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# E [BH8] W% E E5RE B ZE (Queen mandibular pheromone, QMP ) Xt Hi14E% 1% Apis cerana
cerana ( fijFRHI ) il 5 T M) % 1% Apis mellifera ligustica ( fiFRE e ) MEMEAT NI AEML, REM
P e 2 TSR TR DA 3R] AR i 2= P Y RS RG I QMP B 322 oy o 5X-9- 4k -2-
B&I&BR[(E)-9-oxodec-2-enoic acid, 9-ODAIXS KAT. JEFRRZAS N e ifibde 15 28 e bl ek B2 A7 0 Y 22 M4 7
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ERRPERNL (P>0.05); “ATHIEHEG . “AT 5@ HERIXT 0.04, 0.2, 1.0 & 7.0 pg/ul ) QMP
HA kY (P <0.05), 17 QMP X €A 7 il b JC G 520 (P> 0.05 )5 8 v e ff e 71 8 06 e
HAFE R T R IR RAT AT B e b %) 7.0 pg/ul QMP FE7E B #a R N (P < 0.05), T 7.0 pg/ul
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Effects of queen mandibular pheromone on the behavioral responses
of Apis cerana cerana and Apis mellifera ligustica drones
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2. Environment and Plant Protection Institute, Chinese Academy of Tropical Agricultural Sciences, Haikou 571101, China)

Abstract [Objectives] To analyze the behavioral effect of queen mandibular pheromone (QMP) on Apis cerana cerana and Apis
mellifera ligustica drones, and to investigate the drone mating interference mechanism of these two species. [Methods] The
behavioral responses of mature flying or crawling A. mellifera and A. cerana drones to QMP and (E)-9-oxodec-2-enoic acid (9-ODA,
the predominant compound of QMP), were measured using an indoor olfactometer. [Results] Exposure to three different doses of
9-ODA (3.5, 7.0 and 14.0 pg-uL ") had no significant effect on the behavior of either A. mellifera and A. cerana drones, but QMP at
concentrations of 0.04, 0.2, 1.0 and 7.0 pug-pL "' had a significant effect on flying A. cerana drones, and on crawling and flying A.
mellifera drones, but no significant effect on crawling A. cerana drones. When drones of both species were placed together in the
indoor olfactometer 7.0 pg-uL" QMP had a significant effect on both flying and crawling A. mellifera drones, but no significant effect
on flying or crawling in A. cerana drones. [Conclusion] This study suggests that QMP has a repellent effect on A. cerana and A.
mellifera drones in the indoor environment.
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I MO A o R R, FEIERE N SN AT
M B EEARTEAR BRI S 0 5E
( Winston, 1987 ), ¥ F F%5ilf{5E X (Queen
mandibular pheromone, QMP ) Z&HF L], X
Wi 2 HAP 9 W R A 15 (5 B R ( Butler
etal., 1959, 1962; Carlisle and Butler, 1956;
Gary, 1962 ; Grozinger et al., 2003 ; Keeling et al.,
2003; Wanner et al., 2007; =/MEEE, 2012,
2015 ) . QMP i Jz X -9- | AL -2- % M R
[(E)-9-oxodec-2- enoic acid, 9-ODA], Xt 57 F4 {4

9-FF L2 -2 R [(R,S)-9-hydroxydec-2-enoic acid,

(R,9)-9-HDA], X} ¥R H iR H 5 ( Methylp-
hydroxybenzoate, HOB ) Fl 4-}&K-3-H A K
% ( 4-hydroxy-3-methoxyphe-nylethanol , HVA )
&5 R E B RETE 7 W 5T 4 ( Slessor
etal., 1988). QMP ff bt {5 B R BB WG] T
g Pl 8 A W ] B S T2 Pl R o o T e B B
%%E ( Winston et al., 1989; Hoover et al., 2003 );
T AME RS B R ES Rt B e o] e e 5 e
A0 (Gary, 1962; Butler, 1971; Gary and
Marston, 1971; Koeniger etal., 1996 ), H—h¥;
53 9-ODA & LU 5 | #3874 Loper et al., 1993
Brockmann et al., 2006 ), % 3 b MR5E A 22
WERE NN IREE TR B R M B, AR
X O T AR B = A= N 2B, e S e ek
REATR . A EH RIBRGE RS, TECRE K
FrrpadVEHGR AN 2 e | 1B B 3 1 T 1 2SR AL
( Sandoz, 2007 ), H:rfidssg H filff b Ay o
BV IRERZH 18 000 4>, S5 TIEM b2
2 7 £, XM XTI AR BR B EHIRE ) R
AR 2 Z — ( Wanner et al., 2007 ), HE#EXT QMP
19 fikfA HL (52 ( Electroantennography, EAG ) JZ b
T TR B, IfE YT QMP 5 9-ODA i HL ]
KA R T QMP HoAth 54~ 543 ( Vetter and
Visscher, 1997; Brockmann etal., 1998 ).

