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Research progress of the interaction between Apis mellifera and Varroa destructor mediated
by pheromones. ZHANG Hao-hao'*, LIU Zhen-guo’, GONG You-hui'*, DIAO Qing-yun'?>"
('Institute of Apicultural research, Chinese Academy of Agricultural Sciences, Beijing 100093, Chi-
na; *Key Laboratory of Pollinating Insect Biology, Ministry of Agriculture, Beijing 100093, China;
*College of Animal Science and Technology, Shandong Agricultural University, Tai’ an 271018,
Shandong , China).

Abstract:; Varroa destructor is a virulent ectoparasitic mite of western honeybee ( Apis mellifera) ,
and considered the greatest threat to apiculture around the world. Chemical method is widely used
for the management of this mite. However, this method can easily induce the resistance of V. de-
structor to acaricides, toxicity of acaricides to honeybee and the residues in bee products. Therefore,
many safe preventions and control techniques were developed to treat mite in recent years. Using
pheromones of honeybee to control V. destructor would be a main tendency. A lot of studies indicated
that Varroa mites are able to use honeybee pheromones to distinguish the development stages of the
hosts, and show high selectivity for appropriate hosts at a special stage. In recent years, a lot of
honey bee pheromones were reported to have effect on V. destructor, including pheromones from
adult honeybee, pupa and brood. Some of them have repellent effect on V. destructor, while others
have attractant effect on V. destructor. This article reviewed the progresses in pheromones categories,
which would suggest important

major chemical compositions, and their effects to V. destructor,

avenues for further researches and applications in mite control.

Key words: Apis mellifera; Varroa destructor; pheromones; biological control.

Pk BLWE ( Varroa destructor ) 8 R R W gt | J&—
PN A B 2 DY 7 B (Apis mellifera)) 9 32 2005
HEN A 20 L YTIZETED AT AR R e

ZRSCH P E AL R e R B3 TR H ( CAAS-ASTIP-2015-1AR)
W Bl This work was supported by the Agricultural Science and Technology
Innovation Program of the Chinese Academy of Agricultural Sciences
(CAAS-ASTIP-2015-1AR).

2016-10-24 Received, 2017-03-11 Accepted.

# WIRYEH Corresponding author. E-mail; dqyunl@ 126.com

bl R B T A e AR M DX KR & AR
FUHTPE 22 404 B 1 7E MR IR AR PR 73 3t X R
R IAN, JLT-3h A i 45 2 H 2006 AR LK,
DACHH 1AL 5 1 8 e 0 1 93 15 BE 42 ( colony collapse
disorder, CCD) 52 T MV Bh27 58 1 5 B AL AR
ALERL 5N CCD J2& i 25 3 A L R 25 M
FEELZFHEZE SR Al WA, kTR
i R XU R 2R K 3T B W6 5 2 H0nT 6 e B0



2056 VA

ORI S

M

28 %

MR R A O TR R LR R 5 R a5 1
HAF AT G FERER BRI Z A8 2k B
REAEREAN GG R B BRG 4 K 22 50tk 2k o L
SRR ol e AU S N 23 ISR I 4l L SRR W)
SEIE Bl AR W T A T 2 B S R e
K B Ry S 2 )RR B " A
T IR el 1 f KU

EET, AT SR LA 259 B 16 2K 35 P65
BEA A2 245 3 A AR, 7 A B 24 M ) i 0 728 WA
BRI NI A9 S B e Ak 2 24 590 1 filE FH ) o LA
RS IR S RN - PO < el R ]
AN S SOE: L %N = E S

{5 B ZE (pheromones ) X #{FRNIMNEZR, & H 3
YA MARRAA ST W SRS Sl ok B ol s A
&, SR RIS R 45 B A2, 5 R BRI X
GRFEAT AR BN 1Y — KRB Y R E B R
TFR 515 AR HAE X ke tEsm A
VIR SNSRI EIS: W REE SO NS A I N1 b o
F APPSR AL, RERE T 2 AT TR A S PR Y 1
1, SUREWE R AR R R S B R

F 1960 425 — ok 3 I £ Y % 5 B R 1
SELAK, AT 100 2 4 i 15 18 3 w4l > AR 4
TR SR W B R Bl e AR BRI
SR T (5 B R RS A F 1 & 7 B B, e 5 B
Rl g ifE R R E R R EE R T
Tl R AR R B 2 A o TR AT 55
AL RERM TS e R 2 15 T
DR Z BN R 2 19 . RE#E AR T T 2K J0r BL 6 1)
THE(E B RA TEY M AE LR TGS RAMT
e e 5 B 2R BRI 2 A e 4y i A B R BB E
TR L.

TR R TAEE X U B R i
BEP e ER R BEGFRRD TR
A B R T T — RIVZER. SR, 52k 7 B0 ik
Bl SR 2 e (5 B R M5 R ARk, 6T LU
5 BRI W& 520 B ) BAEDLRIA TR
RIAER T X A5G B RN F 2
a3 RERKIYT EC A VR T LA SR 6 i 45 B R B A 2k
Hr TLIE R TEBUIR , IE X0 AR Hh I B A R RE 4
J5 Y BIETE RN FH P I 2%

1 THREEES

K3 LA RE A FH T 8 e 5 SR T AN TR
KB BB T R H O R F AR X EERR

AR I ER AL B AN TR] , T 23 g AR A B R B EHE
BE EREEEMEREREAMASYFELER.
L1 PHRERR

N EYSE ST LA - R ol R e U LN
MR WA PG 8 0 1) X 2R B &R E B AR
fii ( geraniol ) FEAEMA (nerolic acid) \FF MR ( geranic
acid) (/) AP 1ERE [ (E)/( Z) -citral ] | 15 1£ i
(nerol) Fl( J2 , ) -3 e[ (E, E)-famesol ] 7 Fiif
U5 X W) oA 2 0 1) SO By v R T | 5 R E [ Y
PERY g | 5 TR KR DA HEE ) | 306 e
T RAEDS

