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T SCIRUE METE S (SR AR RIS BC R R B BB 4 5 FHIAT R 20 A v Ry ECBIHL , J3 B S (0 S e X AN []
SRR RIAT AR 2 S 5 Tl VR A, X AN ] A €20 Py S €0 S o R B T G AR ) S € S e
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The effect of female coloration and cuticle substances on
mate choice in male Harmonia axyridis

WANG Ruo-Lin”  XING Qing-Jiang WANG Xing-Xing ZHANG Yi
(College of Plant Medicine, Qingdao Agricultural University, Qingdao 266109, China)

Abstract [Aim] To examine how different female colorations, along with surface substances on the cuticle of the ladybird
Harmonia axyridis, before and after death, affect male mating preferences. [Methods] A preliminary analysis of the
composition of the main cuticle surface substances of males and females, and live and dead, H. axyridis was conducted.
Behavioral analysis software and simulated ladybirds were then used to investigate differences in behavior towards various
potential mates. Solvent extraction and GC-MS analysis were carried out on elytra from several different colorations of live
and dead female H. axyridis, to qualitatively identify surface substances, and quantitatively analyze the differences between
different colored, and between live and dead, individuals. [Results] Male H. axyridis exhibit a mating preference for females
with black elytra; however, the attractiveness of elytra washed with hexane to males was significantly reduced (P < 0.01).
Males were able to identify dead individuals during the mating process. Chemical analysis confirmed significant differences
(P < 0.05) in two hydrocarbons—9-nonadecene and 1,15-pentadecanediol—between sexes and across elytra with different

background colors. One week after the death of H. axyridis, significant quantitative changes were detected in four surface
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substances on the elytra, but these compounds could not be successfully identified. [Conclusion] The surface substances of

female H. axyridis elytra influence male mating preferences, with different colored females varying in their level of

attractiveness towards males. Recognition of dead females may also be linked to differences in elytra compounds. Systematic

research on the surface substances of ladybirds both improves our understanding of their mating processes and the artificial

breeding of these useful biological control agents.

Key words Harmonia axyridis; mating; contact recognition; hydrocarbons

SO Harmonia axyridis, 1545328573
J& T H Coleoptera, Z & . H Polyphage, H
BBl Coccinellidae, ZLH A} Coccinellinae, I
W% Coccinellini, FIVEPIHR)E Harmonia ( JEIL
45,2004 ), S €0 0 7E R A A A REOR 41 B
A TE P XIS BEAR RN EE R ZER, ATk
Az 2-8 AR (E/NZARAL S, 2002), J&T5¢8
SRR, 2 AT BRI, 1-4 12 H
W L G DA B B W AL AR Myzus persicae
Fa%F Aphis gossypii. /N8 HL Sitobion avenae )
ARy EL CUNAEAYEL Bemisia tabaci ) J2&% W HIA
b/ NES S S I A Sy L S A PR R
XX S R RO, AR S THEME
PEBUA, 78580 Ry b R 15 AR

( Ferran et al., 1996; Snyder et al., 2004; T #E5E
2007 )o PR HUR H M R R TEE NS 280K
BRI A 2 C g m b A= ™, Il ok —E
BHiE B (Buntin and Bouton, 1997; Tourniaire
et al., 2000;5K WL 4%, 2011, 2015; Koch and
Costamagna, 2017 ),

S (0B REAS 1 B A B, G HE
EARAIE G B . BN, T L A R R
B0 45315 B, ( Mondor and Warren, 2000 ), ¥
A RCHAE XN RS TS B % [
I F T SRS S R LW s, £ R
Adalia bipunctata WIWFFH LB, TEESE AR BEUE
B HE AN [R) ZE T (R A B 2, I XHBT I FE T 1%
ORI SR Z A A BC ), {H Bl & FE T[] 4
o, PPN BTS2 K (Obata, 1987,
Hemptinne et al., 1996, 1998 ), T LI F#F5THE
DU S0t %) SRR ) o it T RERE A A T S
IRTEHRAG; T2, WY e (b ik F
SAPHPRA, — B A4 b S i Gl o3 fi