I ) 5 1 e Fp R AR G rh AR B % (Apis
cerana cerana, fijFKHIEE ) 5 APRAYPY U5
Apis mellifera. [ N5 [ #E P4 7 % 15 100 Z24E LK,
VY 7 B A ] DA 52 P A o0 A 1) o e 52 3
JEEEE , WERE A XA 75% UL L, Lo

YRRy BRI D PR 2R RN R,
2003; #EE, 2005 ), HdgEsERERRAR I 5T
W e g A v M A A e T RS D RAT AR O (2
=, 1991; FJa k5%, 2003 ), &K, Pi &
Wb A W T 43U QMP A ARIE , BB 5 9-ODA |
9-HDA #1 HOB, VA 9-ODA & E, H¥WAS
HVA {57 (Plettner et al., 1997 ); N2 iX Fi
Tofr Kb 2 W B0 T ) R A e S 9 I ) R A — 3
( F/B &4, 2003; Remnant et al., 2014 ),
B EAAL L e TR RS R AT ORI A R B R A
S | AT e e 5 2, i L[] s i 5 | AR X3
s AR e | SR PR B A B TP E H AC
Be, BTAFERPaIRE S, RO Ath Al i e 5 AR b Ak
e FAAT CAEAT R (TR ), tItikks
B, AP BT REME L A3 1E 5 1 AT
(ERR k%, 2003 ), [FIEF, 7505 % W i i IR Rg
TPy e e TS RAT, AR IR LR
by DX ] L 2 b 1 DY T e 0 T AR e rp
For i 4 A ARy W kS ( Remnant et al.,

2014 ), SR, HATX g KM% (Apis
mellifera ligustica, PR ) MEMESHD KT+
PEHLEM AN TE T . 2Tk, ARSCLIdig | ki
AT R VI, FIFHZEN Y BIRRSEACRIN 7
BT P S0 1) e e e R e e X Ak A e
QMP (9-ODA. 9-HDA #il HOB ) K F % i/
9-ODA 17N #aH, FHRMFIERE 14T R
NHHARRE . FRERMNANERRS 2R,

1 RS

1.1 #iXER

FEFRAT AR 4 BE R 4 B rh
e, TRFRAETLPER MY R 3 e 50 (26
28.46°N, £ . 115.49°E ), iRERMIE]: 2018 4F
4-6 HF12019 4 4-6 A .,

1.2 FERAFIFNEE

17 M2 e B . Y BUIRGEAY (RS K
30 cm, WK 35 cm, WAL 5 cm, PIEFEf 75°,
ARUFE P ERIURE SO ). 28H 281K I 2L
RV . TGP IER (R B RIS ),
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LZB-4 RIBGESEL i B CHTTTAY s Tl E shik
IR ), QC-1S BIBS R AURFERR (3R,
L FHE T ), WA ( Eppendorf /A7) ), KBF240
TE AR5 5548 (Binder A H ), AUWI120D K
S (SHIMADAZU Byt 3 ),

WA Tk CmE (PaBEfe T, A trad),
9-ODA ., 9-HDA Fl HOB( %K Contech A ] ).

