, P <0.01) , BAIZTE 18°C
(E2: A)fI25C (& 2: B) PEUBRANESES

BUATEHITLREM RS RN, KRR &EM
BATESIB B IEMSE, ABIK KRR HAR
AR & B ; T EAFRTE 18°C T Mgl & &
BEET25CTH(F=232.55, df=1, P<0.01),
F1 2HREEBE (18CH25C) TREIMHARK
K, FERERUE
Table 1 Body length, width and volume of adults
in Harmonia axyridis reared at 18°C and 25°C
RBIE(CC)

Developmental

A (mm)
Body length

A9E (mm)
Body width

A (mm®)

Body volume
temperature

18 6.81£0.09 A 5.64+0.07 A 113.54+3.82 A
25 6.09+0.08 B 5.17+0.05B 85.76 +2.58 B
RPEBAR P HE = bR F—WESEERICARRE T

R} FRIRFHAE 0. 01 /KFETF One-way ANOVA, Duncan [KLHE %7
3%, The data in the table are mean + SE. The different letters in the

same measuring parameter mean significant difference at the 0. 01 level
detected by One-Way ANOVA/Duncan’s multiple range test.
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60 A 60 B
*
50 1 PSS ’ 50 [0 . *
—_ < * > *
S 2 40r * S E 40 g
i £ i 2
g £ 30t = 1.7962x + 30.946 &g 30
= g -
g 9O 2 =
2 =0. o 2
S =07 =i .
£ 5 £z ¥ = 4.0532x - 8.8706
10 = 10 2
R =0.7421
0 1 1 1 1 1 1 ] 0 L
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
AT 3 Body dry mass (mg) AT Body dry mass (mg)

B2 fAFRTE 18°C (A) 1 25°C (B) TRABUE BB AKAEN &5 RATEN LR

Fig. 2 Relationship between fat content in the body and dry mass of body in Harmonia axyridis adults
from both rearing temperature 18°C (A) and 25°C (B)

2.2 REMARAEHA/NGTLHEESN

HE 3 ATLAE X 2 AT IRE T #R
Kist, e SCP AR [l WA ol /A, oA v o e
Grfiie T ELPIR & F IR T R SCP AR ek B3
XS(F=13.215,df =1, P<0.01), 37 18C
(3. A) TR SCP 2R, EEEHTE -8C ~
—6CYERIPY; HFR7E 25°C ([ 3: B) UK SCP %

07 A

HIK Frequency (%)

-14.00 -12.00 -10.00 -8.00 -6.00
AVRH K SCP(C)

%, EEEFTE -10C ~ -9CHEN. MHEHFEFR
7E 25°C7F B SCP i fe/IMEZAMR T 18C R . #5
BHRTIR /NS SCP BEAT Z A% [ U 20 #7 (1B 4)
AHARKR/NG SR MEHERAHERKR, B
TRIFRTE 18°CF s AR K H: SCP By, fRIR1E
25CTF AR AR B /N SCP fR ik, X 518 3 4521
—o

20 B

15 —

IR Frequency (%)
S
|

0 | | | |
-16.00 -14.00 -12.00 -10.00 -8.00 -6.00

174 2 SCP (<C)

B3 fAFREE 18°C (A) #125°C (B) T 5 BSR4 s R AR 23 A
Fig. 3 Supercooling point (SCP) frequency distribution of adults in Harmonia axyridis

from both rearing temperature 18°C (A) and 25°C (B)

2.3 RENAFREERERETELE

HE 5 ATLAE H 2 F R FIRE T AR R AR R
ZeidE e R R AR IR AL B A R B E R ER 0T
(8] A R TR A, JUHRAE R (IR AL B R R A7 15
RTFEE R SfEERR LR 3 S,
WFRTE 18°C T G R 5 0 57. 6% F72.2% ,
MR FR 78 25°C T A HL A7 15 & 73 51 D 44. 0% F

58.3% , MAh, fEE AR IR 5 28 X W AR b 3 5
X RCRAEIE BB W, 5 IR R R R
BETHERTH—ERBEEEKET, FEXH
BRE., KEEE?2 F)5, CLTI8C 5 CLT25C4
B TETE R4 3k 72. 8% F1 65. 4% , Tif FTRI8C
5 FTR25°C 4 B M A7 16 R 7 5l #2755 2 83. 3%
73.9% ; fRIBHEE 4 JF)5, CLT18C 5 CLT25C 4
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B FERS B TR 16. 7% 1 18. 3% ; 1
FTR18C &5 FTR25°C 4 i B 77 16 R AR R 5 78
47.1% 1 36.1% ., ZrtAH[RIE EMKIR 25 G B A
4% T 55 B A%: FTRISTC > FTR25°C > CLTI8C
>CLT25%C,

140 1 *
y=5.3637x + 150.91 ° *

120

100

80 I

Adult body size

REEB AR/ (mm *)

60 I

40 F

-16 -14 -2 -10 -8 -6
K SCP(C)
K4 FSEIMEEEARRNG SR RRRR
Fig. 4 Relationship between adult body size (expressed

as volume ) and SCP of Harmonia axyridis
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IR B} 8] Cold exposure duration (weeks)

