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Abstract — Head extracts of workers and mated queens of the closely related spApisscefana

andA. nigrocinctafrom Sulawesi, Indonesia were quantitatively analyzed by gas chromatography-
mass spectrometry for several mandibular gland components. The amounts of many compounds
were significantly different between species for both queens and workers. Quantities of 10 of the
16 compounds quantified in queen bees differed significantly between the two species. Of the three
known mandibular gland retinue pheromone componertsderanaqueens [E)-9-oxodec-2-enoic

acid (9-ODA), E)-9-hydroxydec-2-enoic acid (9-HDA), and metlpyhydroxybenzoate (HOB)],

the amounts of 9-HDA and HOB were significantly different between species. Quantities of 6 of
the 11 compounds quantified in worker bees differed significantly between the two species. This
guantitative analysis supports the hypothesisAhateranaandA. nigrocinctaare indeed separate
species.

Apis cerana / Apis nigrocinctahoney bee / mandibular gland / pheromone

1. INTRODUCTION from “The Celebes” (Sulawesi)Apis

nigrocinctaFabr. Smith, 1861. However,

It has long been known that cavity-nest-most reports about honey bees from this
ing honey bees inhabit Sulawesi and the suregion have presumed that the cavity-nest-
rounding islands of Indonesia. Maa (1953)ng bees there are forms Apis cerana
recognized a unique species of honey bekabr., the common hive bee that ranges over
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most of Asia. Recently two distinct popu- (Plettner et al., 1996; Plettner et al., 1998).
lations of cavity-nesting honey bees wereln mated queens, compounds functionalized
verified in Sulawesi (Hadisoesilo et al.,at the penultimatex1) position of the chain
1995). Although sympatric in at least two[(E)-9-oxodec-2-enoic acid (9-ODA) and
areas of Sulawesi, they do not appear tthe two enantiomers oEj-9-hydroxydec-2-
hybridize, suggesting they are distinctenoic acid (9-HDA)] predominate. In work-
species. ers, compounds functionalized at the termi-
nal () position [10-hydroxydecanoic acid
(10-HDAA) and E)-10-hydroxydec-2-enoic
acid (10-HDA)] predominate. The mandibu-
lar glands ofA. melliferaqueens also pro-
duce several aromatic compounds of which
methyl p-hydroxybenzoate (HOB) and
4-hydroxy-3-methoxyphenylethanol (HVA)

Morphometric analyses have indicatec
that the smaller, darker morph correspond
to A. ceranaand the larger morph with yel-
lowish clypeus and legs corresponds tc
A. nigrocincta(Hadisoesilo et al., 1995;
Damus and Otis, 1997). These species al¢
have different drone cell cappings. Itis We"account for the retinue attraction of the

documented thah. ceranadrone cells are ) ,
sealed with a wax capping underlain by Jdueen mandibular glands when combined

hard conical cocoon structure that contains with 9-ODA and 9-HDA (Slessor et al,

central pore (Ruttner, 1988; Boecking et al.1988)' Thes.e compounds comprise the
1999). In contrast, sealgtl nigrocincta gueen mandibular pheromone for retinue

drone cells have only a thin wax Calopirlcattraction inA. melliferabut do not account

and lack the hardened cap with pore (Hadi<f°r all of the retinue attraction or chemical

oesilo and Otis, 1998). The timing of the‘communlcatlon attrlbu_ted to the queen
mating flights also differs between the two(lsglgss_sgeg}igl"e%%?&z\évégzton and Slessor,
species, with flights ofA. ceranadrones ’ 9 " )-

preceding and only slightly overlapping  ynfortunately, the queen mandibular
those ofA. nigI’OCinCtadroneS (Hadisoesilo pheromone QP\ Cerand]as not been SO We”
and Otis, 1996), thereby affecting almosicharacterized. It is known that HVA is absent
complete reproductive isolation between thirom queen mandibular glands and does not
populations. These differences indicate thejncrease retinue attractionaf ceranavork-
they are two distinct species and that Wers when added to the other three com-
might expect to find other differences.  pounds (Plettner et al., 1997). There has

