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B OE [B#] %%/ scig Bactrocera dorsalis F1 3 £ 8 52 Bactrocera correcta JP 42 B %) 2
SCURME AT ARSI, DA 2 FhSCIRON RSSO 2 RO R 1k 2E A AR PR TR AL SR T
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The effect of egg extracts on the behavior of gravid female
Bactrocera dorsalis and Bactrocera correcta and analysis of
chemicals on the egg surfaces of these species
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Abstract [Objectives] To investigate the effect of egg extracts on the behavior of gravid female Bactrocera dorsalis and
B. correcta was measured, identify chemicals on the egg surfaces of each species, in order to explain intra- and inter-species
differences in the role of semiochemicals in egg recognition, and provide a theoretical basis for the chemical, ecological
control of these pests. [Methods] The behavioral responses of mated female B. dorsalis and B. correcta to extracts from the
eggs of these species were investigated in a Y tube olfactometer, and their activity tracks analyzed with the software

EthoVision XT. Compounds on egg surfaces were identified by GC-MS and quantified by calculating absolute calibration
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curves obtained from authentic standards. [Results] Egg extracts of B. dorsalis attracted gravid females of this species
(£%=9.383, P=0.002), but repelled female B. correcta (;’=6.737, P=0.009). However, egg extracts of B. correcta were
attractive to both species (*=4.235, P=0.040; 7’=5.818, P=0.016). A total of 11 compounds were identified in egg extracts of

B. dorsalis, including anethole, pentadecane, dodecanoic acid, ethyl dodecanoate, (2)-11-tetradecenoic acid, tetradecanoic acid,

ethyl tetradecanoate, ethyl (E)-9-hexadecenoate, hexadecanoic acid, octadecenoic acid and ethyl (Z)-9-octadecenoate. Only 7

compounds were identified from extracts of B. correcta eggs, and these were also identified from extracts of B. dorsalis eggs.

Anethole, dodecanoic acid, ethyl dodecanoate, (2)-11-tetradecenoic acid were only detected in extracts from B. dorsalis eggs.

The amounts of tetradecanoic acid, ethyl (E)-9-hexadecenoate, and hexadecanoic acid were higher in extracts from B. dorsalis

eggs than in those from B. correcta eggs. [Conclusion] Species-specific egg surface semiochemicals allow B. correcta to

distinguish its own eggs from those of B. dorsalis, and there are significant differences in the chemical composition of the eggs

of these two fruit fly species.

Key words Bactrocera dorsalis; Bactrocera correcta; egg surface chemicals; behavioral response
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o FHIE O BER VeI HE T (19 K £ 14 cm>0.7 mm )
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FE 40%+10%.
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Fig. 1 Olfactory responses of mated female of

Bactrocera dorsalis and Bactrocera correcta to the
eggs extractsin a Y-tube olfactometer
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P<0.05, **3&/x P<0.01,

A. Mated female of Bactrocera dorsalis and Bactrocera
correcta to the eggs extracts of B. dorsalisin a Y-tube
olfactometer; B. Mated female of B. dorsalis and B.
correcta to the eggs extracts of B. correcta in a Y-tube
olfactometer. * indicates significant difference at P<0.05,
** indicates significant difference at P<0.01.
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Fig. 2 Heat map of residence time of mated female of Bactrocera dorsalis and
Bactrocera correctain a Y-tube olfactometer

Pl Y RGeS DX ] ) (TR, 8 P S 14 5% B I A
The darker the color of heat map in a Y-tube olfactometer, the longer the residence time of the fruit fly.
A 7R/ M TR AR /)N S8 B B I ARRT B £ B I )R DX RT 5 B A R S B TR ARG /)N S D9 i B
X HEE R ) 4 B I TR DR 5 € 7 I L £ AR S 08 D B8 O R X 8 v 5 B R X
D. A /NS e W 1 A A AR S5 o B i BB A0 TR ) £ B ] A DX
A. Heat map of residence time of mated female of B. dorsalisin eggs extracts of B. dorsalis and control;
B. Heat map of residence time of mated female of B. correcta in eggs extracts of B. dorsalis and control;