2 NI R I BT P60 T s e WIS T
I I E R A AN F RGPS H R L)
TR 7 0 LY SR AR B T RE IR 5 | K 0T B s 5ok 3 h
PN R AI1 B AH L, 2K 30T B il B 5 0 7 0 5 P4k 18~ 20
h 5 114 06 AR R 75 6 X 2K B0 B 6 11 IR 5 | T AR
UEAN 76 B SRRt 2 B0, Ol 5 e LU 1 s e R
A e T 7 0K T BU 6 1 7 R A 2k 0T B
Z T L REA B b R 0 2 3 B & E I SN IRE R
BRI BRRELE T AT G SR 4 M 1Y e i B0 Ak 4
B 2 TP YT U0 I 7 0 %) o o AN AR R T
A HI B R0 53 R 0 ER A B 2R rh A A i BN 4L
P, T X P 40 i 14 i) 73S e A A8 et RS A e A
A X FPRER
L2 EEHEER

BEEE R Rt B BT IR 3 WA W B, S
FRAIREF R R AN, TE H IR UK -
(K 3 FUSE AR /DS 25 3 | TAE WS eI 425 110
K3 PUAHG B B I AR AT AR 0 T 2 [ e 4
XL G AR e 3| v (0 2 A R R I R AP AE
TR LG ) 4 B AT SRy ik S AR A RT BE B
BT AT I A . TR I, Kraus ™) 58 T 4T
5 S 2K 0T BL A A . 35 R SR Y B Bt B g IX.
SR A e B T R i, T AE 30 s PO AT
Z T TR B3R & A 0 A7 Sk Y
W BEME R ESA 9 F s 1IF ¢ FE ( 1-octa-
nol) . 2-Z 2 T-Fis ( 2-nonyl acetate ) | 2-7T- [ ( 2-non-
anol ) \2-F1 & T ( 2-methyl butanol) | Z R T Hig ( bu-
tyl acetate ) | 2-B# i ( 2-heptanol ) | Z g C B ( hexyl
acetate ) | LR JXHR (isopentyl acetate ) F1 2-CL 5 ( 2-
hexanol ) A& 14355 W4 M5 il 5, G 9 2k S0 B 196 3 3ok
WS IR~ 42 X 2% J 20 B9 BB, 45 2R BR T TR 5
T, HAb R o3 #8 A Ea AR L TS o B R B, &
PR LG | £ TR S ISG TR AN 2- 2 T ) A0 A X6 2k S0 FL 6 G



6 3] SRAFUFAE (R RN ST )7 8 5 KT FO AR St 2057

WhE S | A . IE e R B E B R ey R
TS, KK S FL A6 114 S A5 R, e 2. R AR g AR
HEIEE PRI TP (H Kraus P I, 845 B
FE H [R] X 2K 5 LA 0 BRSO S o I 3 R =
P FOR AR S B R T A AR Py, T T (] 4
S IR A 20 YL X S T, (AR X Y B AR
2SR SR K AT R PO B ROR T 2
1.3 EXR[FER

FIIE 6~ 12 H i T T3 AR AN SRR 73 W
(), R ] MR TR 3 i DA PN 4 HL 2R 21
SRR R Tt L R W e R ( MURRERR ) .
Harizanis'*" KB, Bk B LI AR AR = , B A 7
A2 T EH AR Tt A D B A g B A 2K
W LA YL, Calderone 251 HF 55 W, T 3K L)
HEAT e | 2 2k 0 FO i 30 AR F 5 1) 2R
K Z — . Drijfhout 25" 5 F 3 i %5 20 Fh /s A1l
JNA DA BRI IR , #e BE 3 rp E ks e g 15 A
A WETIR GG TR PO B Fo i B R AT
BRREPE. Nazzi 55 76 0P S Y 25 FhO BRI
LA T HRG IR TR , F IR e B h & i 2 sy,
ST 1 RN A A A ) ) S g 22 S ) A
5334 100 ng FRRANAE 5 H 4 dUil T4 iy
P , REAGT 2K 307 BL i A9 1R G4 36 10 35 IR 30% . [ A, 78
R PRSI I 9 T 1R 0 AT Bl 0 0 4, 2 T A
JUER 7 P 2 5 X6 26K 6t A 0K s A D B¢ bk =2 ] 2
AELEVMRIVE R 5 Zilt— L A 5%
1.4 REFEER

FWEREGEERE-LRAMEY, XY
A B AR K 5378 S HRAE PR 55 ik 38 RN B 1k )
T AR B AR L. 3R K ik S A W R 2 40 i S
J A B W L) e SR [ S50 1 T BT R
ERWE RN B 5 A A A Y 3R e S AL G, B &
RS S A W), MG A R 2 K B
FALG Y. R A e A R RIS, R AR
TG AT RS K EEE I A & 25840 i
TR BH 8 53 A A S AN RN W 3 S 3 i i S L &
Y. R A e S SO AL PR 5 e, T B AR AT T
B DR R IR | IRk 1T FU RN L IE W T R e b T
20 248 .5 BRI 35 14 9 5 A = -8-- Al
[ (Z)-8-heptadecene | , F T Ab BN 7 14 | JRR YL 2k Hr
FUMERC IR B /D T AT X UL R A R
22 SR G A5 I V) B A 4 S . I A, Bk 30 B i
P Al B S, 2Bk Bl W R I e ) R e Bk A A
Y AR5 HET AT FUISEAR LE , 15 25 A 2K i B i 32 3