The chemical composition of the been no analysis of the mandibular gland
mandibular glands of both honey bee queercomposition ofA. nigrocincta In this study,
and workers have previously been analyzeWe quantitatively analyzed head extracts for
as a method to compare different specieseveral mandibular gland components to
(Plettner et al., 1997). In the queen, thesreveal any d|fferenc_e§ between the mandibu-
glands produce pheromone messages thiar gland compositions of these closely
elicit the retinue of workers, attract drone<'elated species.
on melng gt and e eleedlo nlo e compounds quantied i s sty
ston and glessor 1998))/ The func?ions 0mclu'de those previously quant|f|eq in other
the components i,n the wbrker mandibula\StUd'es (Plettner et al., 1997; Keeling et al.,
glands are attributed to food preservatiorZOOOb) as wel! as some of the compounds
and larval nutrition (Winston, 1987) recen;ly identified inA. melliferaqueen

’ : mandibular glands (Engels et al., 1997;

In A. melliferaL., both female castes pro- Matsuyama et al., 1997; Keeling and
duce distinctive blends of compounds inSlessor, unpublished observations). Apart
their mandibular glands with functionalizedfrom those mentioned above, the compounds
aliphatic acids predominating in both castequantified have not been reported to be
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pheromone components in any honey bebniversity. Upon arrival, samples were

species and may only represent differencestored at —20 °C until extracted.

in biosynthetic pathways of the different

species and castes of honey bees. Most of ) )

the aliphatic acids are biosynthetically linked ~2-2. Extraction and analysis

to the major queen and worker produced

acids (Plettner et al., 1996; Plettner et al., Although all compounds analyzed orig-

1998). The biosynthetic pathways of thdnate within the mandibular glands, the

aromatic compounds HOB and HVA havewhole head was extracted because the ana-

not been reported but the other aromatitytes are leached from the intact mandibular

compounds quantified in this study aredlands into the rest of the head by the ship-

potentially linked biosynthetically to these Ping solvent (Plettner et al., 1997). Bee

pheromone components. As we learn morBeads were crushed in the shipping solvent

about the mandibular gland biochemistry ofnd extracted with additional methanol.

honey bees and test compounds for biolog=xtracts were centrifuged briefly to remove

ical activity in honey bee species other thar$0lids and then stored at —20 until ana-

A. mellifera some of these compounds mayyZed.

be of importance ikpissemiochemistry. Extracts were then analyzed as their
trimethylsilyl derivatives by gas chro-
matography-mass spectrometry in a man-

2. MATERIALS AND METHODS ner similar to Keeling et al. (2000b). Fifteen

of the compounds quantified were obtained

commercially as follows: 3-hydroxyoctanoic

. acid (3-HOAA), methyp-hydroxybenzoate

Bees from both wild and managed OB), 3-hydroxydecanoic acid (3-HDAA),

colonies were collected in September an -hydroxy-3-methoxyphenylethanol (HVA)
October of 1998 in Sulawesi, Indonesia. 1 hydroxydecanoic acid (10—HDAA)’
nigrocinctawere collected from Bobo and (gy_coniferyl alcohol, E)-ferulic acid

Rahmat, near Palu, in Central Sulawesi ang_pyqroxy-3-methoxyacetophenone, decane-
Air Mandidi and Kauditan, near Manado, gjpjc acid (C10:0 DA), andf)-4-hydrox-

in Northern Sulawesi. ceranawere col-  ycinnamic acid from Sigma-Aldrich Canada
lected from Bobo, Rahmat, and Lolu, injnc. (Oakville, ON, Canada); 4-hydroxy-
Central Sulawesi. A forager, queen, ancicetophenone and 4-hydroxybenzoic acid
nurse bee were collected from each colonyrom Eastman Kodak Co. (Rochester NY
The forager was collected first as she exitedjsa); (E)-9-oxodec-2-enoic acid (9-ODA),
the colony entrance. The colony was theng)-9-hydroxydec-2-enoic acid (9-HDA),
opened and the queen located. All queensnd €)-10-hydroxydec-2-enoic acid
were mated and actively laying eggs (broog10-HDA) from PheroTech Inc. (Delta, BC,
of all stages was present in each colony). &£anada). The remaining four compounds
bee on the brood comb was taken as a nurggantified were synthesized as follows:
bee. We could not dissect the mandibulag-hydroxyoctanoic acid (8-HOAA) by par-
glands in the field so the bees were decaptial oxidation of 1,8-octanediol (Plettner,
tated with a razor blade (different blades for1995), dihydroconiferyl alcohol by hydrob-
each caste/species). The heads were placerhtion-oxidation of eugenol (Fieser and
individually in glass vials (2 mL) pre-loaded Fieser, 1967), dihydroferulic acid by hydro-
with methanol (20QuL) containing undec- genation of E)-ferulic acid (Fieser and
10-enoic acid (1¢ig, Matheson, Coleman Fieser, 1967), andE)-dec-2-enedioic
and Bell, Norwood OH USA) as an inter-acid (C10:1 DA) by oxidation of 10-HDA
nal standard and shipped to Simon FrasgPlettner, 1995).

