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&, RERHLRIES, B YRS o R
YER™, AR BEAE A B B A2 3 R RS 1k
A, HALBEN- YR ARSI, SRR LS
TR R, 72 R RAETE T S S A
o, R HARRERR S LA PR ARz B 2 Fh K 2 15
Mol , AOFEMER] . W3 PERCGHE DL St SR R L
Z &M, Sano M Kk BLERIE B ( Tetramorium
caespitum L.) WWEERR S EY T Cis ~Cyy Z A Y
P L R B B R 45%~56% . IERERR S RN
16%~40% . Sidi ke & il 10%~20%, HIXTFEEH
AR S Y B 3 S B b e i R T DU R b A
FBJ 1k TR ) S AR A T T 2A E S5 R ER .
Balbuena %! & BLICHI % ( Tetragonisca angustula
Latreille ) 1 57 5F LAY T MR BE ik 4L & 9 rh 9 H
S IoE I RN T B L B T e A ST R T
W%, Aol A RE i S A G D AE R R
AT EAEEEN ., RATEE NS R4
AT AR, &I A 7 T S o7 2 22
RRESS , AReSr BV EASERAT R, XU R RERR
AL E W TR bR T FONE B 2R 7R M 1l L 2e T
SRR R E TR . AW R KA E A4
o WPl R R R A RE B S LS i
155107, IRVHARERR S AL AW 3 TEAS [R) P i i
AR SR, i D HA R AR AT
HH ) D RE B JEA

1 MR EF®

1.1 WEEXRFHFE

2017 4% 3 H BAIFE L AR i 8 1L R =F
MIX (36°21746.95"N, 116°58'32.29"E ) A 4H A
YR WUFAZ KA L, R B IP l  al H
W NSO S TV W 2l 2 | RS
A 4mL B8, A RSLE T RRE R S LS
YIREC, [FIPE SR AZ R4 B e o = SR A AR
BN 50 cm A2 A ARBLE MISL86 %, B TSR REN
T 10 AP A B ANEEZ AL R, 12 A LA)EF
TR AL P A AR B A T IR BE i S AL A 1
FEHL,
1.2 =R F

T — WA= akE kR ((11Me-Cys, CAS:
5689-71-1) . T—HH 17 (11Me-C,p, CAS:
68547-06-8 ) Ml —H I Lkl (11Me-C,y,
CAS: 15689-68-6 ) (4= 98% ) brifEsh¥e A

Chemtech MD 7~ A ( 8035 Paphos, Cyprus) . Cg~
Cag IRBTRER L2 BL—TRIR Cyp Fl Cog (AL =99% )
I H 2£ [E AccuStandard A F] ( New Haven, Con-
necticut, USA) .

1.3 REBRSLEYHIRE

1.3.1 BEA#FERE (SPME) i HH Supelco70-
um Carbowax/divinylbenzene ( CAR/DVB ) £} 4k
(573360U, Yellow-Green, Supelcolnc., Bellefonte,
PA) $EU 3 H Oy bR Ia] 47 € R A2 0 M L L (=
5)  MERLHL (n=5) , FHAABTHS MR A iyl i e
(n=4) . MERUHR (n=4 3 ) RAARAR B 1)
By (n=4) REER S GV . ST JedE
BHL, AT 2 Sk P o) 4% 27 b PE 458 0K o A S R T
30 IR, BEPIIREEE Z ATt e 4k . IURESS IR
Ji 5z BB 27 43k 3F GC-MS HEA TR BE B S AL A5 ) A
53538

132 EARsE BB 1 mL 7 HraliiE
CEEMPERURIZ R A4 CIMMERUR (n=5) FIHERL
H (n=5) BARBTERH WP A ERL . (n=6) F1
e (n=5) PREE, BESopURbek 6 i (391 6 mL
WRVEWR ) L RO AR S A Y. 4 mL
IBALIE C AR EBURAZ R A4 3 (#=8) 3 min,
S A AR RERR AL ST o L HUARBE IR e
2 R PRI AR S R B PRS2 2 mL, A
-20°C VKA RATLL#S GC-MS 43T,