Wk T RIS I (Cops-Coy B A5 BUR K ) TR RS R
PRI 2 5 B S0 30k S 44 J o) 0k 307 B 396 0 4 D, e G
FE B 16 2K T EC v 94 A B Tk — 2 T i
e FFIVAK 0T B I 114 A

2 YA FHEEER

K 30 TG 5 1 £ 3 s AT B 43 S A B B
PRI B B AN B 55 57 N BB B B e AR - )
JRH7E S W BT 10 ~ 20 h A T84 HUp 3 5 A
40 ~50 hith AHE 8 &) BB, X I 6 &)y 1l i1 R G BIL
ST T WL AU 8~ 10 5 FELh H i dt 36 5, 2k 307 KO
U5 TFAG 7 B0, AR O S ST P, — B Rl mT 7 T
B P N B 1~ 5 KL, MERE B3 B 1~ 7 KL — AR
A3~ 747G JE I, BT 30 A OE Ak 0 EC g AE —
AIERE N A A BE AT s BT HUOE RO B S
{18 1 ORIV S 2K S FO NG 1 ST AR A1 1 BRAR Y 0 A 3R
B, {37 K S0 Ut ) 5 B R R R A RN il —
i 2 AF RS AT T

K YT FC 396 Ry 0T BERG M 48 &)y o B 3 o 1 I
[, 76 55 FAR A A I 8] N E A S 55 ORI fE X
SV e e ey R T 4y o St HL S B O [ A B
5 55 P PN 8 4y HORTTRG X6 2K S FL i 1) BE5EAT AT AR
SO 73X A ) R g o) e ) ORI 7 B R B ISR
AT T —E MR BRI TR A — BUR
B E R AT B R PR SR At T L.

2.1 il WEE R R

HRAE & HORN R Y % B BB, gh BUfE B ZR AT oy

e i f5 B R MRS EER.
2. L 1R REER AR 2 fUE B R
B KRR OC T e Y R 2l iU 5 B R 5 I
WP 5 FR R IR IE 28 5 221U DA A — 2 41 1 £k
PR HE 408 | AR T4l He g A K e X B- %
Jfi[ (E)-B-ocimene | , iXFh{5 B R 52 A4 B {5 E
R, A 5 5 v, 2 4 UK LIRS
AR 0 T DR 7R T B U ] L
HRE I T r A7 Ry i i T8 A
W E BRAEAT N AR Carroll 55 R H, (E)-
B-ocimene 7 2~3 H iy T W4 Uik & & i, AR B
i o 38 1) SR AR AR T Jo R, 6Kk S B G A A 55 5 1 I
5] A T M4y UL TE T 15 ~20 h FE 9 & B 55
40~50 h 5 Z 4 H e AR T 34l BUAN 5 % i
10 e e )y LT A5 3] 1 S0 RE S, AT 6 28 2K S5 FU
I 112 . Eguaras %54 WF 58 &% B, J7 75 3 ( Tagetes
minuta ) K X AKX 3T FOMEAG 458 1 O BB SR | o 28 e 1t



2058 VA

M

ORI S

28 %

A EEE, RIVRE X 2T BL A A 21 BOE R =% , dok
X B i FCRT ULA  ZORE T Y A A B-%
B, RN 62.8%. 18 —Fh A BTAREE, LA (E) -
B-ocimene NEBRrZ— Y Eupatorium buni-
ifolium , Sob Ak ST BU St 2 P H TSR FH 7 K S B
I RE (0K S FC 96 ) S 9 AR R AT AT ok 8 ) i 44 26
165 W REREATCAK S B G 1) B4 58, DT R AR L 2y A=
SRUSTORE I v A T P B0 %o H A R BRI
3 T AR E AT R R, 5 H MR AL,
B RE I AR 2 o PRV R e A
JE VUSRI I A HE AR SR BT AL B ), RN 2k
S0 TTIHGAT B0 T B b s i AT 7 e R AE TR | B
P ARSI | T LAy A I R I AT 4
I, A7 AT REAR % T 2)) tREE () 4B-ocimene BRI i
FUA SR T H HI ¥ T0AH O B B9 R A IE B 3X — A AR
U T e 4 Tk Xop 2K iy Bl SO B RE IR A R T
20 B I A A LEAE IR A T LA B A
BRI REIE DY AR (E) -B-ocimene F&-
A A TR T8 4 H A 2 R A M 0GR, 81 Ak 4 D
WIAT | A 0 — T EEAR R A [
2.1.2 Rl WfE B R HETSEE R gk
LA R 22K R 5 B3R, e T 4 Fhik
SR NRITTRIRZE R IR ZE N W I S ik
AfEwk.
2.1.2. 1 IGIHFRTE S Le Conte 551" F 1989 45 MR
AN IR, K 3T R 6 e DORE e =85 7 ) e e 4 ke R G
CBe S IBOR T W 51 I e &)y He £ JBOHR 28 7 5 46 7
10 FABBTTRER , 3 90) 2 F BE A AR R I | FH BRI R s |
PR BL RS G TR | P BE Y I R R | P I R TR G | £ ik
PR TR | LB R E | £ BEAE AR RR TR | £ i R
Pt | LD JRR TR 1. G v FY At TR TG | PP ik ST JRR W
P R £ AR TR T o) 2K S0 U A W 5 |y, DA WY A
TR fic A AL 25 TE 53 3 S TR 24 2 45 e 4 L {5
F A R AR 5 T B T A4
B PSIAT R BT AR AT N SR U
SR,

Le Conte %5 TA 7 RIKs 35 55 AT BN Y
24y R WA I R TR , 5 508K S0 L 39 %) &l 1 s 7
AR 5 [R) I e 4y e A 35 A g 1 T8 4 LR g TR
P, 15 | XS 2K 307 BL i o e e 4y oo (44 s 4 ABL 2 I 1 2
TF 58 B A R UE 552 3 240y o XoF 0k $0 B0 5 1) 5 154 .
A R i A IR D R vk BE 5 ARRAS T 25 i 4
BT AR B AR 22 K, 15 A TR TR DY
{H Pernal 577 B4 [ SRV T IOIF L, oA BETIE S