R S8 1 O RE X R () E S o N D B R
o ZRIHSE B AT o ST R B, R A
S0 2 T ) ) o RTS8 L T ) RO B EL A L
fEH, Hemptinne %5 (1996, 1998 ) % ¥l i 54
D75 VRS 3 4y ke e S e e e AN
S RN M EFIR KA Z )5, bl
THUG BN, 3 — BRI T B AP A
Kohal Z R 5T, RE 6% R BOE B IR X T R T
A AERCR 5 (RIMESL ), JRZEMTSE it — P RE T
XL SCHEY) BT R I AR, LR TR A&
(%)% ( Hemptinne et al., 1996, 1998 ),

S PR AR S i 2R, HORE
B BE LU 1 B AT O M R 0 e € B0 2 M 1 DG
A BRI 2 —( Koch, 2003; &%, 2012; Zhang
et al., 2020 ). 5+ (IR TEAR R & & Hr BOsf A 13
RIZAEEIG , st G N, S (B g
Al A RERAY (£ succinea, VEIKMEIE, BELEL
HAE ) FREH, Hrph BCE rT 450 — % f.
conspicua WU f. spectabilis PR BT £, axyridis
S, R BERETESS L R b 2 R B T B R IR, 5
BURMIE SN il TS Rh, a5
HAEA ] B H0 SR Z5 A T ] BE 23 % R B 6
PR B R 4ER( Osawa and Nishida, 1992; Wang
etal., 2010; FHuk, 2012 ),

EARMTE T, R LAY (Hydrocarbons,
HCs ) fENH GG S, B R RS S
Yishs K ORI — D EESE , S5k E
BEOPATAE EE HUR B AMI , AEAM I b7 55 1 W
JZ (Lipid layer ) ai#%)Z ( Wax layer ) H1, Kt
S b I e S RN B A9 H J5i( Chen e al., 2016;
Noh et al., 2016 ), BHFE L L) HCs FE AR
T REEARA G W, G = th EBEGERS . ARG
JE M SRR IR A I AR B, HREE K
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ZAE 20-50 BRIETIEEIN, BXERE K, B 80h
PLERIPEL (Calla et al., 2018 ), £ EMALE
¥y ( Cuticular hydrocarbons, CHCs ) 7FE H{AZE
AR E Y L A R . BRI Z
&b, CHCs W] LA IE/K AR, HERe R ik
WIKIFH (Qiu er al., 2012); EAWFFIESE
CHCs 7F B Bt AR # B AR 2 [0 AT LUFE S k2
ZhfES CInEmtEE R R4 ), BREUE R0
BIYER (Howard and Blomquist, 2005 ); CHCs
TE 5 AU AR R AR T il AR, 2]
AL BRI A AR A5G 1 G AL 715 5 ( Durieux
etal., 2015 ),

HE T 0T S €0, 0 H A2 T e R A 4 AT Sy S LT
FEILIR IS T, ABIFSE DA FOGE T AN AR A 1R 51
AR A S RO R G A DDA R, 38 it Fh AR
AN TR) A8 T R G2 104 i 32 = T 40 o 2 i A S A e i
PRSI T A, PRI S (8 R A B U R s &
PR B A AR o ASBE A B T IR A6 S 8 B
AEMC e PRI B B, IR AT RE M N T EH FIAL
P 4 B R AR S ES S 4%