14 GC-MS &#f

[E] A A BT A SR R BRSPS
Wi S Y 7E Finnigan Trace DSQ S AH 4 3% - it % Bk FH
AT, SRR ETE TSR BERE O RIE 2R
JEF 220 C, AN EA CfRE 1.0 mL-min™")
HP-5MS B %R (30 mx0.25 mmi.d. x 0.25 um
B, J&W Scientific, Folsom, CA, USA) . f&
EIHREEFF . 60 °C fRFF 1 min, 10 C-min”' FHi
2300 C, HF 10 min, BG4 1EAT22
FLUE 70 eV MUHF& a8 (ED) BT, Bk
o 220°C, TR ELE 41~560 amu, LIZR
BUs s i @i (TIC) M7 E mor#Tr. [
HHIMAEL CAR/DVB £F4ESAf AMERE T, ZETC53 R
BT T 1 min, SRETFIRIETT EIEFET .
IABERR A A P TS i ot ShRUE S L

BTG ORE INR] | RRIERE R B SR L D) R
FH Kovats 14 B 15 BOF1 NIST11 3 & UEA 740 Bh % 22 .
REETR S AL A Y& ki e s R S AR E
RIS Cop WETH AR T LLER , B 25 U3 B 48 %)
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T,
1.5 Fitaih
Cy~Cyo IR AT GC-MS 347, ik 45be
y SRR ] B3l N1 /A W0 I o Vi = STl <)
Kovats { /i 48 BUE#EA T,
tr (unknown) — tx(n)
tr(N) —tr(n)
“NRN“n R S BT RE i BT I T S IR bk (i
e BAT BRI T4, <ty (N) "<ty (n) "R
ST SR TS T S A o € 5 e 1 R B s [R]
“tg (unknown ) "R TS A i I I O BE P[]
SPME 0 H1 3545 i 1 & B Kt 485 arcsinp
AL AT BN R 5 22008 (ANOVA) |, RJH LSD
0] 4 3R] P B R AT 22 S WE R ER (0=0.05
il 0=0.01, SPSS Statistics17.0 ) . #iX} & EEHEIE
TTAESEK S ( Nonparametric tests ) , X [f]— 4>
FEAS [A) U 5 5 8088 >R B Kruskal-Walls 5 56 43
Br, ZH 18] 2 55 0 0 Lo P — 20 AT R LL A
(a=0.05 Fil ¢=0.01, SPSS Statistics17.0) .

2 RGN

2.1 SPME BEUHIMEZ KRG 3 N HEGERS
wEMS
[ R AR B PR OSSR AZ R A 3 4 HUH AR BE R

K1 =100n+ 100(N — n) x

DAEY AR R, REERR AL S Y £
B OERE RS . B R A 3 S B e IR M Bl (1R 1,
£ 1) o ghlikRERR S S YT n-Cyy. n-Cys TS
&I (squalene ) FE#m, —& b ARELEY
TR 61.75%; HIHN 3Me-Cys Fll n-Cyy, i
25.90%. £ &l B RE B S A S P R D
n-Cys Fl n-Cyg BUAY, HE AR 4 HUARE i S AG T
11Me-Cys. 11Me-Cyg. 11Me-C,; Fil 3Me-Cyy JE 53 o
W3R AR 1 o e A BE B A5 ) T n-Cos Tl n-Coy &
AR, KK F 3Me-C,y. n-Cyy Hl £ B 1 BT
gy, MERLH HHERL R 2 n-Cs. n-Cig Fl n-Cyo, H:
5553 MEfE— 2 H. 3Me-Cyps. 11Me-C,; il n-Cpg 1E
MEME AR REBR S AL S h 22 R 2 B I R
TREERR S A WA —3, n-Cos Friddmem, HK
J& n-Cy Fll 3Me-Cyso 739, 11Me-Cys. 3Me-Cos .
11Me-Cyq. 11,15diMe-Cyy Fll n-Cyg 5 i 85315 M I
B HAAREE R AT o 2 R R

WEAA YL n-Cys. n-Chy Al 3Me-C,; {UFE
1 A s AR RE PRI 2], LA A e s
AT S 2 TR . n-Cys 75 3 > HU (ABE Hh
FHXTE S EB R, MERZEFARE . n-Cy
FE Gl ok (AR v 1 5 B B T R
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Fig. 1 Total ion chromatogram of the cuticular hydrocarbonssampled by SPME from mature larvae of