DR FE K FUE AT 5 175 1. 3 40, A K R
RIS | £ AR P 155 A0 HF 32 S JRR 5 156 43 ) s e 21
Wi AT A T e I 40 HURH EE oK 3T B i
(S| TG B 2 5, 55— i V06T 2k 30 B0 5 1
W5 | S AT e e )y H 5 5 b e &)y sORH LG,
AR B St Ak Hr U A W 5 | o G 2 v 2 5 AR ME R 22
B fe FE PR SRR R S AN £ SR AR R IR R B BEAS A
R 5 | 2K 3 FUAHE T B 4 P i R S Bl R 3R
BT th A REA R0 5 | 2K BT BL g6 >

2. 1. 2.2 IR B2 Rickli 250 RAEZ I T e gl dufs
BEPRIEIEESS (A R T AR, FLIESSiX
Wy X Ak 3 B W2 51 7 Milani Y A AR R AN
JIi P07 i Y Pl 7 e s w53 A7 78, XoF 2K 30T B 5 1 1 5 |
A AR, SR b A o B, 2T FU &
B 2 5T 5 AL, 20K 30 86 1 2 2 £
R AR AR IR AR A AR B R 2 A I R
AT RE AR R KT PUIE 5 B 0 A A G R T B I
PE— A58 % B, G 105 R A T 5 55 1 A M ol s A
W R P AR K 25 5 U A5 B 3 50% LA A A g
JT IR , HC P AR R i A e 5 SRR AR R 1Y) L A97]
K2, AR R fie /. 5 3 26 2 U EE , 2k 3
FUIHE B AN FIUIR i R 5 B e, DU R AN Rl
I 5 i i ik 48% , Horb i R e P e f g 1Y) e A
{18 AR IS BT IR b 35 4 HORIBK 30T B I 24 3.5
i AH Z ARG 7R A FL R0 1K 47 % . 1% 625 S50
FIF 36 K ST B T i o T ) e BRI R R 9 % A
AR AL 2K 0T B 096 1% 2 A HL AR T8 A 5 | T g
JR IR 25 2 1% BH S AR Ak, (R (45 IR M R 15 i
1, ARG W R & & T Y e AR A e
I LRSS HAE T, A FRE % N Bk T FUI6 4 7 36 B2 1%
AT L.

2.1.2. 3 IRNAEE S 2 ey e A ) 25 ) 2 AL AT
INZZ IR 22 e B I A B R R S X
TR A 5B VE . A bR I 15 B &
IIMBVAIE B L GE 5 S % 2k e BC 4 A 3l 312
RUNE, 240k U7 B 30 35 2488 B i, 24 T 58] 23
TR 243 BT B, BE AT HE 2K 30T B A6 1 5 P i 43
JEMAIY C,-Co, AR BTEEAN Co-C, IIAE IR . 54
U i A, BT B B O e R R
JIR I T | A ARV S Ak B 0 4 A s rP A DN 1) ) L A9 TR
A BNRAER AR T AR SRR (B (R
TR Y BIE .

2. L. 2. 4 iR EAA WA AN 6 Hl T 4 H
(R B il S AL S A7 g, & B T 0 &) B 2 28



6 3] SRAFUFAE (R RN ST )7 8 5 KT FO AR St 2059

AL 18 Bt \9-23 MM 9-FT 5L 19 Jog ; M e )y i 1y
FERME 9-23 M ke 25 BEA 23 BEHX K[ EE
()25 S T 5 RS T T e &)y ek X Ak B LA i 51
1 e 22 57

A FCAE AR T840 BB, & A AR R H 40
HAPAAHE G G, S — g i 2 ]
W5 AR, T 5 — A4l H 3 Tl ) s 4
NN RiX—I G 54 R d b WA ¢ 5H
N7 G TG P AR AR EE Bl 1 AR Y % R
Do it o 2 R g i 4 B S AL A AN TR 4
SYTRLA) LA B 22 S AR T 2 5k b 2 S 0 5 [ ke
BXCHT PUIHG 25 A 0 B TR 3 S K T LG A A S B 2
LU N 8 B T4t (B —
R) 0 O Jot $2 B 78 2 33 Pk A ) B I ik — A [ R
BXCHT PUIHG 25— ELA5- B8 A (R 2R P93 3, 0 1 42 U 20
A XA BR300 A U85 W AR P | ELBE i
R FAA W (Clony ) , SRAM IR A AR RN, A
BT 21 ke AR 100 R s A%, 1 i
RAY A HFEE L 10 Hah a5 H i T
4y AP AR SRR AR S LB (Cy ) T
BT FUIE A 5] 3t AR I A B R A B il
FHBE % 2K 307 U JC 5 1 AR 5 16 ~22 AN
PRI 18 ~ 22 /Ml A . 3 6 56t 2k 3y Bl A W 51 1 i
YA Be A IR, BEE R B DRI AR .