2.1. Collection of specimens
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Eleven standard solutions containingsignificantly,A. ceranagueens had over four
trimethylsilyl derivatives of the internal stan- times more HOB than did. nigrocincta
dard and all analytes were used to calibratgueensA. ceranagueens had significantly
the response of the instrument with respeehorew-functionalized acids tha. nigro-
to the internal standard over a 1024-folccincta for all compounds quantified
range of concentration for each analyte. Wé8-HOAA, 10-HDA, 10-HDAA, C10:0 DA,
used the mass spectrometer’s software capand C10:1 DA) except 8-HOAA. Of the two
bility to integrate peaks over specific massegw-1)-functionalized acids (9-ODA and
Masses were chosen for each analyte bas@dHDA), A. nigrocinctahad significantly
on the fragmentation patterns of themore 9-HDA than did\. ceranaAs a result,
trimethylsilyl derivatives [typically M or the 10-HDA/9-HDA ratios, an indication
(M-15)*] and the absence of adjacent peaksf the weighting of the two paralle and
with similar masses. The masses for intees-1 biosynthetic pathways, were also sig-
gration and the retention indices (van demificantly different (0.53 + 0.03 and 0.22 +
Dool and Kratz, 1963) for these derivatives0.02 forA. ceranaandA. nigrocinctarespec-
on the DB-5ms column were as followstively, t-testp < 0.0001). The following aro-
(mass, retention index): undec-10-enoianatic compounds that are foundAnmel-
acid (241, 1544), 3-HOAA (289, 1467), lifera queens could not be detected in
4-hydroxyacetophenone (193, 1468)A. ceranaor A. nigrocinctaqueens: HVA,
HOB (193, 1490), 8-HOAA (289, 1614), dihydroconiferyl alcohol, and]-coniferyl
4-hydroxy-3-methoxyacetophenone (238alcohol.

1614), 4-hydroxybenzoic acid (267, 1622),

3-HDAA (317, 1647), HVA (312, 1701),

9-ODA (241, 1701), 9-HDA (315, 1785), 3.2. Workers

10-HDAA (317, 1805), dihydroconiferyl

alcohol (326, 1811), 10-HDA (315, 1858), When nurse and forager workers were

C10:0 DA (331, 1888), dihydroferulic acid pooled together for each species, workers

(325, 1888), [E)-coniferyl alcohol (324, of the two species were significantly dif-

1933), E)-4-hydroxycinnamic acid (308, ferent in 6 of the 11 compounds detected

1934), C10:1 DA (329, 1937), and)¢fer-  and quantified in workers (Tab. IB. nigro-

ulic acid (338, 2085). The retention indicescinctaworkers had significantly more

and MS fragmentation patterns of the syneo>-functionalized acids than didl. cerana

thetic analytes matched those found in thevorkers for all compounds quantified

extract. Quantities reported in text are mea(B-HOAA, 10-HDA, 10-HDAA, C10:0 DA,

+ SE. To meet the requirements of normaland C10:1 DA) except 8-HOAA. The quan-

ity and equal variances for parametric testtities of the (o-1)-functionalized acids

ing, all measurements were transforme@9-ODA and 9-HDA) were not significantly

by X’ = (x + 0.59-°before statistical analy- different between species but the 10-HDA/9-

sis with JMP software (SAS Institute Inc. HDA ratios were (5.39 £ 0.86 and 14.77 +

1996). 2.29 forA. ceranaandA. nigrocinctarespec-
tively, t-testp < 0.0001). These observations
were the opposite of those seen in the queens.