Semanotus bifasciatus
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®1 WNELRERERABEBMEBERRNIEERSHLEWH GC-MS SHER
Table 1 Cuticular hydrocarbons analyzed by SPME-GC-MS from different developmental stages of Semanotus bifasciatus

AL R AR S A BE R S AL S VAR 1 2035

The relative amounts of cuticular hydrocarbons from different

PREERR A A

developmental stages of S. bifasciatus/%

Feak Cuticular PRE TR : SEIA D f : S ) 3 \ 005 ) o0
No. Kls 4 B PRI 1 M et A B NISEI A PO R A B B du B K d
Hydrocarbons larval body Newly emerged female Newly emerged male  Flying stage female  Flying stage male
wall(=SE), adult elytra (+SE), adult elytra (+SE), adult elytra(+SE), adult elytra(+SE),
n=4 n=4 n=4 n=5 n=5
1 n-Cys 1500 1.16 — 3.10 — —
2 n-Cig 1 600 1.29a" — 3.60+0.63 a — —
3 n-Cyg 1 800 — — 4.90+3.35 — —
4 n-Cys 2300 — — — 2.3240.20 a 2.89+0.95 a
5 n-Cyy 2 400 — — - 1.24+0.126 a 0.83£0.01 a
6 n-Cys 2 500 20.78+5.83 a 30.88+3.07 a 34.60+4.23 a 27.87£6.50 a 27.49+6.13 a
7 11Me-C,s 2531 — 2.77+0.68 C 1.56+0.24 C 10.68+1.11 B 18.97+£2.08 A
8 3Me-Css 2 569 13.00+11.62 a 14.82+1.76 a 8.90+1.45Db 17.21+£2.78 a 8.45+1.09b
9 n-Cyg 2 600 2.26+0.13 B 3.74+0.56 B 2.54+0.70 B 14.36+1.19 A 10.58+1.34 A
10 11Me-Cyq 2 624 — 1.75 +0.05B 2.70+0.54 B 1.53+0.23 B 11.95+4.73 A
11 n-Cyy 2700 21.57+0.75 Aa 14.65+2.75 Ab 15.86+4.88 Ab 3.78+0.42 Be 3.46+0.07 Bc
12 11Me-Cy; 2732 — 6.35£0.83 a 2.76+0.69 b 7.09+0.93 a 8.58+1.47 a
13 11,15diMe-C,, 2759 2.93+075 b 13.89+0.44 a 9.93+3.00 a 8.31+£0.76 a 2.87+0.01 b
14 3Me-C,; 2771 — — - 2.05+0.184 a 3.19+0.01 a
15 n-Cyg 2 800 0.76+0.48 ¢ 9.40+1.63a 3.41+0.87 be 3.56+0.23 b 0.74+0.17 ¢
16 squalene 2 828 19.40£7.06 — — — =
17 n-Cyg 2900 12.90+0.62 A 1.75+£0.31 B 6.14£1.52 B = =
18 n-Cy, 3100 3.95+0.68 — — — =

e BT JE AR R /NG B RS R R A BB S S AR R & B2 R A B2 (0=0.05), MR KRS FRERR G ERAREE 257 (a=0.01), n iy

R E 2 4.

Note: The same lowercase letters in each row indicated the CHCs from different developmental stagesare notsignificantly differentat a=0.05 level, and the
same capital lettersin each row are notsignificantly different at 0=0.01 level. “n” is the replicates.

EUR Rk, HAz IR Al A 4 A
AR T %) ORI R Ak ) L R ( F=9.66, P=
0.001) o n-Cyg 75 3 > U AHXT H 70 & K
K, WL o A 5 e v T LAt ol
W (F=12.78, P=0.02) . n-Cy TEL HUAREE Py
A S R R Ak 1 A s A R v
(F=42.49, P=0.01) , {HJE7E4 CIIMEME K A rp
AR BNZ LT o n-Cyy ANTEL) HURBERR AL 51
HR I ]

TRBERR F AL S 11Me-Cys H & Bl HLARRY
KRB RIK, 7549 MR b b e 2 S
FRIPL I MEER 1 ( F=57.32, P=0.001) , HL7¥
G e 1 A A RE R LA S T
( F=12.86, P=0.016) . 11Me-C,, 7£ 47 &I Ak