SR, 7 R AN [7] i ol 2 e W A PN ) R 8 T4
Jr , FE B MR 0 B | 4k 30 B U 7 DO 2 6 (S 2 R
W& Apis mellifera carnic) 23 T8 5 | lLAEAE N AL %
W6 (PG e TR U T R A Y TR 2 ] 1) 2 ) A T
W4 D A B v ) 2 A % (LR T P S 8 T e )y e B B
FR A 25 R R i 215 e LAk & W 25 B SR BORE, e
AT P AE B AL ) 1, 45 SR 0 58 4 A . T
HEWT X A7 B2 AT REAS & 2 Bk LG 7E KR %
B R P A 2 e [ 27 A 48 22 S D R i L BEAE
BT BLUE X 75 AR AR TR K B B BRGS0
2.2 g A R KT i B ) iR

VPR T FC I 42 G /K PR LS v A e i )y e L
11 6% Z2 B Bk BLA S5 D4R YL i B s MR LK
V-t BT v A I e ) RS D K T LA A 25 1R
TSR YR A2 G T8 B Fuchs I Ik RO 2
JIT LA B35 AR I 06 i, 2 R A 0k 40 B Al o e e
Gy R B R T s 9 1.6~ 2 5. R 58 2 PR, &t
TEJE 12 h PR T MLl BURN 36 h PR ARk G 4 e 90
T3 RO 3T B A 7 IR Y RE . T gl U
T 18 h, B4 He B 55 AT 48 14 5 HLUBK 0T FLAG

BB R4 BB BRI AT 5% ARk 3T BC i 77 3t 35
24 h JE I T G5 e AR T B HAK 5 H 4R
PCAEEE BRI AL S B, 55 40% 12K 5 B A6 ¥ fig
BB ) LI BRI, 2 LR 5 AR 6 2 R i
T K S B 5 7 B A DR 2R DR Ok I s
T e &)y v ) FE BE R T R TR 5 2 35 g 1D R e 11 L
HAHY ; T B35 )5 24 h FIEEIS B 365 48 h, 23
I P07 PR T ) 5 £ B 1 5 B 5505 72 h, R IR = Y
L IER 7 R PR RE A AS I 21, 17 B 3 A B AR R 0 2 =
T s e 0. 2 R G 7 R e 2 K S0 6 1 v
R R BB AT AN KT B B M AT
FARAFIXIE ALY, 75 E T IR o R AR A, 2K
FLIE () SE BCA Tk Y B e b 25 27 B 52 1)

AN NTEE S HT 0~ 15 h, 02K 357 B0 i A T
e 4l O Ky o s B AN B S 15 9% 10 d )R, &
IR A 5 A5 11 2 BT R . 5 A I Kk T T ol 1o B R
ST, BT BRsE B YN IR IR (AR ,
P24 R IR bRV S B0 E IS | 75 1 X -8- 1B ik M
[ (Z)-8-hepetadecene | 231 il 2k 7 FC i 119 258 11 7%
PEYITR , 12 e 4y 32 BB 193 )5 A R R i b
BT X S A A Lk E— 2 3 B8 IE A T K B B
U5 11 BB AT R 14 ) I
2.3 kU BUE X I L R AR AL

27 0025 06 2K 30 BU A6 R ) AR e s e 25 S B
F IS [l —Fh 2 3 B R & B YD, 18 2 e e 51
ANRVFNEF S b BT FU AR B AR B ) 2R R i A
&Y, S 3 ERRLEBZEMUS 245
Mk, BT NS i 2k 3 FUIHE X R AT b 7 B 36 2k
$UT B P T S A A AN P R K BT B A A X A =
5 R IR , 7 B P TR) SR AR 11 5 1 1
T, Bt K0T B SO (8 2K S BU A A AT T i
AWE R R B a8, A e g s —# Z
B T DLk SR FH A5 B 2R A W Ak
W PR 09 FL G FF xR P SRR S B T B R
SRR PR S, L A B e A A B ) B — 1
AR I ER.

3R OE

BT, IR BN [R] 25 3 23 52 i 2K 30 BL 995 2 A= 1Y)
PR, B 2 Dk 67 3 52 IR TR 1 %) 2K 3t
FLIRIAE T, PR S BRI RIS TR I, e
TR AT AR B A T 1 e 5 a3 I
U ) ELAEBLR OIS, ] RER 2 —MB K it 2. B
BUATS A VF 22 B 0 8 8 5 8 300 Sk FL i VR 2 R



2060 N A

i 28 %

I, HLBEZE X5 B 2R SR BORUS Iy 2% etk | R HE
Bk 2T o 22 n] F T2k 0 U B 3 A0 28 0 £ B R
Bl BT BE B0, 85 7R A U P2 B 4 (5 B R i
IR 7 i, A 2 18 Bh O 2 | 1 M5 B F IR U ik
CAndii Pt g B 2E L, A Sk R4 ) | 45 & Je ik
RS- B2 (Anfish 73 AT AR €35 BX FHAS ), PTREA BY
T RIH RIS B A Y. BT, % 65 B E %2k
FLAE RO FE FHBLEE 9 AS B, AR A B 4y 7 F Brd s
FHOCAILIE, I 2 5 B 58 7 (). 7 3 S A 5% 1Y) 2 A
I i B A SR SR | 3B A S R A
WA AR B B 0 | 285 8 TG PR R 5 22
i PRI 6 60, () 40 i, X e B oA K3
M), 25 /R 2% R M e T PN IE % 118 5 S I 3 RIS AT
A TG R PR (L 5 17 FH A0 0 5 ki) 70 750 46 5 6
e o L i ke g ] AL

FLUR 48 A5 3R BB AT PG A L T8 e
ﬁnﬁ—‘ﬁ,\ﬁﬁﬁzﬁlfﬂi)ﬂnﬁ‘/ﬂﬁéﬁé,mmﬂ@l@lﬁ%ﬁﬁ
Dy 1] 22— IHN T A X 8 e £ L 2 e 1 5 T
ORI IR ¥ %2 4, T A 98 45 2K 357 BU A 4 47 oA TR
B 5 SR BRI LB 5 HAD SR R RS & B
JEAEARIRIT 0 4.