C. Heat map of residence time of mated female of B. correcta in eggs extracts of B. correcta and control;
D. Heat map of residence time of mated female of B. dorsalisin eggs extracts of B. correcta and control.
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Tablel Moving speed of mated female of
Bactrocera dorsalis and Bactrocera correcta in
a Y-tube olfactometer (mm/s)

/NI RRME R A S A E T

=]
Th*emeﬁft&rr?cts Female of B. Female of B.
dorsalis correcta
7 e
(O E 12.21+1.14 8.25+0.95
Egg of B. dorsalis
ERsLER 11.1520.82 12.46+1.92

Egg of B. correcta

IR . (2)-9-+ /\BRIGTR LT 5 1 AT A R 55
W O AR P A e 7 MRS, B
FkE, TIUEERR . TIURRAER . (E)-9-T7Siikhs
fROEE . Toskiie . +/\BRIGHR . (2)-9-+ /\fk
IR e (£ 2 ),

222 #B/EkiE, BABL\IPRIMANES S
E UGN OR S Y S ik &Y

B . T iR . T R ERIN S &0 5k
(23.78+5.86 ). (18.23+£0.98 ) Fil (20.29+2.44 )
png/go MTHFP S B H ) v 4 Hh AR R &
Yo, A/ NSEmE OB Y Th T U AERR L (E)-9-
T ISHRANGETR LW T 7S BERR B 7 1 T A AR S
W B EREY) ) S (P<0.05), T+ Fke, +
VURR W6+ /\BRIGTR . (2)-9- T /\ BRI R IR
TEMFPSCEg R SR I Th i S o =R (P>0.05)
(%£3),

3 itig

S HE HOE S AR A R AL S Wi B '
177 kb, PR AR R B A
My ( Fletcher and Miller, 2008 ), AWFst4i R %
R, A7 /NS e B i BB YT A /) S5 i A T PR LAY
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FH 5 T A R S BRS2 BCH X6 2 ol S i 5 T M P 3%



- 890 - R B H1 244 Chinese Journal of Applied Entomology 58 &

* 2 R/NEHRIAEAEIE IR ER S
Table2 Chemical compoundsidentified from egg extractsin Bactrocera dorsalis and Bactrocera correcta

fl/NSa TR S

= Bie% R e i
number ompounds ‘ndex  index reference E8€ extracts of Egg extracts of
B. dorsalis B. correcta
1 HI&M Anethole 1286 1286 + -
2 T H%E Pentadecane 1503 1500 + +
3 TR Dodecanoic acid 1551 1549 + -
4  +FRZTE Ethyl dodecanoate 1597 1597 + -
5 @-11-1 UBMERR (2)-11-Tetradecenoic acid 1763 1761 + -
6  TVUEER Tetradecanoic acid 1780 1780 + +
7  +TVUERZME Ethyl tetradecanoate 1796 1796 + +
8  (BE)-9- 1T/ WiMili LI Ethyl (E)-9-Hexadecenoate 1974 1977 + +
9 TSR Hexadecanoic acid 2 000 2003 + +
10 F/\BRMEIR Octadecenoic acid 2150 2152 + +
11 (D-9-T/\IHFRZBE Ethyl (Z2)-9-Octadecenoate 2170 2174 + +

PR AR (RD) B3T3 B A S AL (HP-5 ) 64, PR 15403 I (Rlep ) 2 NIST %td)i % ( NIST Mass Spec Data Center,
2020 ) FICHK ( Adams, 2001) FHEIPREEFEE, +RAKMH, KRR H

RI is the retention index on HP-5, and Rl is the retention index obtained from the National Institute of Standards and
Technology (NIST) Chemistry WebBook (NIST Mass Spec Data Center, 2020) and the literature (Adams, 2001), + indicates
detected, — indicates not detected.