HAREER EAL ST Rk 11.95%, 1fifEH:
by O IZ A 1 o EEANEE 1.5%~3.0% Z 0], )
2R T A R R RE AR S AL S T R A L (F=
56.65, P=0.001) . 11Me-Cyy 7547 I I I 12 i,
Hu KRR Ak e A BE B S AL S TP T o BB AR
HZERANEE, B85 T WPk g
( F=6.69, P=0.009) ., 3Me-C,s 15 M i Ht {4 BE
LG B TR A (F=5.90, P=
0.045) o 3Me-C,y 7E4% I T 11 1 LA BE iR S
EYTHEEERARE . 11,15diMe-Cyy TE4 H
58 I Rz m b 2z A B E (P>0.05)
T WISRIAR 4 e B 15 e K 47 S A o S 2 1) 2 S A
AW N TE R R R R R LA
XS EE S B (F=12.78, P=0.023) .
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#3345

22 BRFBRREFRINNINHRPEERSUED
S

4l KRB R AL S W0 n-Cy; (144 ng) 2K
HIFAEAR, X5 SPME /hHrés R —2; HiZ
WA R 2 fA s, X5 SPME 43 B 45 SR A0 I o
FEL) R EE SR S AL S P AR 2] Cp5~Coy M IESE
Y2 T 11Me-Cyg. 11Me-C,, 1 3Me-C,, Y F 3L 7 4
Bk o WPk ry A o L AR Bl AL 5 P Il o A
—%, HMEMER EFE2ERARE; n-Cis Ml n-Cg
ASCHE NI P %) e B AR RE R AETE 1T n-C g ZE NI
AP S 1 R AR BE TR RGN B AE B I M Y

WA R R AR RER R S AL S LS — 3, (HJ2 11Me-Cyg
(o*=4.50, P=0.034) . 11Me-C,; (*=6.00, P=0.034 ) .
11,15diMe-Cy; (%’=5.06, P=0.023 ) Fl13Me-C,; (y*=
4.50, P=0.034 ) TEMEPE R HUARE i) 5 i 4 2
o THEPE R HARBE A 5 5 n-Coz. 11Me-Cog il
3Me-Cyy T£ &I HURRI I Ak rry s A ol A B v S Akl
2, A M R R AR R E AL A Y S R A
T 2~13 ng Z [0 o HA RSt EMEA AR ] B AR I
Foiitzes (fn, 3Me-Cys, y*=3.76, P=0.053) ,
{HZMEPE AR RE R S A G ) & 38 T EEA A
(n-Cpy Ml n-Coy BRAN) (R 2)

x2 WELRELFERPBRFRRERBINEERSLEY GC-MS S5

Table 2 Cuticular hydrocarbons analyzed by hexane extract-GC-MS from different developmental stages of

Semanotus bifasciatus

UHALRAAS R S R BERR AL 5 5 1/ (-7

The absolute amounts of cuticular hydrocarbons from different developmental stagesof S. bifasciatus/(ng-individual ")

Peak W%%%%ﬁ% L ECE S
No. uticular Is " WIS e ch i WISk e Ky T
Hydrocarbons ij:lllaéfsogil Newly emerged female Newly emergedmale adultFlying stage female adult Flying stage male adult
=3 ’ adult elytra (+SE), n=6 elytra(+SE), n=5 elytra(+SE), n=5 elytra(+SE), n=5

1 n-Cys 1500 — — 19.91+4.30 — —

2 n-Cig 1 600 — — 1.33+0.05 — —

3 n-Cpg 1 800 — 7.03+3.72 a 2.10+0.48 a — —

4 n-Cys 2300 — — — 4.66+2.62 a 11.60+3.09 a

5 n-Cyy 2 400 — 1.41+0.08 a 1.33+0.06 a 5.44+0.95a 12.38+2.15a

6 n-Cys 2 500 20.61+2.43 b" 39.47+2.40 a 26.75+4.70ab 110.65+43.26 a 69.72+12.51 a