B, AR B Z B TR 2K 0 EL i 06 251 7% 1 31 1
BRI R R A TR] G s T AR R i A S 3R, 28
] — A4 R 7R [R]— 4 & B I A8 AR R

SRR, BT R S B R X
AT ECIEROFE F AN ) AR 2SR BE T AT HUR.
A1, VG T B ELA AN TR B4 d R 2K B A AN ]
A=), VY 5 e AN ] A ()45 3 0 22 5 S L

XAk LS AN [R) A= ) RS VR T A 15 T it — 2D R
SE 3k

[1] Giacobino A, Molineri A, Bulacio CN, et al. Key mana-
gement practices to prevent high infestation levels of
Varroa destructor in honey bee colonies at the beginning
of the honey yield season. Preventive Veterinary Medi-
cine, 2016, 131. 95-102
Zhou T (Jd 18). The Biological Characteristics and
the Natural Distribution of Varroa destructor in China.
PhD Thesis. Beijing: China Agricultural University,
2005 (in Chinese)
Iwasaki JM, Barratt BI, Lord JM, et al. The New Zea-
land experience of varroa invasion highlights research
opportunities for Australia. Ambio, 2015, 44. 694-704
Hristov Y. Reasons for bee colony losses in Bulgaria and
their relation with CCD. Compies Rendus De L Academie
2014, 67 727-732

Vanengelsdorp D, Meixner MD. A historical review of

Bulgare Des Sciences ,
(5]

managed honey bee populations in Europe and the Uni-

[10]

[11]

(12]

[13]

[14]

(15]

[16]

(17]

[18]

[19]

ted States and the factors that may affect them. Journal
of Invertebrate Pathology, 2010, 103(suppl.1) ;. 80-95
Luo Q-H (B HAE), Zhou T (J& %), Wang Q (T
58) , et al. Advances in research on classification and
major species of bee mites. Scientia Agricultura Sinica
(PELR2E) , 2010, 43(3); 585-593 (in Chi-
nese )

Lin 2-G (B#T7), Qin Y (£ B), Li L (%
), et al. Synergistic effects of Varroa destructor and
deformed wing virus on honey bee health. Acta Entomo-
logica Sinica (2B 2E4R), 2016, 59(7): 775-784
(in Chinese)

Hubert J, Kamler M, Nesvorna M, et al. Comparison of
Varroa destructor and worker honeybee microbiota within
hives indicates shared bacteria.
2016, 72, 448-459

Hedtke K, Jensen PM, Jensen AB,
emerging parasites and pathogens influencing outbreaks

Microbial Ecology,
et al. Evidence for

of stress-related diseases like chalkbrood. Journal of In-
vertebrate Pathology, 2011, 108. 167-173

Annoscia D, Del Piccolo F, Covre F, et al. Mite infes-
tation during development alters the in-hive behaviour of
adult honeybees. Apidologie, 2015, 46 306-314

Zhao H-X (XL ), Luo Y-X (FHHRE). The re-
search advances on control of Varroa destructor. Chinese
Agricultural Science Bulletin (W [E A=), 2011,
27(12): 271-276 (in Chinese)

Maggi MD, Ruffinengo SR, Mendoza Y, et al. Suscepti-
bility of Varroa destructor (Acari; Varroidae) to synthe-
tic acaricides in Uruguay: Varroa mites’ potential to de-
velop acaricide resistance. Parasitology Research, 2011,
108. 815-821

Mozes-Koch R, Slabezki Y, Efrat H, et al. First detec-
tion in Israel of fluvalinate resistance in the varroa mite
using bioassay and biochemical methods. Experimental
and Applied Acarology, 2000, 24. 35-43

Boi M, Serra G, Colombo R, et al. A 10 year survey of
acaricide residues in beeswax analysed in Italy. Pest
Management Science, 2016, 72. 1366-1372

Herrera Lopez S, Lozano A, Sosa A, et al. Screening of
pesticide residues in honeybee wax comb by LC-ESI-
MS/MS. A pilot study. Chemosphere, 2016, 163. 44—
53

Strachecka A, Sawicki M, Borsuk G, et al. Use of acari-
cides for fighting Varroa destructor mites in bee colonies ;
Efficiency and risk. Medycyna Weterynaryjna, 2013,
69: 219-224

Garrido PM, Antunez K, Martin M,

lated gene expression in nurse honey bees ( Apis melli-

et al. Immune-re-

fera) exposed to synthetic acaricides. Journal of Insect
Physiology, 2013, 59, 113-9

Yang S (# #&), Tan K (i R ). Residule of
acari-cide effecting the physiology and behaviour of hon-
eybee. Journal of Bee (% We4%3E) , 2011, 30(2) : 7-8
(in Chinese)

Wu Y-Y (RHati), Zhou T (J& 1), Wang Q (E
5R) ,

et al. The harm of acaricides to honeybee. Apicul-



6 341 SRAFUEAR A5 B R TP VE 7 B e 5 AT TUI AR S 2061
ture of China ("PE) | 2014, 65(8) : 30 (in Chi- [36] Rahman S, Hajong SR, Gevar J, et al. Cuticular hydro-
nese) carbon compounds in worker castes and their role in

[20] Zeng Z-] (¥ i¥E), Peng W-] (2 X#H), Liu Y-B nestmate recognition in Apis cerana indica. Journal of
(X259%) . Honeybee pheromone and the control of Var- Chemical Ecology, 2016, 42. 444-451
roa destructor. Apiculture of China () , 2007, [37] Del Piccolo F, Nazzi F, Della Vedova G, et al. Selec-
58(11): 25-26 (in Chinese) tion of Apis mellifera workers by the parasitic mite Varroa

[21] Zeng Z-] (%8 &%), Huang K (¥ EE). Research destructor using host cuticular hydrocarbons. Parasitolo-
progress on the larva pheromone of honeybee (Apis mel- gy, 2010, 137 967-973
lifera) . Journal of Bee (% MeZ4ii), 2007, 27(11): [38] Kather R, Drijthout FP, Shemilt S, et al. Evidence for
3—4 (iin Chinese) passive chemical camouflage in the parasitic mite Varroa

