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Reproductive traits and mandibular gland pheromone
of anarchistic honey bee workers Apis mellifera occurring
in China
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Abstract— | h e b bee ¢ l 16;, 4ci"o;la f 3 a achg ic”lj eagg, cg ac, 1Vae hei o 16; g dla/
egg evg i gg ce Phe ueg eldg l1ﬁed—h ee 1§h cl I%S‘hgd g ¢ cag
aacelze hg.ﬂ Vi(lli_leage ee, acgd he n‘? dﬁ);la gly g alyze 1 'Js gga;

ch rqa a‘H".’The a arq five rq he rq dlb;la gl d anels! meh’l—‘-‘)

Wd Bg' s ae (Hd 9- % -2?E)"déc% ic ac1d (- 6DA% (s§ Phid o (E) -2-Jecg ¥ ic acid (9-HDA), 10-

H]fA 10‘h"d de 3 o ;8 acid (10 e egqgl 1ﬁcg 1y hféhe % he ma d18.la glg d- e; f

V]glha(:laed vaie (AV\§ 171ug3{—nfae Al acwaed V—q( ﬁ 4.

3"6-9 Lg) he! e m ¢ echerqlcal‘ % fIAWg % e\gf;/’ﬁe e bs g cg‘”lo HDA (34.6

8.19 %) g %’1 ? 10-HDAKT(92. 495 7 % %hlle he chemcé} )H' AW ced m% aed b'l he
RS o ¢d

3? ueg saly 3 ce O-HDA 40.0% 7.55%%). the_ais B

ﬁD ﬁ em ew’ke like (>1 .0) e 3y AW eem e I.Cé Pﬂé-( OTThesé emj%gg@ ha

he m% dlbula v!%:)rq f@ a chg ic ’) qerqblearq ¢ I.% -like e o 1Ve ac Ve Tile g d! ha

he;e ) kg may e%‘?la 66;161 am agal S c11V G o{"?‘

Apis mellifera | anarchistic colony / ovary activation / egg production / worker policing / worker mandibular
gland pheromone

1. INTRODUCTION Vo (Mlchg e 1974). L; ~mal o di-
'ég, acg g usuall’ heg le fé'rqale e‘
Likerqg ¥ cug malxmec?3 heh e/ beeA,q; tac Ve a lVe.é dividgal 2 od wh1fe
noe fepd L.g cha ac e ized 7 (o erqe e c- _ESv e a% m e%c& g dej 16 aVAi} g
- W& - a=
ive dlvgl f lab be W The tueg g d al va ale g dé gg gal, c% ly
! ! ha‘l“% rqaf)e egg (a_he k ) (Wig ® 1887
Hefge 4 d Radl T 19981°H_ve e 'al. 2003;
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‘h‘ Cing At 9 mag, ial, , hich § aVallable au. h 1Zed - 4 Subj ‘eﬂ)es aﬁma ely 0.01 % f

us,s w’kgs lay 7 % fall ma?e egg, fwh1ch f?/
%'ﬂé a.h - F. Hy, ﬂh.@zlued‘ éeeggg 10001_; eaed%d he he ae e—
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}, (o= = ¢ 01’ 1
s e o A e fern gachg ic 1@ 11
whlch ala ge.a umbe 0f W ke —1a1(i) cgg ac



Re;ﬁ’.ctWeq_al? 3 d’lf_e::) P ofﬂg ofAWl e e

becagg e 9-ODA ha & ﬁcedg egn.lla_c | -

5 g b7 a fy 01 Al ey ha

% hibi QVgV ad 1Va1 % dew ‘%‘% he- %c-
g -like- ‘h"m egig alé

16 é =9

ke (Ceyppe 1988; M ige al 2000, 2do4
20’8 Dleen@ e al. 20 75 Th;s he a1 f
9-0DA/(J-ODA * 9-HDA + 10.HDR 4018
HDAA) g d 10-HDAA/9-HDA have beg uged
%50 8 dica f% dividyal f<.fo,'i d11‘/
(Ple‘i‘ e e al. 19 _ize al 2004; Hoov_g-
e, al 200sh; Sci# fg igéﬁ; 500b).