R3 BILBPNEARLRINICLEEUFZRINESE

Table3 Theamount of theidentified compoundsin the egg extracts from Bactrocera dorsalis and Bactrocera correcta

MRRE  W/hScmgon  FHamscugopie

i REIE R e a s
oy - o (R) BB (nglg) HW (nglg)
J5H (pg/mL ) Calibration _
Compounds Calibration ranee equation Correlation Egg extracts of B. Eggs extracts of
& coefficient dorsalis B. correcta
A Anethole 15,30, 50, 100, 150  y=4.367 5x—9.81 0.9985  118.87+29.28 -
T H%E Pentadecane 15, 30, 50, 100, 150 y=8.579 5x—55.81 0.997 4 45.73+5.95 40.234£2.95

+ %28 Dodecanoic acid 15, 30, 50, 100, 150 y=10.499 2x-175.82 0.970 7 91.17+4.91 —
+ W25 Ethyl dodecanoate 15,30, 50, 100, 150 y=8.774 7x—102.09 0999 1  101.44+12.20 -
+PUkERE Tetradecanoic acid 15, 30, 50, 100, 150  y=7.670 4x—124.64 09763  245.69+14.56" 101.69+4.82

IR

Ethyl tetradecanoate
(E)-9-T7<Bic/iTiR £ Tg
Ethyl (E)-9-Hexadecenoate
+74i2 Hexadecanoic acid 15, 30, 50, 100, 150  y=8.702 1x—147.18  0.9755  931.97+132.70"  430.90+45.38

15, 30, 50, 100, 150  y=9.648 1x—95.99 0.998 3 96.62+33.66 67.40+£7.93

15, 30, 50, 100, 150  y=7.853 5x—58.03 0.9983  1815.77£275.74" 485.46+100.77

+ /\BMl2 Octadecenoic acid 15, 30, 50, 100, 150  y=19.425 6x—448.29 0.961 8  208.89+60.88 190.53+£27.97
(2)-9- T /\BTR g

Ethyl (2)-9-Octadecenoate
“FORKRM, *FRREREE (P<0.05) , »*FREFWEE (P<0.01) .

— indicates not detected. * indicates significantly different (P<0.05), ** indicates extremely significantly different (P<0.01).

15, 30, 50, 100, 150  y=7.258 7x—83.80 0.998 9 158.96+24.03 129.92+22.26
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VIR o A0 2 A 1 S T E B A B[R] b B -5
SO A BE T, AR /NS BT 2 T BE A7 7 BIK i
A AR SE R RITA  B ) A A A a2 R
Wi B R4 IR 14 5 R PSR BT IE B T X — 4
0 o A7 /INSIE M B A AR 05 T 20 A R S e B
EWL THAR . T 28R, + ROBE.
(@)-11-+VUBRIGEER 4 TS, TR AR /)N g B
T T+ PUAERR . (E)-9- 7N BR I R £ 1R
TNBERR 3 RSP R E E T R AR
W SK/NIFEE (2018 ) XA /NS M RN 7 A AR SIS
XA EERYITE 12 AN P T F T
T EAG IE, S5 A BT oA S M g e e e xof
Forfr 7 LAY AR o T ARG /)N S e S e
H, A 3 MMEE P BUSPER TR /N2
WA o X EATF 5 I A0 A 2 S T M MR 14
32 RE S5 TG /NS, 3K AT AL I A AR S
1 [R) Fofr 55 S5 ol B9 149 B 7 9 T A /N S g ) D[R]

T A0 AR ST R B 4 EC) Ko A /0N ST R < T M
FTIHEAER , SR /NS 5 ) Xo) 2 A AR 5
WG A2 PO e ELA BKREAE FH o — T e A /N S i
TR A0 18 S MR T AT B 25 1) DX, A /N S g )
() 5 o T 75 A IR S, DA BEAE 2 2 7 S HB K
EHEEIE R B A i S, e R —2F £ b, mE
S Bactrocera tau 5w 4 fE B0 T NS
Bactrocera cucurbitae ( 5k, 2017); H—F
T (1) 5 4 52 M 5 A 12 1 B FRL 0 A1 P B
T AT R 7 TR R PN AR /N S A E 2 L IX
F 3 E, A S H TR IR EAEAR D EL
X 43 A B R R 22— (B SCHITSE, 20105 Wan and
Yang, 2016 ),
/NSO PR U h S e G . T
Be . T ZEERR . T R OTR . (2)-11- DU R |