1 MRE5AZE

1.1 XA

AR T AR IR S, RET
FHETN (36.320°N, 120.390°E ) HMBIA, F
R ARBRFEMRFANTBEHN
(RGD-500C, HAEAHRHMU S &ABRATR] ), H
BN 25 °C, AHXHZE 50%, SEJE 16L -
8D, VAFC W Hi W Acyrthosiphon pisum TR
Wi G R E T E N TSR, R £
WS Vicia faba 5%, T HkR 15-30 cm, ¥
B E RN 20 °C, MXREE 50%, JGEH 141 ¢
10D, it [ acalifl . AR ML bk 45 7 X3k
745 LA N [ o B 78 1) S o B R e ) T e 4k

Livgs

1.2 RBIEE

1.2.1 REIMEXAEZEN REIEFRETT
R P 2 h PR S (0 TR B

LR FE— L, RIEEGA B PR, mT Ak
AT ZE AT A o I AR AR P ) R 3 0 A ) 4
SR A FPERL: (1) BERHEMEA; (2) JBICHE
PEAMA; (3) BRMEME A (4) FERAEMEANMA

MU 4 e S e Bt s s oy R D
T (F4 40 RER ):

DR @A (40 k) ve BB
WEE (40 Sk ) -+ B Al (40 k), it
120 3k,

QB R EHENE (40 k) vs BB,
WP (40 k) -+ R AN (40 %), dit
120 3k,

FBE RS IET AR R S0
JHERL HL CO, A FREBE, HIRACE 7 d, Bk
BN (RE 40 IREH ).

5B EERENE (40 k) vs BB
WEPE (40 3k ) SBT3 IR AUEME (40 3k ),
3t 120 3k,

QB E AHENE (40 k) vs BB
WEPE (40 3k ) SBT3 IR CUERE (40 3k ),
it 120 3%

¥ 3 St B (1 2 M, $%HE S
HREEHS) BT HA 90 mm [HBEESR;FE L
R L URAR, BRAGS T EAALA RE
Frsil, 6 h G5, B sk i ge
FEATEEH K Obata (1987 ) X565k 52
BCAT M I R G5 , AR T L 28 BL i b
YA L0 S AR LR A L, IR AN AR
S MR ZE A, O ELME e B 20 A P
B ACHCAT A, RS RR Lt R 30 s BIIAE N
HIACHL
1.2.2 B EIIHEE R AR E S EEHRAIRAT
A XA BRI — R UL R R A
PORMERC I, - 80 CEBANIRBCHILT: (Byik)x
SR R I BT Y ), BT 254G PN
% H;

VEMGALERLE - AH R AL R A A, SR IE
CLEsr 3 WKUELARER, AR 3 min;

P FME IR SRR R E R 200 °C
AT, RH EVA MARHIEERZ 5 mm 1Y
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BRI P RO BB [ R I 32

Tofe E G ABE FDLME S P 422 Mg A T AR < >R FH
ELAE 90 mm HBEFRMLAE AT R W0 X Sk, w4
PUE—FLLE, P s o B0 R i,
FHBRAGCR R R AR R 12 h, B UAFUR AR B ds
2 A The observer XT( V16.0, Noldus Information
Technology, Wageningen, the Netherlands ) 174
WS HT R G, BCE R FRIEE Gk, BUIA
EEXT GO, BRSBTS, T E
AT IR S 3 AT A T 7 TG AS ) A B ) A
FUAE H pf %) BB TRA TR 18], W AP I 1 e ey
J@ATHRJE | FERCLIME d BT 45 B G, AR EAT]
5L ME R 2 T8) S BB . AR SR AT T
15 A %I B R A7 T 28 53 A 3o ik
7 2255 MRS , A B R 7 22 53 i b
E, >KH SPSS (v. 22; IBM Corp., Armonk, NY,
USA) X EURIEAT 22 RS, P <0.05 AEN
FEAE R 25 5 (PP LR : TSI HEAS ¢ K0 s
ZH A : KR T7 2253017, One-way ANOVA ),
123 AEAKERBEIHHEIRABRSUEY
FIREVANEN .. EESHT ARG S A5
A A, gD (0-8 1) WaiGE
SRR (HEHGE Y-M, #EdGER Y-F), 4if
RR Y R (HERE Y B-M, MR
B-F). LIRMERAEH F AR (i i
e YM-M, #EdGE s YM-F) Bk 7 d R T
X% ; 2% Young H Schal (1997 ). Bk (2018 )
B ST (2020 ) BREEHCR Kk S AP JT
25, SRR C e w] B 368 2 1o ) Jo A DR ot 2
0, MeAh, XHFAETIR 7 d MR (CO, AbHEEK
FE), R T AHIE D AT TR B B A B
R A A P 10 XP R, BRIy —
MEE
1.2.3.1 IHREM#HITEREST I GC-MS
( Thermo Scientific, USA ) Xtk & ALY 12
IR AT 3% o br, SR F 4 P84 Xcalibur
2.2, ffif] TR-5 MS UI B4 E34E (30 mx
0.25 mmx0.25 pm, Agilent Technologies, USA ),