% achiyg, 8 agTCial cge fw ke e
daci o ;"‘ﬁide% & ﬂfqg af) e;d!_ce’f J-%o
qsgaa g he‘ ,1n1aerqech% gy g de q g
he W’k_g!—e___o Ctl i ! %ld 11‘ TC l ig .

Oweve %ach'g ac o /d o ich
§ | flag ced b‘/~—‘he" oMs B> ’f on¢j

weg %d o ke ggelccm&g %d he
‘f: Themaj "/ f@each fhe%achg ic

O 4
, § byed eg elec Vely b ed j e
S ? LI a4

Taj ted by e “ivdsiy g el hich glisbly
gh hlghe levek f% a chg ic-—-

(of’g rde . 1999;Olg vy dyb,, e1§99)

1 012, W fis gaw d e egg % d lavae
aﬂd ab Ve he V2 CE e»cln.de 4% geVe al

1gh Am e,,rein 1@3 1; Sh% %1
LJA%E ce, hal ai - ﬁrq hel ar-
chg ic _aig, éVQ 1ga ‘e ?16 £l w} g: (1)

cg age f. kd wlhg age2 gacwaed
‘Vaiz (Hag 942"P1k e'al'2010) @'y dif
ke —la1d egg ae able “w) ke--—Tic-

qca 5
itl . i?_heuq;%dhe Ic f he
W ke rq% d1 by la glg dg ec g igs | e ac 1.1-
311% &f' e c11Ve31a|;s§ i 1he’ o’ Ma.e
rqech§ grg y delvj g heq aCh§1IC§V d oMC;
(3) 4 ei‘ﬁ 1gaed hec o ill frq% d1b,1a
glg & a01Vaed vVa 1@
(IAWs) d ke w1hac1Vaed Val@_g (AV\g)
s anr Tedj J;eecl 1§w1hk'~ Cal g achg ic
, a1§%ddeem1§e 1fAV\§ ce pncg -like
gulg gosd he1 ci, mg dlbgla glg dge 6163

2. MATERIALS AND METHODS

Egg 3 dlaVae eefq dab Ve he{:meg & clpd-

ueg’lgh An eul’erﬂ L. Colp 18> 1; 1he

a‘fq)‘ féh@ ,r ce, Chﬂ a, fwhlch t}_1_ee Wel
H@gzhugdheqw 1'gaa
esus‘eféd ol bei g’ Qachg ic”
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cl ig . FLherq e, heec

o1 oshoud 887
feat’_q f@ a chg ic ac, o vi 163

eeusedzg di ¢ iy -
B pe 06 ig.

2.1. Experiment 1. Ovary activation analysis

e/ bee abd oMES il dig ected acc d& g,

Dade (1977) d:gglg eda}; bej gi ac 1Vaed( Valq
h ead-like g dlackj gdefj ed oVas age; 1 3) full'
acllva ed (cleg l7 defj ed OVa,g age 4 o lea;
egg é oVa1 le; 5 age 5) (Heg 1942; Plke1 al
2010) Slflf gachg 1ccl Y (n 3) ee

a& edf n d ec mlg ab Ve ‘he n.eg e,cl;de
g d he cedj_ewa; e‘Iﬁ"edé 3- da"; eVaL« f
fu'L mqesé Jg €2012 gulé gi 720, bq g
dggecedg dgc ed.

2.2. Experiment 2. Egg-laying behavior
analysis
Each g achgtic Colp 7 (1=3) y& s ﬁ (0 (Mo
halve meg_ igh half heaea bel oW e WS e,cl.de
g d{:ueg -¢% clyded half: he_a_ea ab ve ,aee & clud-
e)usa ga ueg e,cln;de Whlch all v$ gefeel/
o gl § s grenns
.—.—0 h‘ © ueg % w’fs-} =5

g egg “]ﬁced Wl c 1 1@, ré e
c mbwas 1;.3 eachhalfAf‘e_Sh d ec rqlg
=My ved f o he c l ig g d he egg i each half
W e c A ed
0 hf‘é‘)hei ambe 0fw
1h o o N2V8 g d