N\

TPOBERR . T VUER T . (E)-9- T /5B R T
TSBERR . T /\BRIGIR . (Z)-9-T /\BRMs TR £ e
11 A&, i Ji % (2016) L% H 12 Fifk
Y, AT ROHEE . TIURRAER . TISKERR 3
LAY S A 25 R AR R, 3% PP 25 S5 AT g2
P TS0 P A /) S e e e R AS ) e i) o H
T, A7 KT A R S b B9 R A5 Py R A5 1 AR DL 4T
B, AR ARFARLMPOIERE 7 Mk s
Y, HAEAEG NS O R ABAEAE, XV REJE T
T A R S A /N S 0 W) JE B R SE MR
Bactrocera, fEiX 7 Mk &, AL g op
FH 3 ML E RS B E TG/ N SE g, il EE
e 2 RSB IE A 5 B N [ A T R R PR S
FIF 5 & A A ) 385 A 5 | 375 0K s 1
HBaFER, C8f —LLlmpl+. EEE s
B 120 -3-TEh BLOKGEER , JF H B &R ik,
FHF 5 548 Drosophila suzukii FB7 4, X ik
H1 T X B S SR B IR SR T A | T R 2 A T Y
UK 3B 2-I BLkig (Chaetal., 2020), R,
OB 3-F3E-2- T . FH BRI S BT A il s 5 1
WA, AT ARG AR B ALE( Cha et al., 2014 ),
AHIFGEEE R, A /N2 I A R S g B R A
FEXT 2 A HAG 5150 1 SRR T i1k 2
Y, 2 BRI el LR A /e,
VERTMR BERIBC Lhandel , B RTIAATEE . IR, 1%
INSEMRIR AL B LT AL 2 4 P LA,
SRR . 2R . T RRABE. (2)-11-
T VUG TR , X 4 LG YR R R B A A
e AR /0N SIS 107 25 5 B R PR 7 FR AT B S
S5 P AN SE BT X LA S W0 B2 5 R A
MBI ARG R HIAYE 3 mg 51O
PRI, /NI 3 Ak G S o
Wk (0.738+0.044 ), (5.453+0.828 ) Fil ( 2.799+
0.398 ) ng, M7 SCigie i 3 Fib 59
SR (0.305+0.014 ), (1.458+0.303 ) Fil
(1.294+0.136 ) ng, 2 FP sl X A [A] B4 ELM AT
RN 255, WA AT e T 3 Ak S
AR B . P, 5 2SR RE A /N
SEME AN A A SRR 3 Rk A9 g o i K
HARA W5 RN o FEMIERl [, 7 20 E
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PP S 6T T A 355 1 2 0 B TR A5 D A A () T L
AT S, JFBET I RISRIE, A RERH 7S 5 e
MR LB 2H AR G I, O ik — 2 T /NS e
R A R S 88 14 77 B 73175 79 Bl R a5 418 46 B
HER

S &3 #k (References)

Adams RP, 2001. Identification of essential oil components by gas
chromatography/Quadrupole Mass Spectroscopy. Carol Stream:
Allured Publishing Corporation. 10—41.

Ansari MS, Hasan F, Ahmad N, 2012. Threats to fruit and vegetable

crops: Fruit flies (Tephritidae)-ecology, behaviour, and management.

Journal of Crop Science and Biotechnology, 15(3): 169-188.

Battesti M, Moreno C, Joly D, Mery F, 2012. Spread of social
information and dynamics of social transmission within
Drosophila groups. Current Biology, 22(4): 309-313.