(1) RERERERC A B Shithe, BCE AT
WA, BRHERE 1 pLo AREAS M HER T 1R

N 1E 60 °CFHF 2 min J&, LIS °C/min (3
JEFFZ 320 °C, 7F 320 CTFHEEE 10 min, 4331
PRI A | SRR RS TR G B A 4 1 T B 1
280, 300 i1 280 °C, HLESEEA(EN 70 eV, &I
TN BL B, 0N 45-650 m/z,
ERN 5 Ws.

(2)f# ] Xcabulibur Ff4, 315 H L5 5R 1S
1) €0 i (] o A (8 DA R I TR AR o FH A (85 0
TR 5 R T AR , AR B S A A k. A
] GraphPad Prism 8.0.2 3R {4 X4k 54743 A Ak
HIFER,
1.2.3.2 XHEEMHITIFE @A EIE GC-MS 1R
B SRAIE CBeE A 7388 3% ) B pe i -
PR 1.2.1 HHUSHARIPEN . ARG 6
PRI M e, WP 22 R A IR AR A SR R
H AR\ F ( Personal Biotechnology Co., Ltd.,
Shanghai, China. ) #47AE$E A {CHHZ GC-MS 4
ERAESTT
1233 AEAKBURBFEEZECNEHEBRE
MREELE AFIEAIRET LR
HECHE , X RTA o g AT bR AT o B R
SPSS (v. 22; IBM Corp., Armonk, NY, USA ) i
FAEEEH L ( Kruskal-Wallis ), P < 0.05 A&
HFETE R EEE SR

TERSET B LA e B R BOE
FET e G BT — M IS, SRAT 1.2.3 79
(ITIEHEATIE CBERTRI 40T, A AT IARREA
T3 — AR B R A TR S S, 25 °C TR
7d JEBCT AT BRI S BT o AR R ) A S
SPSS (v. 22; IBM Corp., Armonk, NY, USA ) i
FTHECXT ¢ K55 ( Paired t-test), P < 0.05 A& NAT
TEREE R

1.3 #HiEaH

g B T A Bl R T SPSS (v, 225
IBM Corp., Armonk, NY, USA ) #1741
5 0 40 W 6 B0 48 3 0 A5 A e 56 L 22 5%
WHRRE, 46 5 (2 40X ) FspEER
I 2530 (One-way ANOVA ) FHELSK, FH-iET
22N (P <0.05). RFY R GC-MS Kl
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ZHLAS AR TS Y TR RN, SEBR S A
PEAEAE— B Bk, B AN T 2250 TR
FH TAEZ KK ( Kruskal-Wallis ) I 15472 5F
PESHT (P <0.05 ), TEIARSETHE s A A
SEEEAS, FFEHCXT ¢ K25S ( Paired t-test) Bk, i
IS (P <0.05),