[22] Zeng Z-] (¥4 &Hs), Huang K (8 FE). The phero- destructor. Journal of Chemical Ecology, 2015, 41 178-
mone communication in honeybee colony. Journal of Bee 186
(W), 2008, 28(4) : 25-26 (in Chinese) [39] Rosenkranz P, Aumeier P, Ziegelmann B. Biology and

[23] Yan W-Y (BifEE), Zeng Z-J (%4 M) . Review on control of Varroa destructor. Journal of Invertebrate Pa-
the egg-marking pheromone in Apis mellifera L. Journal thology, 2010, 103( suppl.) : 96-119
of Bee (BEWEZ27R), 2008, 28(1): 34-36 (in Chi- [40] ZhouT (J& %), Wang X (£ &), Luo Q-H (¥
nese) HAE) . Major Species of Varroa Mite in China. Beijing :

[24] Hu F-L (W8 K ), Xuan H-Z (4% ). The recent China Agricultural Science and Technology Press, 2015
advances in honeybee queen pheromone. Entomological (in Chinese)

Knowledge ( EEHHAR), 2004, 41(3): 208-211 (in [41] He XJ, Zhang XC, Jiang WJ, et al. Starving honey bee
Chinese) (Apis mellifera) larvae signal pheromonally to worker

[25] Gao J-L (B 5tH#K), Zhao D-X (X & # ). The bee bees. Scientific Reports, 2016, 6. 22359
hive’ s pheromone were reviewed. Apicultue of China [42] Maisonnasse A, Lenoir JC, Costagliola G, et al. A sci-
(P ), 2014, 65(1): 19-22 (in Chinese) entific note on E-B-ocimene, a new volatile primer phe-

[26] Trhlin M, Rajchard J. Chemical communication in the romone that inhibits worker ovary development in honey
honeybee (Apis mellifera L.) . A review. Veterinarni Me- bees. Apidologie, 2009, 40. 562-564
dicina, 2011, 56. 265-273 [43] Maisonnasse A, Lenoir JC, Beslay D, et al. E-B-oci-

[27] Pernal SF, Baird DS, Birmingham AL, et al. Semio- mene, a volatile brood pheromone involved in social regu-
chemicals influencing the host-finding behaviour of Var- lation in the honey bee colony (Apis mellifera). PLoS
roa destructor. Experimental and Applied Acarology, One, 2010, 5(10) : el13531
2005, 37. 1-26 [44] Ma R, Mueller UG, Rangel J. Assessing the role of B-

[28] Xie XB, Huang ZY, Zeng ZJ. Why do Varroa mites pre- ocimene in regulating foraging behavior of the honey
fer nurse bees? Scientific Reports, 2016, 6. 28228 bee, Apis mellifera. Apidologie, 2015, 47. 135-144

[29] Kraus B. Effects of honey-bee alarm pheromone com- [45] Carroll MJ, Duehl AJ. Collection of volatiles from hon-
pounds on the behaviour of Varroa jacobsoni. Apidologie, eybee larvae and adults enclosed on brood frames. Api-
1990, 21. 127-134 dologie, 2012, 43 715-730

[30] Wu Y-Q (RFH), Wei W-T (ZL3CH#E), Zheng H-Q [46] Eguaras MJ, Fuselli S, Gende L, et al. An in vitro eva-

[31]

(32]

[33]

[34]

[35]

(RBRH) ,
from royal jelly to Varroa destructor. Apiculture of China
(HE#L) , 2015, 66(1): 22-24 (in Chinese)
Harizanis PC. Infestation of queen cells by the mite Var-
roa jacobsoni. Apidologie, 1991, 22. 533-538
Calderone NW, Lin S, Kuenen LP. Differential infesta-

tion of honey bee,

et al. The repellent properties of fatty acids

Apis mellifera, worker and queen

brood by the parasitic mite Varroa destructor. Apidologie ,
2002, 33. 389-398

Drijthout FP, Kochansky J, Lin S, et al. Components of
honeybee royal jelly as deterrents of the parasitic Varroa
mite, Varroa destructor. Journal of Chemical Ecology,
2005, 31: 1747-1764

Nazzi F, Bortolomeazzi R, Della Vedova G, et al. Oc-
tanoic acid confers to royal jelly varroa-repellent proper-
ties. Naturwissenschaften, 2009, 96. 309-314

Schal C, Sevala VL, Young HP, et al. Sites of synthesis
Cuticle
1998,

and transport pathways of insect hydrocarbons
and ovary as target tissues. American Zoologist,

38. 382-393

[47]

(48]

[49]

[50]

luation of Tagetes minuta essential oil for the control of
the honeybee pathogens Paenibacillus larvae and Asco-
sphaera apis, and the parasitic mite Varroa destructor.
Journal of Essential Oil Research, 2005, 17. 336-340

Ruffinengo S, Eguaras M, Floris I, et al. LDy, and re-
pellent effects of essential oils from Argentinian wild
plant species on Varroa destructor. Journal of Economic
Entomology, 2005, 98. 651-655
Damiani N, Gende LB, Bailac P,
insecticidal activity of essential oils on Varroa destructor
(Acari; Varroidae) and Apis mellifera ( Hymenoptera;
Apidae) . Parasitology Research, 2009, 106 145-152

Lee EJ, Kim JR, Choi DR, et al. Toxicity of cassia and
cinnamon oil compounds and cinnamaldehyde-related

et al. Acaricidal and

compounds to Sitophilus oryzae ( Coleoptera; Curculioni-
dae). Journal of Economic Entomology, 2008, 101.
1960-1966

Wang Z-H ( TIRIE
EH),

romones and related mechanisms.