Cha DH, Adams T, Werle CT, Adamczyk JJ, Rogg H, Landolt PJ,
2014. A four-component blend of fermented bait volatiles is
attractive to spotted wing drosophila, Drosophila suzukii
(Diptera: Drosophilidae). Pest Management Science, 70(2):
324-331.

Cha DH, Roh GH, Hesler SP, Wallingford A, Stockton DG, Park SK,
Loeb GM, 2020. 2-Pentylfuran: A novel repellent of Drosophila
suzukii. Pest Management Science, 77(4): 1757-1764.

Fletcher RJ, Miller CW, 2008. The type and timing of social
information alters offspring production. Biology Letters, 4(5):
482-485.

Hemptinne JL, Lognay G, Gauthier C, Dixon AFG, 2000. Role of
surface chemical signals in egg cannibalism and intraguild
predation in ladybirds (Coleoptera: Coccinellidae). Chemoecol ogy,
10(3): 123-128.

Ji Q, Bi K, Chen J, 2016. Response of egg-pupal parasitoid Fopius
arisanus (Sonan) to infochemicals from the host eggs surface of
Bactrocera dorsalis (Hendel). Journal of Asia-Pacific Entomology,
19(4): 1151-1157.

Jiang Y, Lei CL, Niu CY, Fang YL, Xiao C, Zhang ZN, 2002.
Semiochemicals from ovaries of gravid females attract
ovipositing female houseflies, Musca domestica. Journal of
Insect Physiology, 48(10): 945-950.

Liu ML, 2004. Chemical identification and effects of oviposition-
deterring pheromones (ODPS) from eggs of the cotton bollworm,
Helicoverpa armigera (Lepidoptera: Noctuidae). Nanjing:
Nanjing Agricultural University. [XI5£2%, 2004. F44 HEN -0
I BT RS AR TG . AR, B B
AR

Li WG, Deng YL, Li ZH, Lin W, Wan FH, Wang ZL, 2010. A
predication of potential geographical distribution of guava fruit
fly, Bactrocera correcta (Bactrocera) in China. Journal of Plant
Protection, 37(6): 529-534. [ 3CHI, XB#5e, ZEaker, #hfh,
TiJ5i, EZWe, 2010. T MR SHRLET I A0 7E PR 4341
PR3, 37(6): 529-534.]

Nakashima Y, Teshiba M, Hirose Y, 2010. Flexible use of patch
marks in an insect predator: Effect of sex, hunger state, and patch
quality. Ecological Entomology, 27(5): 581-587.

NIST Mass Spec Data Center, 2020. NIST Chemistry WebBook,
NIST Standard Reference Database Number 69. http://webbook.
nist.gov.

Oliver TH, Timms JEL, Taylor A, Leather SR, 2006. Oviposition
responses to patch quality in the larch ladybird Aphidecta
obliterata (Coleoptera: Coccinellidae): Effects of aphid density,
and con-and heterospecific tracks. Bulletin of Entomological
Research, 96(1): 25-34.

Pervez A, Gupta AK, 2010. Role of surface chemicals in egg
cannibalism and intraguild predation by neonates of two
aphidophagous ladybirds, Propylea dissecta and Coccinella
transversalis. Journal of Applied Entomology, 128(9/10): 691—
695.

Raitanen J, Forsman JT, Kivela SM, Maenpaa MI, Valimaki P, 2014.
Attraction to conspecific eggs may guide oviposition site
selection in a solitary insect. Behavioral Ecology, 25(1): 110—
116.

Schoonhoven LM, Beerling EAM, Braaksma R, Vugt YV, 1990.
Does the imported cabbageworm, Pieris rapae, use an
oviposition deterring pheromone? Journal of Chemical Ecology,
16(5): 1649-1655.

Sarin S, Dukas R, 2009. Social learning about egg-laying substrates
in fruitflies. Proceedings of the Royal Society B: Biological
Sciences, 276(1677): 4323-4328.