3. RESULTS HOB, 4-hydroxy-3-methoxyacetophenone,
dihydroferulic acid, )-4-hydroxycinnamic
3.1. Queens acid, E)-ferulic acid, HVA, dihydro-

coniferyl alcohol, and)-coniferyl alcohol
The two species were significantly dif- were not detected in any of the workers.

ferent in 10 of the 16 compounds detected There were also differences between for-
and quantified in the queens (Tab. I). Mostgers and nurse bees (Tab. 1ll). Most of the
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Table I. Quantitative analysis of mandibular gland components in queen head extracts. Compounds
listed in their order of elution as trimethylsilyl derivatives from the DB-5ms GC column.

pg/queen (mean + SE)

t-tesf

A. cerana A. nigrocincta
Compound 0 =14) h=12)
3-HOAA 0.87 +£0.04 1.09+0.25
4-hydroxyacetophenone 0.29 £0.04 0.10+0.01 Fhk
HOB 43.6+55 9.26 £2.98 ok
8-HOAA 129+1.2 17.6+4.2
4-hydroxy-3-methoxyacetophenone 16.0+£1.5 6.85+1.63 rkk
4-hydroxybenzoic acid 2.60+0.39 4.83+0.70 *k
3-HDAA 0.44 £0.03 0.66 £0.18
9-ODA 1104 116 7
9-HDA 61.5+3.1 106 =8 ok
10-HDAA 4.22+0.42 2.74£0.23 bl
10-HDA 32.7+3.0 23.1+24 *
C10:0 DA 105+1.1 6.02 +0.73 *
dihydroferulic acid 0.06 £0.01 0.18+0.11
(E)-4-hydroxycinnamic acid 0.14 +0.01 0.27 £0.07 *
C10:1 DA 46.0+3.3 29.1+34 hd
(E)-ferulic acid 0.25+0.02 0.24 £0.05

at-test of (x + 0.5)>transformed data, * (< 0.05), ** = (0 < 0.01), *** = (p< 0.001), and **** = f < 0.0001).

Table Il. Quantitative analysis of mandibular gland components in worker head extracts. Com-
pounds listed in their order of elution as trimethylsilyl derivatives from the DB-5ms GC column.

pg/worker (mean + SE)

t-tesf

A. cerana A. nigrocincta
Compound = 24) nh=21)
3-HOAA 5.76 £1.00 8.81+£1.15
4-hydroxyacetophenone 0.09+£0.01 0.12+0.01
8-HOAA 6.19+£1.01 7.97+1.49
4-hydroxybenzoic acid 0.04 £0.00 0.07+0.01 rkx
3-HDAA 0.33+0.04 0.62 £0.09 o
9-ODA 0.21 £0.03 0.16 £0.03
9-HDA 1.00 £0.25 0.75+£0.19
10-HDAA 2.64 £0.42 4.75+0.78 *
10-HDA 3.55+0.80 942 +1.77 **
C10:0 DA 1.92+£0.32 3.86 +0.62 *
C10:1 DA 3.22 +£0.59 6.48 +0.93 **

at-test of (x + 0.5} transformed data, * 5p(< 0.05), ** = (p < 0.01), *** = (p < 0.001).



Table Ill. Quantitative analysis of mandibular gland components in forager and nurse bee head extracts. Compounds listed in tleditiordasof 1Y

trimethylsilyl derivatives from the DB-5ms GC column. &
pg/worker (mean + SE)*
Foragers Nurses
Compound A. cerana A. nigrocincta A. cerana A. nigrocincta
(n=13) h=14) (h=11) h=7)
3-HOAA 8.30+1.29b 9.55+1.18b 2.75+0.99a 7.32+2.58ab
4-hydroxyacetophenone 0.13+£0.02b 0.14+0.02b 0.04+0.01a 0.09£0.03 ab
8-HOAA 525+1.25a 7.20+1.86a 730+1.64a 9.51+255a
4-hydroxybenzoic acid 0.04+0.00 a 0.07+£0.01b 0.05+0.01 ab 0.07+0.01b
3-HDAA 0.28£0.04 a 0.55+0.11 ab 0.38 +0.08 ab 0.76 +0.16 b e
9-ODA 0.26 £0.05b 0.10+0.02a 0.14 £0.03 ab 0.27+0.07b ;
9-HDA 0.35+0.13a 0.48+0.15a 1.77+0.43b 1.28+0.43 ab e
10-HDAA 1.24+031a 423+091b 430+0.49b 5.80+1.52b g
10-HDA 1.64+051a 751+211b 5.81+1.37ab 132+29 b @
C10:0 DA 1.21+0.27a 3.25+0.76 ab 2.77+£0.54 ab 5.08+0.99b o
C10:1 DA 2.06+0.57a 551+1.11b 4.58 +0.98 ab 8.42+152b

