
from “The Celebes” (Sulawesi), Apis
nigrocincta Fabr. Smith, 1861. However,
most reports about honey bees from this
region have presumed that the cavity-nest-
ing bees there are forms of Apis cerana
Fabr., the common hive bee that ranges over

1. INTRODUCTION

It has long been known that cavity-nest-
ing honey bees inhabit Sulawesi and the sur-
rounding islands of Indonesia. Maa (1953)
recognized a unique species of honey bee
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most of Asia. Recently two distinct popu-
lations of cavity-nesting honey bees were
verified in Sulawesi (Hadisoesilo et al.,
1995). Although sympatric in at least two
areas of Sulawesi, they do not appear to
hybridize, suggesting they are distinct
species.

Morphometric analyses have indicated
that the smaller, darker morph corresponds
to A. ceranaand the larger morph with yel-
lowish clypeus and legs corresponds to
A. nigrocincta(Hadisoesilo et al., 1995;
Damus and Otis, 1997). These species also
have different drone cell cappings. It is well
documented that A. ceranadrone cells are
sealed with a wax capping underlain by a
hard conical cocoon structure that contains a
central pore (Ruttner, 1988; Boecking et al.,
1999). In contrast, sealed A. nigrocincta
drone cells have only a thin wax capping
and lack the hardened cap with pore (Hadis-
oesilo and Otis, 1998). The timing of the
mating flights also differs between the two
species, with flights of A. ceranadrones
preceding and only slightly overlapping
those of A. nigrocinctadrones (Hadisoesilo
and Otis, 1996), thereby affecting almost
complete reproductive isolation between the
populations. These differences indicate that
they are two distinct species and that we
might expect to find other differences.

The chemical composition of the
mandibular glands of both honey bee queens
and workers have previously been analyzed
as a method to compare different species
(Plettner et al., 1997). In the queen, these
glands produce pheromone messages that
elicit the retinue of workers, attract drones
on mating flights, and are believed to control
several aspects of colony functioning (Win-
ston and Slessor, 1998). The functions of
the components in the worker mandibular
glands are attributed to food preservation
and larval nutrition (Winston, 1987).

In A. mellifera L., both female castes pro-
duce distinctive blends of compounds in
their mandibular glands with functionalized
aliphatic acids predominating in both castes

(Plettner et al., 1996; Plettner et al., 1998).
In mated queens, compounds functionalized
at the penultimate (ω-1) position of the chain
[(E)-9-oxodec-2-enoic acid (9-ODA) and
the two enantiomers of (E)-9-hydroxydec-2-
enoic acid (9-HDA)] predominate. In work-
ers, compounds functionalized at the termi-
nal (ω) position [10-hydroxydecanoic acid
(10-HDAA) and (E)-10-hydroxydec-2-enoic
acid (10-HDA)] predominate. The mandibu-
lar glands of A. melliferaqueens also pro-
duce several aromatic compounds of which
methyl p-hydroxybenzoate (HOB) and
4-hydroxy-3-methoxyphenylethanol (HVA)
account for the retinue attraction of the
queen mandibular glands when combined
with 9-ODA and 9-HDA (Slessor et al.,
1988). These compounds comprise the
queen mandibular pheromone for retinue
attraction in A. melliferabut do not account
for all of the retinue attraction or chemical
communication attributed to the queen
(Slessor et al., 1998; Winston and Slessor,
1998; Keeling et al., 2000a).

Unfortunately, the queen mandibular
pheromone of A. ceranahas not been so well
characterized. It is known that HVA is absent
from queen mandibular glands and does not
increase retinue attraction of A. ceranawork-
ers when added to the other three com-
pounds (Plettner et al., 1997). There has
been no analysis of the mandibular gland
composition of A. nigrocincta. In this study,
we quantitatively analyzed head extracts for
several mandibular gland components to
reveal any differences between the mandibu-
lar gland compositions of these closely
related species.

The compounds quantified in this study
include those previously quantified in other
studies (Plettner et al., 1997; Keeling et al.,
2000b) as well as some of the compounds
recently identified in A. melliferaqueen
mandibular glands (Engels et al., 1997;
Matsuyama et al., 1997; Keeling and
Slessor, unpublished observations). Apart
from those mentioned above, the compounds
quantified have not been reported to be
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University. Upon arrival, samples were
stored at –20 °C until extracted.