Tang YC, Zhou CL, Chen XM, 2010. Progress in the oviposition
behavioral ecology of herbivorous insects. Forest Research,
23(5): 770-777. [FETH, JAMCEE, PRIGERS, 2010. MR M
FEERAT A AR E T R MOk B2, 23(5): 770-777.]

Wan FH, Yang NW, 2016. Invasion and management of agricultural
alien insects in China. Annual Review of Entomology, 61: 77-98.

Wang XJ, Zhao MZ, 1989. Notes on the genus Dacus fabricius in
China with descriptions of five new species (Diptera:
Tephritidae). Acta Zootaxonomica Sinica, 14(2): 209-219. [{£%
%, TR, 1989, HEISEETRIEICRUMH: SR, 3
Y 2ER, 14(2): 209-219.]

Wei B, Chen BY, Zhang XJ, Wei CM, Jing Y, Li CY, Dong WX,
2020. Electrophysiological and behavioral responses of Myzus



41 B DA /NSRRI AR S BT ) BRI 0T P S AT O B R M A S R T - 893 -

persicae to alarm pheromone and tobacco plant volatiles.
Chinese Journal of Applied Entomology, 57(1): 173-180. [,
FREEIR, TR/NTE, BRSO, L, s, #OCHE, 2020, BhiF
X 1 12 B A S R O E) FL A BRI S SR O P
2£4%, 57(1): 173-180.]

Wei GS, Zhang QW, Zhou MZ, Wu WG, 2000. Studies on the
phototaxis of Helicoverpa armigera. Acta Biochimica et
Biophysica Snica, 16(1): 89-95.

Zhang JL, Tao M, Yan ZH, Fang XJ, Wu H, Liu HP, 2017.
Oviposition selectivity and competitive research on Bactrocera
cucurbitae (Coquillett) and Bactrocera tau (Walker). Journal of
Yunnan Agricultural University (Natural Science), 32(3):
427-431. [T, WH, ERE, Jreese, R, XA,
2017, JINTZHE 5 g W2 O B AR SE 40T,
LMl K22 AR (A SR, 32(3): 427-431.]

Zhang MX, Ling B, Pang XF, 2003. Progress and application of
oviposition deterrents of non-preferable plants on insect. Natural
Enemies of Insects, 25(1): 28-36. [3k &, WK, PElfE &, 2003.
Aerg By i B R DR KR SO, R RTL, 25(1):
28-36.]

Zhang XJ, Zhang XG, Yan NS, Dong WX, 2018.

Electrophysiological responses of Bactrocera dorsalis and
Bactrocera correcta to volatiles from mango fruits. Journal of
Yunnan Agricultural University (Natural Science), 33(6):
1030-1036. [3K/NG, TKFFH, T, I, 2018, [Ha/NE
BRI A R S AT SRR Y R A B . 2 AR R
AR (A REHFR), 33(6): 1030-1036.]

Zhang XJ, Qian C, Yang LS, Liu HC, Li CY, Dong WX, 2020.
Behavioral responses of sexually immature, mature virgin, and
mated, guava fruit flies to host plant odor. Chinese Journal of
Applied Entomology, 57(1): 166-172. [3K/INGF, &k, 175 =,
XIPER, 2z, O, 2020, ASEIABRRZS I 7 40 S0
X2 EAREIAT AR, R R HU2E 4, 57(1): 166-172.]

Zhao J, Wang HT, Zeng XN, Zhao J, 2014. Effects of egg-surface
chemicals on the oviposition behaviors of Bactrocera dorsalis
Hendel. Journal of Environmental Entomology, 36(1): 89-94.
[, Eeat, WEEF, B, 2014, PRGN/
FEERAT BRI, AR H2EHR, 36(1): 89-94. ]

Zheng L, Crippen TL, Holmes L, Singh B, Pimsler ML, Benbow
ME, Tarone AM, Dowd S, Yu Z, Vanlaecrhoven SL, 2013.
Bacteria mediate oviposition by the black soldier fly, Hermetia
illucens (L), (Diptera: Stratiomyidae). Scientific Reports, 3: 2563.