® eVal;a1e he- . 1b;1
f ke he egg lald.% he .ueg 1gh alf
® - ¢
{‘léédé e_d_;ec mb eaché a/ !

meg e,chde
b‘;‘,,q ab Veg d bel tueg & cln:de Aga& the
1 lg’rqbe 0f ke lald egg w3 Ced ed; each half
afe 8h 3 d hg WA, e‘I‘ﬁ)‘ed T}_l_ee’foa_tuqa;
\Nlhé eek % al@g f s 28 ical diffg ¢ cg fthe
egg Ctlé WS tueg 1gh half@ d tueg
e,c]uded halfwag rqed g g Swde g/ & .
1 1. l l
Daaae “% eda; megg g dg G da daddevlal

ke -laid egg be‘ eg
g 1alc

2.3. Experiment 3. Worker policing analysis
2.3.1. Sources of eggs

Th ce ild- 7T neg_ 1gh cl ig (WTI, WT2,

1
WT3) ae 1h€g S f w11d- b f}ueg -laid egg
(WTQE), Lce yild- T ¢ g Hag ‘1, iy (WTLL,

@ Springer



518

WTL2, WTL3) g 1heg s . f W1ld V?" ke -laid
egg (WTWE), hee 3 a achg ic ueg 1gh c 1 ig
(AC1, AC2, Acras heg &_cg ‘.fa achg ic ueg
laid egg (ACQE), 3 d 3 a chg ic e ke ai
(ACWE). Thgec 16 ig (n 9) e edeed& th_ee
E-o wsT e fig g_u;‘W“fl WTLI, ACI; hegecy d
2 WIS ACZJ’(} he hid g w13,
WTL3 AC3. Each py 1ded f e dlffs_ g
of c2%. | cladj g WTQE, WTWE, ACQ
ACWE.

cgs

,gd

2.3.2. Discriminator colonies

T, &sa/ he e val_ag fegg £ om Vaie
gd!_c%, eused heewld i (WTI,
WT2, WT3) g d hee g achg icc 1 ig (ACI,
AC2, AC3 digci 1 Each hive
eﬁ‘a’ed)% gﬁﬂbﬁa’ e :Scl. V1’cakh
s 10 wo &% weg crchade.j hi
‘he tuef; W3 C f; ed © 1heb oM ,1eld§ gpmeg -
¢ clpded a eag ab Ve he ,,ueg e,clude l d
Ll 1gh acs bel

“ecl

2.3.3. Egg removal bioassays
Ty ;&f;m he agay, e _asfe_ed 20 cgg £ m
cachg g ce fegg,the foa diffce o ace (WTQE
WTWE, ACQE g d ACWE)% oLa © celg f he
garqe 8. ¢ rqb ‘ha ha beg lef oS igh j hel

=2 gdgcnq% aw 1@ All f hese q
egg WL © llec ed f o he1 ) 1g§ al d e cely b"
wi 2 € 1hzed ool‘r‘fan ewwoh wa; wedf_

each owAfe %‘o‘u g, he 8, rqbw1h80egg
whsa dyic eg-be w5 o b dc rqb; hal“’fngl'
‘Iﬁéd% the cg ‘e’ f 1he u" chambe f each
dgci m‘.& aw bt (P1 ke al 2002) Egg w_e'i
‘3#' d.ced.a hel Colé 7 o ’g& aV 1da ‘; ¢ -
feg cg 01 e; rqae eCo8 11 (P 1ke al. 2007)
D, ecrqlg wlh é!-‘ fegg ee aced |
hedgcmH aw_ 06 ¢ ‘ESH g hahc mb; 3 degg
W, 1g3 a‘% gf mo‘h;c g hedgcmﬂ-
% aw PRCS The urqbe 0f erqaa i g cg% A
co edl 24ad6hafe§ d.c16 %dlwas
) eﬂ‘édf&_ ime@ 8 S aedag

2.3.4. Statistical analysis

vival daa f (WTQE, WTWE, ACQE, g d

ACWE) WL alal'/zeduc‘{ gaCl% e a5 ib sg_ViVal
g algg (Colleu 1994) & oy Tryg ‘edé SPSS. F’