2 #RESWH

2.1 REIEXARE LN KAEERF

TP FROX AN [ B S0 (2 PR ) S 4% 58 P 285
b, AR RO BERRR 6, PRI CUE dLt

7 2EBE I UCECHR 22 15 3 G (o Hhe A U8, I
rh RS I R I RS BE R 12 R, A 10 Rk T
SRR, A 2 URIERR T BRI R A
ARG AZ L A4 34 R, A 31 IRBEHE T B G
A 3 UCHERE T ICME R 5 I LA [ 538 T £ 174 S
£ T R AR T AR ) AR SR A A T IX ), e
JEE I LAY ST L TN R A 30%, T 2 TS e L A2 L 1Y)
IR E L 85.0% (F 1),

EE XIS AR S0 T I A R B S, TCiR e
FEATA L, HR RS TG AR AT AR P
TR M AL SE T B DI N 85.0%, 177 SR RS ME HL 58
BCA IR Ty 87.5% (F2) .

®1 RENHERASAFEREBERMIERFTRL

Table 1 The mating behavior of Harmonia axyridis males with females of different colors

#5534 Data group Im vs 2f Im vs 2f 411 Total
Jife U )RS (4 The elytral color of male i Yellow Black /
RIEFE A The total number 40 40 80
AZHE AL TR L The number of successful mate 12 34 45
AH AT (% ) The success rate of mating (%) 30 85
Bt (38 - %22 ) The selection ratio of yellow and black elytra 1:5.00 1:11.33 1:8.20

FPE “m” R AR THEEAIMEE , U AR AR AL BRAT R R R H o R R I
The “m” and “f” in the table represent male and female, respectively, with the preceding numbers indicating the count of
individuals of each gender in the treatment group. The same below.

®2 RENHERASAFKRBHE T/ EEERNZEETR

Table 2 The mating behavior of Harmonia axyridis males with death/alive females of different colors

B IE5341 Data group Im vs 2f Im vs 2f A1t Total
Jife HU B3 )RS €4, The elytral color of male % Yellow Black /
IS FE A i The total number 40 40 80
EHE IR EL The number of successful mate 34 35
ZHEBIIR (% ) The success rate of mating (%) 85.0% 87.5%
Battb (196 : #%%E ) The selection ratio of alive and death 34:0 35:0 69:0

2.2 $HIBY BB AR X 32 ELiR BT 8 B9 RS A

S 0 SO Hh e e 7 X oA 2 A B ) M
I, EASTADUHE R P A3 sl AR B A, xS
TASAPLET (IEC k) Vel rsE Ui,
Je FEI SR 4 SR LN BE AR sl A2 S (180 1
D ), A5 (0B HURE B IS R Ak B 45 R
A B AT SR LB R, 1 e T T e L ik

B (A3HTIX in) SAREEMEEH (47X out)
IR (B 1. A), S55 o d A R B
2 HPTC T B AR T A B2 5 i HR 2R AL H B
AT 152 B8 1 B 1) B S« e R 7 SR A L £ 3
BAF A0 452 B I R W 7o AL B, (B G824 e 3 22
5 ( t=162.105, df=32, P=031, E1: B),
T He e ) B 25 07 FLME HLU A~ B g b, X
FRZA PS4 FE s 1 IR T A0 A (¢ = 5.345,
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IO R ELEESR (P<0.01,
AR 0BT RIS REAS ¢ A58 ).

ns.F#REFRAEE (P>0.05,
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AT A ns 500 5rc
NN | | g ok
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ge | A BE st
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~N
X \ N SPRRZH AbERAH TR AbFRA
% J $ %k%\ NC \ & \Q Control Treatment Control Treatment
@“’ \k Qb“’ > @%’ @‘0 @%’ &
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Fig. 1 Male Harmonia axyridis behavioral responses to various simulated female ones
A JCFTHE; B. fEEIE; C. B H bR
D. Bl al MALIETE (22 K05 FME O R BRI BS54, A0 Ve IS X2 ).
PLOFEMEd R ey, B4R 1S em (EDE XSS W (in)”, FRKE R “4h (out ),