* Means in each row followed by the same letter are not significantly different using Tukey-Kramer HSD of Bé#r@isformed datgp(< 0.05).
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compounds quantified were more abundantotable that queens of these closely related
in nurse bees than foragefs.ceranafor-  species share every quantified compound.
agers were significantly different from The quantities of 9-ODA in particular,
A. cerananurses in 4 of the 11 compoundsbelieved to be the major queen sex
quantified whereas only 9-ODA was sig-pheromone component of these and most
nificantly different betweeA. nigrocincta other honey bee species (Koeniger et al.,
foragers and nurses. The nurses were n@899) are identical. This may allow inter-
significantly different between species forspecific attraction of drones during their
any compound quantified. nigrocincta slightly overlapping mating times. How-
foragers had significantly more of 5 of theever, drones may discriminate between
11 compounds quantified than cerana queens of different species using additional,
foragers. presently unidentified, chemical cues pro-
duced by queens. An investigation of the
cross-attraction of drones to queen extracts
3.3. Differences between queens of both species is needed to establish repro-
and workers ductive isolation based on differences in the
sex pheromone. Th& ceranagueens were
Queens had larger amounts of all arodissimilar in the quantities of several com-
matic compounds than did workers. The fol{pounds to the newly matéd ceranagueens
lowing aromatic compounds appearedrom Malaysia previously analyzed (Plettner
queen-specific for both species: HOB,et al., 1997). This suggests that, like mor-
4-hydroxy-3-methoxyacetophenone, dihy-phological variation, intra-specific chemi-
droferulic acid, E)-4-hydroxycinnamic acid, cal variation is high throughot ceranés
and E)-ferulic acid. As inA. mellifera large geographical range. Such variation is
gueens had greater quantitieswofl()-func-  also apparent between the different races of
tionalized acids compared to workers bufA. mellifera(Crewe and Velthuis, 1980;
unlike A. mellifera queens also tended to Pankiw et al., 1996).
have greater quantities @ffunctionalized

acids than workers. Most of the aromatic compounds quan-

tified were queen-specific. In the mandibu-
lar glands ofA. melliferaqueens, HVA,
dihydroconiferyl alcohol, and=)-coniferyl
alcohol are easily detected but 4-hydroxy-3-
) methoxyacetophenone can be found in only
These two species of honey bees wergace amounts (Keeling and Slessor, unpub-
clearly dI$tIhQUIShab|e by the differences iNished observations). Of these compounds,
the mandibular gland components found ibnly 4-hydroxy-3-methoxyacetophenone
their head extracts. Most obvious for queeng,as detected in the head extracté oter-
were the differences in quantities Of_HOBanaandA. nigrocinctaqueens. As these
and 9-HDA.A. ceranaqueens contained ¢ompounds are structurally related, it is
more than four times the HOB and aboutempting to speculate that (a) they share a
one half the 9.-'HDA ofA. nigrocincta common biosynthetic pathway and (b)
queens. In additior. ceranaqueens had A melliferadiffer from A. ceranaand
relatively morew-functionalized acids and A nigrocinctaby species-specific differ-
correspondingly less of thex1)-function-  gnces in this pathway. A better understand-
alized acid 9-HDA tham\. nigrocincta  ing of the biosyntheses of the aromatic com-

queens. The quantities of several aromatigsnds in the mandibular glands is needed.
compounds also differed significantly

between species. However, when viewed The workers of these two species were
with respect to chemical similarities, it is also significantly differentA. nigrocincta

4. DISCUSSION
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workers had greater quantities of all theDes ouvrieres et des reines fécondées des
w-functionalized acids thah. ceranavork-  deux espéces ont été prélevées dans le centre
ers. Nurse bees also tended to have greatet le nord du Sulawesi. Les tétes ont été
guantities than did foragers. Unfortunately extraites au méthanol, puis une analyse
our understanding of the functions of thesguantitative des composés suivants, sous la
compounds is rudimentary. forme de leurs dérivés triméthylsilylés, a