@ Springer
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hgaal@g egsE equeda 1, 2, 4, 6h
c nr‘l‘e?:)daa‘ whe Y emasH gegg afe 6h
Wl 2 cd & cgg ed daa. Eggg ce da g d
dg ¢ imj A g W eemedag Va iablg j heC ol
31 SB_VWal m del g d,cuwedi ocal();lae he
hkehh d ai f hegy vival ac f he dlffeg
o o - -t
eggs d!_cq a‘g'adda g he fac_ fda/a ddgc iry-
Thega_vwal f§ CIé W% deled w1h u‘
(“ ull”) g d hg wlh ( ve all)g Og_ce f egg, da

addgcnq.&a (Veall)ag fac ,adthe
mf erqg the ab111 Yy f lhe m  del dq c ibe ‘he
daaqedwlhax thherq del g e;ed he

effec faddj gg &ce fegg , day gcmqé
facw‘s LE ly, W - l@g edft“fvﬁfe c nfqﬁ’
w5 esLVwa egs o diffeg s pos.
T -t "
We ‘f% gd (‘jhz (\i,a aga 1(; 1ly & he rqe% ‘—o ’h
% a d de 1a1%g) egsE ema&& ga eac
1me d

2.4. Experiment 4. Workers’ mandibular
pheromone analysis

Phe, oMy € Comt 51153 g algg 44 o d;cedal
Pe, 1aI.£1Ve iy SuhAflca Tg head fA\/\§
% dAW; each coll% v (n 3) e e em Ved@ dg ed
4 200 |,L1 dlchl rqeha ef a 1ea§ 24h 06» ac1
Co oh d; f he1 mg dlbgla glg &. Hallf the
e;r acg e eVa ated o i"’i« &5 o dg ag earq of

o2f 2 dg al"zed by ga ch oM ag_a 7 (Zhg g
e al. 2010). Ch oM £ ang w_e ec ded 1;51; g3
Agllg 6890 GC 3 ~Ra ek g I1ﬁed wj g HP
ChemS a iy sofﬂﬁ-e HOB 9-ODA, HVA, 9-HDA,
10-HD. ad 10-HDAA e e idg ified baged the

b
Ly 16 tquq fg,ﬂ helccnfok‘dgadthel ef -

i 1me ela 1Vel he.é alg a dad; (Squb e‘ al.
&0015 Thel ela 1Ve mag. alé (RMR;) ee rqea-
eadec eTegadadg ]ul

aj i gall fgb c o & wag’w daily gg!_e ha

Ry ewlh‘; helqul fheValabll"flqé%
hegeleg fga lad ys.

We calo;la ed he aly l; e arq K 5
adelaNeamq (h1~ gecnfsll ) f
HOB, 9- ODA HV/g 9HDA 10 DA g d 10- DAA
i 1AW 3 d AWg. The_a i iy of 9-ODA/(9-ODA + 9-
HDA + 10-HDA + 10-HDAA) (M’i z ¢ al. 2004,
Hoo\'e e al. 2005a; Scl?ffe e al. OO(}) g d 10-
HDAA/9-HDA (Pleg e ¢ al. 1993) aeemeds j di
caﬁes R dlvldgal fe% d11' A algi f’g ag ical
feg cq be W8 1AWg g d AW e rqed

(mic o ang)
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wi ¢ Mg, -Whi e/ ¢ . Da aaev‘e?%ted:g F m ha, ec§ calo.lae ha he c, _i-

)
megg 3 dg B da da ddevlal ao ! f he laVle a‘gé 209 egg
- 94 8 f T‘ue egs 1a1d§ he {’ueg 1gh
3. RESULTS gectl6 £° he hive.
3.1. Experiment 1. Ovary activation analysis 3.3. Experiment 3. Worker policing
A1 al £720 , keg e ) dmly c llect- ACH _egasiy 3 algggh  ed ha thge
edf o eachc 16 "fg_ Va‘/ acWal 3 al‘@g eeglg 1ﬁc§ diffe ¢ cq | he c_cm Va ag