), Zhao H (X Wg), Li J-P (Z¢
et al. Synergism of plant volatiles to insect phe-

Chinese Journal of



2062 IVANDAE B SR N 28 &
Applied Ecology (B4 2%4%), 2008, 19 (11): aggregative process? Naturwissenschaften, 1999, 86
2533-2537 (in Chinese) 540-543

[51] Le Conte Y, Arnold G, Trouiller J, et al. Attraction of [61] Salvy M, Martin C, Bagneres AG, et al. Modifications
the parasitic mite Varroa to the drone larvae of honey of the cuticular hydrocarbon profile of Apis mellifera
bees by simple aliphatic esters. Science, 1989, 245. worker bees in the presence of the ectoparasitic mite
638-639 Varroa jacobsoni in brood cells. Parasitology, 2001,

[52] Le Conte Y, Becard JM, Costagliola G, et al. Larval 122, 145-159
salivary glands are a source of primer and releaser phero- [62] Rickli M, Diehl PA, Guerin PM. Cuticle alkanes of ho-
mone in honey bee (Apis mellifera 1.). Naturwissen- neybee larvae mediate arrestment of bee parasite Varroa
schafien, 2006, 93. 237-241 Jacobsoni. Journal of Chemical Ecology, 1994, 20, 2437-

[53] Yan W-Y (BiffiE), Le Conte Y, Beslay D, et al. 2453
Identification of brood pheromone in Chinese honeybee [63] Aumeier P, Rosenkranz P. Which odorous stimuli in-
[ Apis cerana ( Hymenoptera: Apidae) ]. Scientia Agri- fluence host-finding behaviour of Varroa females? Api-
cultura Sinica (FFEAOLFIE) , 2009, 42(6) : 2250 dologie, 1995, 26 327-329
2254 (iin Chinese) [64] Aumeier P, Rosenkranz P, Francke W. Cuticular vola-

[54] Milani N. Chemical communication in the honeybee-var- tiles, attractivity of worker larvae and invasion of brood
roa relationship. Proceedings of the Conference Bees cells by Varroa mites. A comparison of Africanized and
Without Frontiers: Sixth European Bee Conference, Car- European honey bees. Chemoecology, 2002, 12, 65-75
diff, UK, 2002, 74-85 [65] Fuchs S. Choice in Varroa jacobsoni Oud. between honey

[55] SunY (#h #&), Qin Y-C (Z E)JIl). Relationship bee drone or workerbrood cells for reproduction. Beha-
between some semiochemicals and the taxis of Varroa de- vioral Ecology and Sociobiology, 1992, 31, 429-435
structor. Chinese Bulletin of Entomology (& HUHIIR) [66] Frey E, Odemer R, Blum T, et al. Activation and inter-
2008, 45(5) ;. 780-784 (in Chinese) ruption of the reproduction of Varroa destructor is trig-

[56] Rickli M, Guerin PM, Diehl PA. Palmitic acid released gered by host signals (Apis mellifera). Journal of Inver-
from honeybee worker larvae attracts the parasitic mite tebrate Pathology, 2013, 113 56-62
Varroa jacobsoni on a servosphere. Naturwissenschafien, [67] Nazzi F, Milani N, Vedova GD. ( Z)-8-heptadecene
1992, 79. 320-322 from infested cells reduces the reproduction of Varroa

[57] Ziegelmann B, Tolasch T, Steidle JL, et al. The mating destructor under laboratory conditions. Journal of Chemi-
behavior of Varroa destructor is triggered by a female sex cal Ecology, 2002, 28: 2181-2190
pheromone. Part 2. Identification and dose-dependent [68] Le Conte Y, Huang ZY, Roux M, et al. Varroa destruc-
effects of components of the Varroa sex pheromone. Api- tor changes its cuticular hydrocarbons to mimic new
dologie, 2013, 44 481-490 hosts. Biology Letters, 2015, 11, 20150233

[58] Zalewski K, Zaobidna E, Zoltowska K. Fatty acid com- [69] Wang B (£ 1), Lin X-D (AKK), Du Y-J (4

. . S . 7k #4 ). Biosynthesis and endocrine regulation of sex
position of the parasitic mite Varroa destructor and its N . th. Chinese Journal of Applied Ecology
h,OSl the worker prepupae of Apis mellifera. Physiological ?ﬂ;rflzn;n;u;;;éo) ,' 2015, 26(10) : 3213) [5 ~ 3250 (‘iyl
Entomology, 2016, 41. 31-37 Chinese)

[59] Don%e G, Schnyder-Candrian S, Bogdanov S, et al. Ali- [70] Kather R, Drijthout FP, Martin SJ. Evidence for colony-
phatic alcohols and aldehydes of the honey bee cocoon specific differences in chemical mimicry in the parasitic
induce arrestment behavior in Varroa jacobsoni ( Acari; mite Varroa destructor. Chemoecology, 2015, 25: 215—
Mesostigmata ) , an ectoparasite of Apis mellifera. Ar- 222
chives of Insect Biochemistry and Physiology, 1998, 37.

129-145

[60] Salvy M, Capowiez Y, Le Conte Y, et al. Does the spa- TEFTEN KL, 40,1982 A s A, BB NEA

tial distribution of the parasitic mite Varro jacobsoni Oud. YA o3 AL A AR 5" # 5T E-mail : hhzhang83@ 163.com

(Mesostigmata; Varroidae ) in worker brood of honey

bee Apis mellifera L-( Hymenoptera; Apidae) rely on an

REHmE N 4

skFhE, XIRIE, JRIGHE, 5. (5 R RV T S 5P PO TR Tk e AR A2, 2017, 28(6) : 2055-2062
Zhang H-H, Liu Z-G, Gong Y-H, et al. Research progress of the interaction between Apis mellifera and Varroa desiructor mediated by
pheromones. Chinese Journal of Applied Ecology, 2017, 28(6) : 2055-2062 (in Chinese)