7 11Me-C,ys 2531 3.19+0.49 b 2.11+0.11 b 1.98+0.17 b 53.9949.64 a 30.24+6.28 a

8 3Me-C,s 2569 5.79+0.81 ¢ 18.26+1.33 b 13.81+£2.76 b 67.27421.08 a 26.37+2.18 a

9 n-Cyg 2 600 3.01+0.18 b 2.99+0.24 b 2.47+0.26 b 58.63+16.96 a 29.83£3.16 a

10 11Me-Cyq4 2 624 — — — 12.60+3.18 a 2.87+0.66 b

11 n-Cyy 2700 43.03+1.62 a 9.32+0.88 b 7.72+1.19b 12.71+£5.54 b 4.49+1.28 b

12 11Me-Cy; 2732 — 4.12+0.90 b 1.94+0.28 b 15.59+2.89 a 3.50+1.30 b

13 11,15diMe-C,, 2759 7.06+0.34 b 7.96+2.16 b 8.41+3.80b 18.25+8.89 a 4.90+1.57 b

14 3Me-C,; 2771 — — — 5.72+1.40 a 2.03+0.38 b

15 n-Cyg 2 800 1.54+0.12 a 4.92+0.93 a 3.40+0.43 a 3.43+0.39 a 6.45+3.49 a

16 n-Cyg 2900 15.69+1.61 a 2.12+0.15b 1.94+0.05 b = =

17 n-Cy; 3100 1.44+0.08 — — — —

T BHTHCT E A NG TR AN TR BE R AL S PR 5 B2 AN 2 (0=0.05), “n” A E S AL

Note: The same lower case letter in each row indicated the CHCs are not significant differences (¢=0.05), “n” is thereplicates.

n-Cyy TEMERE R A 22 55 A B3 (¢*=6.60, P=
0.086 ) , {FLJ2 I 31 14 1 f Al Jig, Hhe A B v 1) 5 2 2y
T4 I SRR BE T 1 B i, n-Cos TESIIR
P RE rp B 1 25 IR ISR Ak Y e L (=8.817,
P=0.003) . 4 CWHER (5°=6.00, P=0.014) F1%

K E R (97=4.50, P=0.034) REEHESE; AH
J n-Cyy TE4)) HUARE 5 1 I 25 v T 2P 1 e o
(/=9.60, P=0.002) . HEH (=739, P=0.007) ;
VL B R M e (47=8.595, P=0.003 ) Fl/E
(x’=6.00, P=0.014) IKBEPRSHE, n-Cye 7RSI H
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TPk 1 2 g A RE P 22 R 3, 3
FE 2~3 ng Z (0], T 7ES7 GO Al v 2 ol e AR oo
R R E R (=6.00, P=0.014) , ik
| 30~60 ng, n-Cyg 7£ 3 P HWIIRREIR S LB
HIROS IR, A EAE 1.5~6.5 ng Z[A], L4 Hub
225N E o n-Cyo 154 KVl HUIARE th R Bl A
B, e HUARRE b B i b R T R A A i
e (=240, P=0.012) .

11Me-Cys 7E47 W IUI i i 19 P o i A B it S 1
B b B 3 R T A A o e 4
3Me-Cys £ 3 M HUNREER ZML AW S EES B
F (A RIPE U, ?=9.60, P=0.002;
KIPRIfER L : 4 R, ¢?=7.50, P=0.006) , H.
FEMAERFTHEEHENZ, hg i 5.79 ng
8K 3 B PR R Y 67.27 ng. 11Me-Cyy
FE G A HUARRE v i 1 B R TR Y
WfE e R e R 4 R A B v A
(¢=6.00, P=0.014) , HPaHEMEMERR LT 2
PUBE R A, 11,15diMe-Cyy TEZNHL | R LA FI
B A R TP  S RER AR E, (A
TR e ARE R R R (=753,
P=0.006) . 3Me-C,; 747 &I i ni e fA B rpr (19 55
I I AR BE i (=450, P=
0.034)
3 itig

B R RE i S A A R R4 R L P 3T
e, MEA RN bE(E B A AR R P AU S5
Y IRe, HA R N R & T A & B B By AR
oAt . BN, SEEZEE ( Riptortus pedestris
Fabricius ) AN [A] & & W BoiRBEfx S 46 G4 E 2805
HH 27%~63% FIELERE A 1, U B S R e
R SRR . Ay O R AL A W
J& n-Chos MITPIMLAY B FEE e n-Cyp, BB
RE WL bR B B2 n-Csy . n-
Cy7. 13,17diMe-Cy; il 15,19diMe-Cy3!"Y, KRR
HMEREA ST AL E 5 5 2 R IR EE R S AL S W Th
{14 R 3 S b s B I e LA D BOE e ke . il
[RGB R ( Megacyllene caryae Gahan ) 4%
fil P 13 L2 A R Z9-Coo', 1T R 5 K B R 4
( Mallodon dasystomus Say ) ¥ b PE(F B R o
& 2Me-Cyg Hl 2Me-Cog!' !, 33X 2 Fofi K 25 MfE Ik 1A BE