W=
The rqe@ ~“eAc% age fAV\§ 'y eeg achg ic f_ he fop difice S g% egg ( eace of
wa; 625—49 58 %, g &—he meg - ‘é" egg !» p20. 001) The & Timg al day did,

cg . kg Wlh a leg . le may egg sig 1ﬁc§ Iy affected he A Vall aes (“Day o
‘g el Vallq gageS Plke al. 1a1”P>005) _’dld ngc_qu%a Clé‘
2010)w% 3.0021%5 9% (Table 1). TDi i aw”P>O .05) (Table 11)

1 g achg ic dig 1rq‘é a 06 i, WITWE
3.2. Experiment 2. Egg-laying behavior W C Ve sig 1ﬁc§ l‘fwfag ¢ ha ACWE
analysis (P <O0. 001) ho e, ACWE Wl ) ved a a
simily, _ac & WIQE (P=0. 133) 3 4 ACOE

Acc dﬁ g A%:ﬂ'/gg f va 1§ ce, he meg (P= 0290) (Flgj_e 3a, Table II).

- MG 1gh half ild- ‘eﬂ’gc irq% a ig,
(2&28’%‘ 8591) Wlncn‘?lauv he Ymeg 'alwgec n}‘a?’é” ed‘ a hefd!_ !ce

ke c, ed sig 1f1c% ly highe  egg W € edslg 1foc§ 1' die eg : ACQE
wﬁa f ?‘-e .ue -e,cluded halft(ll a5 ee em edgig ifica 'lag h WTQE
1. % W [)) S g % 1 s 1 %
kl 385 ?]ﬂ i 3 a chy ic Colé ig = (P<0 05) 3 d WTWE Wl Ved fa %
8.273, r{ —12 358, P <0. OOl)l(Flga_e 1) The wh;ea; ACQE w_e,e__erqOVedglg ificg 1’1
meg f egg i 1 Wi h% WTQE (P <0.001) (Flgnj_e 3‘b,
e lg‘h half (1300 Ny 72'3 R D!
fh “ha ' f weg -€xclapded half (25 6%— { b _h achg ica d ld-lﬁcnm a
g a0 eaeg g achg icg d.i i
%6.88} i ggchg 11c Col ig (FlgLe 2). Co 1@ WTWE ee c_en Veéi fag e h% Ohe

Table 1. Thef% age f . ke; wlhacWaed Valq (AWg) g da leg . erqaa_e eggaﬂd% hel
oalle heeg achg 1cc 1 iq.

Timg (1=12)  Cl, 7 (n=3) AW (%)  , = SD W, kes \Nlé‘la leg, £SD
erqa‘,_e g (A>

| ACI1 10.00 1625 7.50 6.67 725 am

2 26.67 2333

3 11.67 6.67

4 16.67 11.67

1 AC2 3.33 49.58 14.23 333 2125 7.59

2 8.33 8.33

3 11.67 8.33

4 1.67 0

1 AC3 58.33 6.25 4.59 33.33 3.00 245

2 61.67 45.00

3 30.00 18.33

4 4833 45.00

@ Springer



520

Colony

Figure 1. The ae fegg-—gacC i
Thet o X
Meg g dg 1% dﬁd deV1a1163 acs hoW .
€2Zs AC s p/hile 1heS[LViValj_a“'§ of ACWE
Wi & media e be ceg hge of 11:naegi; -laid
cgg (WTQE, ACQE} 3 d WléWE.,; addiy .
he g achg icc 1. ig ,celagg dgcimi a v
1 - & > Wam (o=
e L D
of €28 (Flgj_e 3).

3.4. Experiment 4. Workers’ mandibular
pheromone analysis

o fall idg ified ¢ o 3" &
WSS ié ificg ?‘/ h 1‘1)‘2_% AV\é (8.8§ 1.71 pg,
n=30)c oy T8 IAWs (4.00 2.09 ug, n =28)
oM & g
(P <0.05, Table é‘f) Fyp hem e, he aly Iy e
| 1 ®
am g of HOB g d 9-HDA wELs g ificg by
highe j *AW ¢ o TR 0 1AV (P<0.05),

The _alam s
ig

90
80

ACl1

AC2

Colony

D.-F. Niy el al.