Bs5 RO RS EE KRR ARG SR
Fig. 5 Survival rate of adults in Harmonia axyridis under
two different types of cold-exposure (CTL and FTR)

B B AR 4 O I ME + AR [Fl— I IR AR IE A RN S
FEFERHAE 0. 05 JKKFETF One-way ANOVA, Duncan KL H T
TEBE 25, The data in the figure are mean + SE. The different letters
on the top of different columns at the same time mean significant difference at

the 0.05 level detected by One-Way ANOVA/Duncan’s multiple range test.
A ‘
R

3.1 EMERSESHEYE
BRAENENSESHRATEREEHXKR
(Strohm, 2000; Rivero and West, 2002 ), 1 H {7 3%
EBARRE T WRIAENEN &85, X 548K
GER 3, BHEAMER/DEB SR A, X
] BB R D BE A AR RL R3S i A o 2578 B R IR VK
Y A 5B JIRE MK (Lee and Costanzo, 1998) , ZE1F
ZRMH, R AEE S 5{KE! (David and Vannier,
1996) K ig i & & ( Lombardero et al., 2000) & 171 #H

KRR, AMRGER WA TXHRR, BIKKE
TREE(18°C) T B R AR L 25C T K, AR
Wi, ERHE R AR, (RIRREED
[ -, B B AL T8 B RS T B AR #EAT
RERANTE, JUHZRRNT, BT ATSE R RE R I A AR
R REE A X HAAERIEF EER, RIRF
B B B RS SRR, BB I #EI8 /) (Karan
and David, 2000) , FBEHKEE 1R P IV 77 09 g 17 24T
A B HTROR 4555 LE 77 (Lavy et al., 1997),
S0 0 L A R i I IR 2R R I T P K TR
W, FERHTIRNEARIENT M KR %755
TR RS AT BB B T2 15 F B RE E A7 VA
Feo XFFATIAL KM BURIANIEAF IR 2, AT RE
XHIEIE T RAFE—RA AN . S aBlH AR 2R
B I8F (BRI 5 E K + B AR & &) HAF
TR T 25F (AR 5 F KT + BARK G T &
&) o FEHLR 0 FKFBARR, R SBIET K
JRRRIR R R E R, YRR A 2 EEZR, FFE
72 I8C TRy M ARIK, BRI & B8R, HIHAR
RAFER K, SEERRLEE 18C(HKE MR
BrEKF + BRI & &) HAEERMNHES T
25COERR thEKF + BURIARI & &) , FTLA
L ER R —ERER, HAYUR S K%
W R E R, R EM A FER R, Al AR
152 58 o R T BRI AN R B R A 2
EHEZEN, HERGEREWATEHEARER,
3.2 TEXERMEENZMm

AWFFER I 5 B A R R TEAR IR T Hefe st
RBEEEEMR TAEEABRE (K S), TR
W% Pyrrhocoris apterus B ZEBEAEAER( -5C 22 h/
20°C 2 h) F 11 d WHr R EEAEEE IR ( -5C)
THIERIER T 50% , FEIEREIET 7 d (Kostal es
al., 2007) . TEFR WG Musca domestica ., 4i%¢ 08 Lucilia
cuprina ., 22Y64%W8 Lucilia sericata % ( Leopold et al.,
1998) , M i Alphitobius diaperinus Ji, 5 ( Renault et
al., 2004 ) K WF &5 ¥ Aphidius colemani 3F 4 3 A]
(Colinet et al., 2006) WA T X—HEMNE, I
Hb, XA VR YIMEAEER B &0 T BB R di AT
TRX—HF5, G5RRVIZRBRS IR R B R X
FPRUR RO B — R R LS, A RRIESRE
—RPEARRR R B RARERFHBREE
AR 2SR YL (Kostal et al., 2007) , HAFHE
BEH R —MEFR B ERE, HkRE R7E
R T it FE MR A B2 X (Bale, 2002),
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Gagne #ll Coderre (1996) W53 : fE4°CH 8C T
7750 &, Coleomegilla maculata %4/ 1 J5 RE4E S BUE
RE, RIRVAE 2 FE GRS, 3 &G S
R TRE, A2 IR ARSI B A0S X P AR AN 7]
DN HTRRKBEAE, BART, kFEANEFR
JE R IR AR A A s R AR i 1Y), RO B L A
TR T XK E e A EEERNESTE L,
ST B MR AR TG B H At 7 T S A R
TR, B ET X R 7E A LGB 5T R 5
Ao ARIRE T B B A e B B R G (I
EH), HEREERBTANRBIHTEE
(Korsloot et al., 2004) , Kostal £ (2007 ) B 5% &
TCRLLWE P. apterus FIEEH B A, diaperinus $57%2 7
BAEEE IR FHEEEE F (M, Na*, K*)iff
TR, WIREWAT RS FRERGEEER
BRI, B SRR i B T R
AL, 23R B R — S e I IR T Bk BEL T Fry A= 3
A FRARSEHAT, XA R RAERIR T 2 MRt E
T RS LA1E &Z (Rojas and Leopold, 1996; Leopold et
al., 1998) , BHRFEIELIR T AN KA KA E
TR RREZR W, BRI R B AE AR IR T BB A% 1Y 55 O
FEVERIETERL R M 7 — 2P 5T
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