1.3 HENIEESWE

BE R A M A 0 - K 4 B | R
T M BB A T e L R IERE N, M E O
24 h JER BUMFRARSEIEAL, TRMERE S BET 24 h
BT EREREE A (R (35+1) °C, BE
50 % 5%, AREIRED) 2R G, 4 F
ANFEBE KIS 25 R0 4 BERE, AR
10 300 HUfEge, Ik AR R A

WO 35 S M LA A < A A e LR )
PE, A7 5 i [ S FE RS T 13:00-
16:00 HEde QAT SRR, B0 i P Al
W 14-16 d HERE, (1 50 mL 25048 7R I A6 1L
NS B 71 AR S Tt AN O Bl R
W (FRTFR: TRATHESE ), LASCTEWERE PN RE I P
ChricEif . SAICTT R % (fRiFR . e
Frifess ),

14 {THFERE

TRIHTERS « R SRR g P P e i T
A ZE R FREE 5 min 2247, MR = A A L0
B, A7 R2EREE] . 13:00-16:00, A=A
WA (25+1) °C, MXHEE 75 % +5 %, 7R
ROPERWEC L : 00T — R PRR I S Ak
QMP (9-ODA, 9-HDA &% HOB) Fl 9-ODA ‘&
T 5 mL #rags T, IHEHIOK QBT T e
Ak, BIRGEERFEIE 1.

15 5L 2T p R ol A I 1 A e R A — g
T Pl AT A 0 XL CARE SR 7R HE AR
AT, RS RS 2 RS TR R i U8
FZEIRACING , 2R EA 300 mL/min, I
R, ol AR E 10 uL QMP 5§
9-ODA 5 B & SEEH R 7E T8 4E 1 (5 em %

2 cm), TN ICK OEEAEIEAR FoAXTIE, 4y
FICAZE AR, IFbRic {5 B R AL
2R, K S EE RN WK 1. A
e T LSRG B RIS % Plettner 5%
(1997) Wi, Hikg H Rl 5
70.4 pg 9-ODA, 12.6 pg 9-HDA, 0.3 pg HOB,
B 1 Ab2r ¥ 245 ( Virgin queen equivalents,
Qeqvirgin )o

BRI 1 e R e e e, RO
A — HHEE B DA Y BV I o, WL
ZLH S min B —BERE, 5 min Z NNEFELC
SRS o I s R A B 28 Wk B 4 ol
48 H, 4y 6 i, fpH 8 Hifkng, Hig HiE
B LU 1 IR, Geit a5 Al e i e BRI N R, TR
AP 1 A e e R 1 T R e I B ) R A
B b RO Y A I e, Al X e
IR EE 5 min, 1C%4F H BV —EH,
5min ZNAEBEIC AN, 17 A58 530
Mg | SweEie s 48 H, 4 6 21N,
4 8 Hkwg, H A Hifeg B 1k, &Egit
KL | R IR RN R

RAT 1 ORI 1| RIEKSFEER,
2 ORI 1R Y B PR ], LATH
I JUART A7 % S e A A [ A7 o R 52 0, 05
—21 (8 H)JF1EUE Y B4, Sefli 2 mAKEvE,
SRIG T5%IRE AR, PR I ZE IRk o, B ]
HL IR KUK T J5 17  — 2R

1.5 BRSO

] SPSS 17.0 8K AFHh t-A g0 X Ml e 647
NN IR B G A TS50, P <0.05 R
[E=E T E 38

2 HR5TH

2.1 g, FIEEEX 9-ODA EE RN

RIS IR, i T s PR T i b
s (1 1) Al (& 2) % 3.5, 7.0
M 14.0 pg/ul By 9-ODA VA & 25 #a 1) M v
(P>0.05),
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x1 RESESEEEMDE
Table 1 Table of groups and pheromone composition
e R A 2 5
el fFER eIt - ( Plettner et al., 1997)
. i Concentration . .
Grouping Pheromone Testing type Virgin queen equivalents
(ng/uL)
(Qquirgin)
1 9-ODA  ifu sk ok ife i 140 2
2 Individual testing A. cerana drone 7.0 1
3 3.5 0.5
4 B 3 e e e 14.0 2
5 Individual testing A. mellifera drone 7.0 1
6 3.5 0.5
7 QMP B 1 e e e 7.0 1
8 Individual testing A. cerana drone 1.0 ~0.1
9 0.2 ~0.02
10 0.04 ~0.004
1 B 1 e e 7.0 1
12 Individual testing A. mellifera drone 1.0 ~0.1
13 0.2 ~0.02
14 0.04 ~0.004
15 QMP [ P e, e e
Concurrent testing A. cerana drone and A. 7.0 1
mellifera drone
1007 A m 9-ODAIXE4 9-ODA 31001 B B 9-ODAXK4A 9-ODA
S O Z X R4 Blank 2. 03 25 % 4 Blank
‘&d‘§0'75_ ‘1§ﬁ'§0'75_
2 e
X 5 0.50 1 X5 0.50 1
% 53
2 0.25 B 025
o 2
< 0 = T T T S 0 - T T T
Z 35 7.0 14.0 ~ 35 7.0 14.0
9-ODA¥RE (pg/pL) 9-ODAYKEE (pg/uL)
Concetration of 9-ODA Concetration of 9-ODA
B1 %7 (A) 5T (B) gt REIRE 9-ODA M1THR K
Fig. 1 Behavioral responses of flying (A) and crawling (B) Apis cerana drone to 9-ODA at different concentrations