: Seo (f heip oft?e%—igh1 half.? d meg -e",cl;d?d.h@f% h eegg_chi; lic col6 ig (AC).
we & we,egef_ae by a meg e,cl.d;,goihetuerﬁ‘ W lhe% 1/1; d1V1dn;alcab té edwé gl of‘hehwe.

whees ey | £ T o1 A v g

sig ificg’ Iy diffee be ,e¢ he Weo Se¥ S
(I P Valae=0.565) (Figy_e 4, Table' ST):
Th_@__ ela ive am K of 10-HDAA 3 d9-HDA
¢ egig ificg 17 di?feg be ,ee IAWg g d

- W

AW (P <0.001) i h TO-HDA' G4.64 8.19 %)
g d 10-HDAA (22.88 4.95 %) bej g he d mi-
3 R he—Me fIAW,  hile

ERN o' @ F { , ==

AV\é ws dgmj aed by 9-8DA (40.0$

7.55 %), he ,,uegt Y ce, 9-ODA WS

. : &
a_eclaivel/'mj ~c r

J b, hIAW (5.14

cooy
504" g d A8 10408 g d 4,

gi.g .iﬁc% 11‘/ diffe g 1.bcaweg lhe (o Sagd S
gmﬂl% he_erqa%% g hee conr“ﬁé G

(o P Vale =0.063) (Figy a4 g d g
Table 81). The_aji, ,f 9-ODA/(9-ODA + 9-

AC3

Figure 2. The__a e of egg;ﬂ’,c ié of w’k;s 11 n.e;;j__igh1 g d ‘:n.e§ -& clpded halve of FLl_ee %g_chg 1ic

. G
Colé ig (4C),
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HDA + 10-HDA + 10-HDAA)gh . ed,
sig ificy  diffgg ca be,cq 1A %3
AW (ail TAWE=0.057 0.74, AW =0.0
0.037, £=0.421), , he ea he_ai, of 10-
HDAA/9-HDA , & 5 ig ificg ‘1‘/ hight j 1AW
hg j AW (ai TAWs=1490 1319>1.0,
Awg =0.50T 0.700<1.0, P <0.001) (Table
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Anarchistic discriminators

IOOR
— - ol

2=\
0 ¥

D.-F. Nin ¢ al.

Wild-type discriminators

IOOR " |

[o.

s [%]
%

[ - jLw l\
= ls -
ME =40 £ 40 .
—F S
20 - 220 E
- 0
2 3 4 5 6 0 0 1
e after intraduetion (hpuws]. | Time.aftetintrodiction Thorsl. Tim

—5— Wild-type queen-laid eggs (WTQE)

—A— Apavchistie mnrkasdaid enas (ACIWERY . . =G

(ACOE) 3 dwTk;s S b gactd |

—H— Anarchistic queen-laid eggs (ACQE)

=5 Wild.tyme wigtk anslaid e oo (WEIWEN o,
Figure 3. Remy val_a & f egg laid by Sld-+ Tanegs (WOE) g d
h la ed d ild- 7
t__eel‘ cla e ;g,acglc(a)g Wi

k_e; ( ”‘7 ”E)g dg achgllc Wneg g
) uge% igh

dg g imj a Colp 1838 <Wely. Va]n;a; ee he megs o fall31 4da§ f all dg ¢ imj a‘; (n=3)."The /I;gl

e‘fé heggdadeyst fherqegg

-

S S8 fegs, & <8Iy WTWE Wl ejected

‘)
‘ﬂlce u.eg -likeg i ig al able h he1 S e
rqé g ce. Whe e nf‘aglg hhea—

m e gl‘/é oAld- ¢ ?ﬂ;c m;f; a 1@ d;c ive

h% 1; %achg 1cdgtcmqﬂ 1@ e 1!_edaax he alam'ﬂ,ﬁ?% b hIA‘V\g g d

ﬁgu ss, gl,grr‘ y WS "(g%shové g e hi he e,,l’ern Pl 1gh

“ha gac g ic 4, EE eVa?ie egg“;ﬂ‘% g by w (25 052 pg) whle hey Wt 1@33
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