MSEREA ¢ K3 ),

A. The crawling speed of the target insect; B. The duration spent at the edge of the simulated female;
C. The average distance of the target male to the simulated female throughout the experiment;

D. Typical trajectory visualization (the left image showing the simulated female with intact elytra, while the right
depicts the one after elytra removal). The region around the simulated female is set as ‘in’, with a circular area
of 1.5 cm radius, while the remaining area is labeled 'out'. ** indicates statistically significant
difference, n.s. indicates no significant difference observed among treatments
(P <0.001, one-way ANOVA and ¢-test).

K1:. C),
23 RABIHHEIREBEENEYHYWRAR

LEA S MO REE B BHE] ( Retention time,

RT ), Bri A FARE AL 22 XS, AORH (5 0
25 IR KW U e A AT B SR an R 3 ANl 2 o,
2 ) S 0 TBIN e B S 3R T ) o T A G O E B
Ptk LA Je— 29 A S i S AL A . P
RSN (E)-5-Z 1wk, 9-TJuks. 1B+
JUkE . IE e 1,19- Rk s LA B 1 bR
Yy,

df=32, P<0.01,

24 FARREREMRHEHARTRSELGWH
SEEZRSW

MY ER P EBR: 9-F Uk (9-
Nonadecene, RT =25.14; F=2.805, P<0.05)
(B 3: C) 7R F11JEFF$ SR 2 5 T
B, LIS Ib RS F AU R BUKE
EMT A G, Ei*"{ﬂ]?iﬂi‘ﬁﬂéfnv
( 1,15-Pentadecanediol, RT =28.87; H=14.85,
P <0.05) ([E3: K); FREMEY 29.39 min f)
Wy ST A A A (R A A B B2 SR, TR
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R3 FeElHBFARANREERNER

Table 3 The qualitative detection results of substances on the elytra surface of Harmonia axyridis

T R ]
('min) FEY AR
Retention time The name of main substance

(min)

IR
(min) FEY) AR
Retention time The name of main substance

(min)

24.12 1E+ Ju¥E Nonadecane
24.90 FEIR 2 -ABEH Vitexin xyloside

25.14 RGN L T HE Oxalic acid, allyl nonyl ester

25.89 9-+JUul% 9-Nonadecene

26.13 1E — %€ n-Eicosane

26.85 FRHWYIT Unknown

27.78 (E)-5-_ W) (E)-5-Eicosene

28.00 3,4,5,6-VU H B&-2F ¢ 3,4,5,6-Tetramethyl-Octane

28.45 FRHYIET Unknown

28.68 ARHIWY T Unknown

28.87 1,15-+ H. e — ¥ 1,15-Pentadecanediol
29.55 ARHIWYI T Unknown

29.73 AHIWYI T Unknown

31.07 1,19-— %% — 4 1,19-Eicosadiene
31.20 AHIWYI T Unknown

100

X & Relative abundance
— N w N 9] N ~J [oe] o)
(e} (] o o oS () (e} (=) [e)
T T T T T T T T T
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S e
N N 0") N \5.

S, 0
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D N3

Dl S

Vid S

oq

RS S
ity

2 4 6

(=}

TSR N S DU T T o
8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38

{#88mf8] (min) Retention time (min)

B2 REIHHBEREYR GC BEE ( LNEREREBAG) )
Fig.2 The GC detection results of the surface (elytra of yellow-ground individual)
substances of Harmonia axyridis

Fi AR E KV 2 2 BARBOR AR (18] 3. L),
EAR 3BT R BEAS S e Jo ) ELAAR 2

P o- 1 Julis (B 3: C) #EARIA
PEG B 2 E] (D-M,Y-M vs D-EY-F ) #1155
P 2 S, MEHUARIR R W R T
(P<0.05), MANE)-5-— ks (3. G)
R AR b T MEME R R, (A2
FARE (P>0.05),

WA YR, W o1,19- 8% 4 (1,19-
Eicosadiene ). 1,15-+ FH % & (1,15-
Pentadecanediol ). £ WA 29.55. 31.13

31.20 min AAREEE H P B (& 3: K, M-P)
RGPS B . R e 4 R
WA TS W) T s 2SRl 22 R i) (AR B
ofr €2, 3 (3% 55 b O] vp A AR R B IR A AE
o), (MR (B 3: E, I, L, P).