B I 9-ODAIRIE 41 9-ODA

75 AXT B 4H Blank

35 7.0

9-ODAWE (pg/uL)
Concetration of 9-ODA

14.0

B2 k7 (A) 5T (B) BMEMHEN REIKRE 9-ODA MITHR K
Fig. 2 Behavioral responses of flying (A) and crawling (B) Apis mellifera drone to 9-ODA at different concentrations
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22 g, BEEEN QMP EER N

RIS KK AT P 4% 0.04.0.2
1.0 1 7.0 pg/uL 1) QMP ELA 535 #5852 i P <
0.05) ( 3: A), MWEEN 0.04, 02, 1.0 Fl
7.0 ng/uL Y QMP X €A T Hp e e e G i 3 52
(P>0.05) (Kl 3: B), HIE 4458 0]H0, AT
5@ty 4%t 0.04, 0.2, 1.0 F1 7.0 pg/ul

g 1.007A = QMPIXK4l QMP
g 0 %5 FXF 2 Blank
‘%‘]’§ 0.75 { * * * *
22
%gom
2
5 0.25
.2
& ol . : :
0.04 0.20 1.00 7.00
QMPYRE (pg/uL)
Concetration of QMP

) QMP £77E i % #kk [ (P < 0.05).

2.3 g, EEEEHREI QVP RN KM
HIP 5 S5 5R T farpide | S dtry

B, RAT. AT R IERE X 7.0 pg/ul QMP

frfe i E R N (P < 0.05); 1 7.0 pg/ul
QMP X ®AT . JCAT Hbv e I e 32 B A5 I 3 5 i)

(P>0.05),
$1.00, g = QMPIXK4 QMP
g 0O 25 (A% H# 41 Blank
o
5 § 0.75 1
= 2
XE 0.50
W2
HZ 025
= 0.
9
g 0
0.04 0.20 1.00 7.00
QMPHE (pg/uL )
Concetration of QMP

El3 k1T (A) 51T (B) g AEIRE QMP HiT AR

Behavioral responses of flying (A) and crawling (B) Apis cerana drone to QMP at different concentrations

% = QMPiXE4H QMP
2 1.007 B 043 X 4 Blank
a - - L _*
¥ 8 0751
X8 0.50
53
*E“a 0.25 1
2
g2 olE , . ,
004 020 1.00  7.00
QMPHE (pg/uL)
Concetration of QMP

1T (A) 51T (B) BN AEIRE QMP BT AR N

Fig. 4 Behavioral responses of flying (A) and crawling (B) Apis mellifera drone to QMP at different concentrations

Fig. 3
= QMPIREZH QMP
8 1.009 A O 25 (%4 Blank
= * * *
&075] <+ 1 L *
= o
?g% 0.50
¥ 8
#5025 j ' i
o
.2
0.04 0.20 1.00 7.00
QMP¥RE (pg/uL)
Concetration of QMP
4
5 1007A B QMP iRK4H QMP
g % H X HR4H Blank
£.0.75 - .
M8
=2 T
5 0.50 -
[}
53
B 0.25 1
)
2
r e ff g T e e e

A. cerana drone A. mellifera drone
B3 EFf Detection of honeybees species

& 5

, 1007 B B QMP iR%41 QMP
2 [ 28 % R4 Blank
] *
" 50.75 . -
= 2
X 5 0.50 - L
¥ 3
S 0.25 -
)
g
= o . .
rh e poteidd