FAEWHT e B IR KE 7o VR M
BUNP A Sl R 2R E S WA, A
R EREH, ArRESE- . Filan, BEEE
K4 ( Neoclytus acuminatus acuminatus Fabricius )
W RS AT 6 i R S B ol S I R T AN B
B, HH 7Me-C,;. 7Me-Cys £ OMe-C,, 5 H AR BE
A A Y BTN 40% 247, TMe-C,, Bl i
REROERIE R R RAT A, 15 7TMe-Cyps F1 9Me-
Cyy L[ FHEA 5 M s HOAH R ) A= P 3

AR T AGAZ R A EAG B WIS
B KA I 3 A B B B BRI RE R AL
VIR ZE S S AR AR o AN ] BB AZ R A (A B i
[AA Wy EEALRE C~Cy ZHIELERE |
5 PP LS B el A | A W R SRR R . Bk
TR O A RE LA TR 22 5, (HJ2 4 P 3
SCHEEIE R ME URRE S i R i TR NIPRIAE
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Changes of Cuticular Hydrocarbons of Semanotus bifasciatus
Motschulsky in Different Developmental Stages

ZHANG Shi-yu', ZHANG Su-fang', LIU Fu', MA Shen-cheng®, JIA Chun-yan’,
SHEN Wei-xing*, ZHANG Zhen', KONG Xiang-bo'

(1. Key Laboratory of Forest Protection of the National Forestry and Grassland Administration, Research Institute of Forest Ecology,
Environment and Protection, Chinese Academy of Forestry, Beijing 100091, China; 2. Mount Tai Scenic Area
Management Committee, Tai’an 271000, Shandong, China)

Abstract: [Objective] To study the change of the cuticular hydrocarbons (CHCs) of larvae and adult of Semanotus
bifasciatus and their potential reproductive functions between males and females by analyzing the components, con-
tents, and ratios of CHCs of S. bifasciatus in different developmental stages. [Method] The CHCs extracted from
different developmental stages of S. bifasciatus by hexane solvent and solid phase microextraction (SPME) methods
were analyzed by means of gas chromatography (GC) coupled with mass spectrometer (MS), and comparative analys-
is of the contents and ratios of CHCs were conducted. [Result] GC-MS analysis of the CHCs from different develop-
mental stages of S. bifasciatus demonstrated the presence of four homologous series of alkanes: n-alkanes from C,5 to
C;, alkenes, monomethylalkanes, and dimethylalkanes. Of the total hydrocarbons in the body wall of the mature lar-
vae, the n-alkane series from C;5 to C;; accounted for 64.67%, with the major component being n-heptacosane
(abundance: 21.57%); Squalene was the only detected alkene with 19.4% proportion in the CHCs; of the
methylalkanes, it was 3-methylpentacosane and 11,15-dimethylheptacosane accounting for 15.93%. The n-alkane
series accounted for 60.42% of the total hydrocarbons in newly emerged females, 74.15% in newly emerged males,
53.13% in flying stage females, and 45.99% in flying stage males. In the branched-chain series, the newly emerged
female elytra accounted for 39.58%, the newly emerged male elytra for 25.85%, the flying stage female elytra for
46.87%, and the flying stage male elytra for 54.01% of the total hydrocarbons. The n-pentacosane was the highest
abundance in male and female adults. With the development of S. bifasciatus from larvae to adult, the contents of n-
alkanes showed a decreasing trend and the methyl-branched alkanes showed an increasing trend. The change of
CHCs from solvent extracts showed the same trends as the SPME sampling method. [Conclusion] The change of
compositions and contents of CHCs from different stages of S. bifasciatus is related to its developmental sexual ma-
turity stages. 11Me-C,4, 11Me-C,;, and 3Me-C,; were not detected in the larval body wall, however, they showed
significant differences in female and male elytra. It is speculated that these three compounds play important roles in
reproductive behaviors of adults.

Keywords: Semanotus bifasciatus; cuticular hydrocarbons; contact sex recognition pheromone; GC-MS; SPME
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