25 ERSHCRGHHAEBRABRSLEAY
HagEERS

s 7d )5, S0 B s A R T O ik
[EWEERET . AR R A
28.45 min ¥ (t=6.944, df=15, P<0.001 )
(El4: A). PAEETEY 28.68 min I (=
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Fig.3 Comparison of the main hydrocarbon contents on the elytral surface of the Harmonia axyridis
A. IETIUbE; B, HERIGTREETRES; C. 9-TJU; D. IEZ+%e; E. REWIT; F. RIPIBT; G 5-Z 1k ; H. 3,4,5,6-
PUFRJE-de s L ORI T RFIWIBT; Ko LIS-HTibe /s L RFIWIBG; M. ORFIWIBE; N 1,19-— 8k 0
O. RFYli; P. %%ﬂ%fﬁo D-M: JBJEHMEME; Y-M: BKHEYE; D-F: JBASHEME; Y-F: BURHEME; YM-M: JBH
P AUMEYE s YM-F: BREZRACF, 1Uﬂ#f§ HALFy N%XJUL%%I%jaFEETFDETﬁU\’% RHAE . TR Y BUR BEE
P, E*E@iﬂl?ﬁ%@T%Fﬁﬁ@%%’ﬁﬂﬁl (min ), FR7E “N.F. “FORTEAL AL B Y BORBATINE] . HE BRI BER
ANEEIESE, n.s BRI AL B 2 [ RGN B 2 (P <0.05, AESHUGE; Kruskal-Wallis test ).

A. Nonadecane; B. Oxalic acid, allyl nonyl ester; C. 9-Nonadecene; D. n-Eicosane; E. Unknown substance; F. Unknown
substance; G. 5-Eicosene; H. 3.,4,5,6-Tetramethyl-octane; I. Unknown substance; J. Unknown substance;
K. 1,15-Pentadecanediol; L. Unknown substance; M. Unknown substance; N. 1,19-Eicosadiene; O. Unknown substance;

P. Unknown substance. D-M: Black background males; Y-M: Yellow background males; D-F: Black background females; Y-F:
Yellow background females; YM-M: F; hybrid males (black and yellow hybridization); YM-F: F, hybrid females (black and
yellow hybridization). The F; hybrids exhibit a mosaic coexistence of black and yellow background traits in appearance.
Since some compounds could not be identified, the numbers in the figure represent the retention times (min) of substances.
“N.F” indicates substance is not detected; Different letters above bars indicate significant difference (P < 0.05, non-parametric
test; Kruskal-Wallis test). n.s. indicates no significant difference (P < 0.05, non-parametric test; Kruskal-Wallis test).
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Fig. 4 Hydrocarbons (CHCs) on the elytral surface of Harmonia axyridis
that showed significant changes in content after 7 days of death

T R BURREE Y, & FOr B R T W SRR BRI ], 2350 R BRI (] 7E 28.45 (A ), 28.68 (B), 29.39 (C)
F131.20 min (D) ML, *F R Z MIFAATE R FE 2SR (F P<0.05, ** P<0.001, BCXTFEAS ¢ 460560 ).
Due to the inability to identify the substances involved, the numbers in the chart above represent
the retention times (min) of the substances, these are substances with retention times of 28.45 (A),

28.68 (B), 29.39 (C) and 31.20 min (D), respectively. * and ** indicate significant difference between treatments
(* P<0.05, ** P <0.001, paired t-test).
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