More than half of the compounds inves-Eté effectuée par chro,mfatographle en phase
tigated in queens and workers showed sigg@Zeuse et spectrometrie de masse : I'acide
nificant quantitative differences between3-hydroxy octanoique (3-HOAA), le
the two species. This quantitative analysig¢-hydroxy acétophénone, pehydroxyben-
supports the hypothesis thatceranaand —Zoate de méthyle (HOB), I'acide 8-hydroxy
A. nigrocinctaare indeed separate speciesoctanoique (8-HOAA), le 4-hydroxy
In addition, this analysis of the mandibular3-methoxy acetophenone, l'acide 4-hydroxy
gland components contributes to a bettep€nzoique, I'acide 3-hydroxy décanoique
understanding of the semiochemistry of thig3-HDAA), le 4-hydroxy 3-méthoxyphe-
important gland irpis nyléthanol (HVA), l'acide [E)-9-oxo 2-déce-

noique (9-ODA), 'acide K)-9-hydroxy
décénoique (9-HDA), I'acide 10-hydroxy
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Résumé — Analyse des composés de |dique étaient specifiques des reines chez les
glande mandibulaire dans les extraits de deux especes. Chez les reines, 10 des
téte d’Apis cerana et Apis nigrocinctsdu 16 composés détectés et quantifies diffé-
Sulawesi, Indonésie, deux populations disraient significativement entre les especes
tinctes d’abeilles melliféres nidifiant dans(Tab. I). Sur les trois composés connus de la
des cavités ont récemment été reconnuggéromone royale des reinef\dcerana
comme deux espéces séparégis cerana (9-ODA, 9-HDA et HOB), le 9-HDA et
Fabr. etApis nigrocinctaSmith, d’aprés I'HOB différaient significativement d’une
Ianalyse morphométrique et les périodes despéce a l'autre. Chez les ouvriéres, six des
vol des males. L’analyse chimique desl1l composés détectes et quantifiés diffe-
glandes mandibulaires décrite ici fournit unegraient significativement (Tab. I1). Chez les
autre comparaison entre ces deux espécdsux types d’ouvriéres A’ nigrocinctales
étroitement apparentées. Chez la reine, cemurrices et les butineuses, la plupart des
glandes produisent les messages phéromoemposés quantifiés étaient présents en plus
naux qui déclenchent la cour des ouvrieregrandes quantités que ch&zceranalLes
attirent les males lors des vols d’accouplenourrices et les butineuses différaient aussi
ment et régulent divers aspects du foncentre elles par quelques composés (Tab. lll).
tionnement de la colonie. Les nombreuses différences observées dans
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cette analyse quantitative confirme I’hypo-HVA, Dihydroconiferylalkohol undg)-Coni-
these selon laquells. ceranaet A. nigro-  ferylalkohol wurden in keinem der Kopf-
cinctasont bien deux espéces séparées. extrakte nachgewiesen. HOB, 4-Hydroxy-3-
methoxyacetophenon, Dihydroferulasaure,
Apis cerana / Apis nigrocinctd glande ~ (E)-4-Hydroxyzimtsaure, undg)-Feru-
mandibulaire / phéromone lasaure waren spezifisch fur Koéniginnen
beider Arten. Zwischen den Kdniginnenar-
ten waren 10 der 16 nachgewiesenen und
quantifizierten Komponenten signifikant
. . verschieden (Tab. I). Bei den 3 bekannten
ponenten der Mandlbeldruse aus Kopf- ,Hofstaatkomponenten* des Pheromons der
extrakten von Apis ceranaund Apis nigro- - \1andipeldriisen von AceranaKoniginnen

cincta. Zwei distinkte Populationen von (9-ODA, 9-HDA, and HOB), ergaben sich
héhlenbriitenden Honigbienen auf Sulawesiyai 9-HDA und HOB Arten signifikante

Apis ceranaindA. nigrocinctawurden auf jnterschiede zwischen den Arten. Bei
Grund von morphometrischen Analysen undyheiterinnen unterschieden sich 6 der 11
unterschiedlichen Drohnenflugzeiten vor,achgewiesenen und quantifizierten Kom-
kurzem als getrennte Arten beschrieben. Digonenten signifikant (Tab. 11). Béi. nigro-
hier erfolgte chemische Analyse der Manincta Arbeiterinnen waren bei Ammen-
dibeldrisen ermdglicht einen weiteren Veryngd Flugbienen fast alle Komponenten in
g|eiCh dieser nah VerWandten Arten. Beigrdﬁeren Mengen Vorhanden a|S be|
Kbniginnen erzeugt diese Drlise ein PherOA_ cerana Bei einigen Komponenten der
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Bienenvolk beeinflusst. Hypothese, dass es sich Beiceranaund
Arbeiterinnen und begattete KoniginnenA. nigrocinctawirklich um getrennte Arten
beider Arten wurden in Mittel- und Nord- handelt.
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