A. cerana drone  A. mellifera drone
Wi EFf Detection of honeybees species

X417 (A) 51T (B) RATHE, EiEfEIEERT 7.0 pg/nL QMP BYIEE K M

Fig.5 Behavioral responses of 7.0 pg/uL. QMP on flying (A) and crawling (B) drones between Apis mellifera and Apiscerana
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3 g

SEIETENS R AR D, MU Lt F 5 i
RS R Ml B EE X ( Drone congregation area,
DCA) Mz i a2 i €47 (Gary, 1962;
Butler, 1971; Gary and Marston, 1971; Koeniger
etal., 1996; SKINE4E, 2015; Wk, 2017;
LA, 2019 ), e A 2 [] (1 28 e 36 4 U
RPN, A TR 2B E R H( Brockmann
et al., 2006 ), FElERE HIFIART . Pl
A T e ) 52 B RAT AL A 0 E AR R R AN, 2
5 EAH B35 5 FACHE, PEOR R Z ] 7Y
LR,

AT R A E NI, A TIRERY
W RN 9-ODA WA B E A M AT
Mo 2 AT R X 9-ODA f i 45
5 AN 9-ODA W5 |8 5 1) 25 A — 3,
TE P MR F s Cigikse d, (UEH 9-ODA
BLREAS W 5| 1% 5B 7% ( Brockmann et al., 2006 ),
X ] RE R 2 PN B I N A P B T 0 o) e
BEXS 9-ODA YN, X 58 REEIEREN A
IRZ R A PR — 3. ABFFEIE KL 0.004 .
0.002, 0.1 5 1 BE Yy QMP XIxJ AT
ol W I e % A e e EL A W 3 IRV L T
0.1 3 F 28 QMP &2 LA G| Ah K i e
jBi% ( Brockmann et al., 2006 ), A<k 5 pP4p
QMP W75 | MEdEIE B 45 SRAR I . 3% ] RE 5 g
JIT R SRR DN | SR Y el AR S O AR BT O AR
AF I, BN (> 14 d) HEHEREE
Rl SRRV RE [, RV RERE A PR L
o, OMEEEW N RE S5 A Lot R ARSI BCAT N
(Ohtani and Fukuda, 1977). %4h, A4t
5 fe A 2 T ) A T S e O ) e
REX DCA, ¥inxgRrilai/Me, N
1M 5 F T W) Fh g AL AT ( Woyke, 1963 ;
Pechhacker, 1994; Jensen et al., 2005). [FHY,
Wb 2 B T RE AR A O AR 5 H BB I i 2R FIDIRAS A
Ko W AL Lot FAT IR IR, T8 B I A
RENUH] 5 58 A , TR SRR A 1) Ak 2 e 2 A
GHE I, Mg LS Z AR ( Gary and
Marston, 1971 ).

ATIFFEIR 5 B QMP X €7 T Ho e e e 5 47t
R o X AT BESE R A I X QMP Y R
TS A58 T W T e R R A R | Ak e
¥ F QMP MU —3L, H 3 o & s A AN
( Plettner et al., 1997; Z=/NFESE, 2015 ), A5
Db A 1A T rh e i e 7] GRJERSZ 31 QMP TR A9 AR
b, DTS M A7 2h S

AWEFAEMN b | B Ry, 2 Fh
1T IR P T I 4 X6 QMIP 114 J 1 347 2 Bk K
i, T QMP X R bR 785 114 r e Afe e 15 05 A FH I
FISZ IR Fh e e e v e X R e ik e (5 B R TR A
NS, T T g g T QMP YR A I 4
Tf e %) SR WA ) ASASUAE 2 A AT DA B
oM, (RIS RE A S AR N WS | ERE ( Villar
etal., 2018), I, WL LRI P, =
B T e SRR O WA 1) B3 B R R IESE LA |
UNes

AHFFEIE L X g | R T R AR 2 R
W5, & Tk — At R R —— g
IR, 2 T 17 A [ e A b 0 4 A 7o 1Y
MR Z, IR T X e e 5 4 5 0 1 AC LA A
P, SRR G M 2 P2 ST N AR I T B
Feait
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