2.2. Extraction and analysis

Although all compounds analyzed orig-
inate within the mandibular glands, the
whole head was extracted because the ana-
lytes are leached from the intact mandibular
glands into the rest of the head by the ship-
ping solvent (Plettner et al., 1997). Bee
heads were crushed in the shipping solvent
and extracted with additional methanol.
Extracts were centrifuged briefly to remove
solids and then stored at –20 °C until ana-
lyzed.

Extracts were then analyzed as their
trimethylsilyl derivatives by gas chro-
matography-mass spectrometry in a man-
ner similar to Keeling et al. (2000b). Fifteen
of the compounds quantified were obtained
commercially as follows: 3-hydroxyoctanoic
acid (3-HOAA), methyl p-hydroxybenzoate
(HOB), 3-hydroxydecanoic acid (3-HDAA),
4-hydroxy-3-methoxyphenylethanol (HVA),
10-hydroxydecanoic acid (10-HDAA)
(E)-coniferyl alcohol, (E)-ferulic acid,
4-hydroxy-3-methoxyacetophenone, decane-
dioic acid (C10:0 DA), and (E)-4-hydrox-
ycinnamic acid from Sigma-Aldrich Canada
Inc. (Oakville, ON, Canada); 4-hydroxy-
acetophenone and 4-hydroxybenzoic acid
from Eastman Kodak Co. (Rochester NY
USA); (E)-9-oxodec-2-enoic acid (9-ODA),
(E)-9-hydroxydec-2-enoic acid (9-HDA),
and (E)-10-hydroxydec-2-enoic acid
(10-HDA) from PheroTech Inc. (Delta, BC,
Canada). The remaining four compounds
quantified were synthesized as follows:
8-hydroxyoctanoic acid (8-HOAA) by par-
tial oxidation of 1,8-octanediol (Plettner,
1995), dihydroconiferyl alcohol by hydrob-
oration-oxidation of eugenol (Fieser and
Fieser, 1967), dihydroferulic acid by hydro-
genation of (E)-ferulic acid (Fieser and
Fieser, 1967), and (E)-dec-2-enedioic
acid (C10:1 DA) by oxidation of 10-HDA
(Plettner, 1995).

pheromone components in any honey bee
species and may only represent differences
in biosynthetic pathways of the different
species and castes of honey bees. Most of
the aliphatic acids are biosynthetically linked
to the major queen and worker produced
acids (Plettner et al., 1996; Plettner et al.,
1998). The biosynthetic pathways of the
aromatic compounds HOB and HVA have
not been reported but the other aromatic
compounds quantified in this study are
potentially linked biosynthetically to these
pheromone components. As we learn more
about the mandibular gland biochemistry of
honey bees and test compounds for biolog-
ical activity in honey bee species other than
A. mellifera, some of these compounds may
be of importance in Apissemiochemistry.

2. MATERIALS AND METHODS  

2.1. Collection of specimens

Bees from both wild and managed
colonies were collected in September and
October of 1998 in Sulawesi, Indonesia. A.
nigrocinctawere collected from Bobo and
Rahmat, near Palu, in Central Sulawesi and
Air Mandidi and Kauditan, near Manado,
in Northern Sulawesi. A. ceranawere col-
lected from Bobo, Rahmat, and Lolu, in
Central Sulawesi. A forager, queen, and
nurse bee were collected from each colony.
The forager was collected first as she exited
the colony entrance. The colony was then
opened and the queen located. All queens
were mated and actively laying eggs (brood
of all stages was present in each colony). A
bee on the brood comb was taken as a nurse
bee. We could not dissect the mandibular
glands in the field so the bees were decapi-
tated with a razor blade (different blades for
each caste/species). The heads were placed
individually in glass vials (2 mL) pre-loaded
with methanol (200 µL) containing undec-
10-enoic acid (16 µg, Matheson, Coleman
and Bell, Norwood OH USA) as an inter-
nal standard and shipped to Simon Fraser
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Eleven standard solutions containing
trimethylsilyl derivatives of the internal stan-
dard and all analytes were used to calibrate
the response of the instrument with respect
to the internal standard over a 1024-fold
range of concentration for each analyte. We
used the mass spectrometer’s software capa-
bility to integrate peaks over specific masses.
Masses were chosen for each analyte based
on the fragmentation patterns of the
trimethylsilyl derivatives [typically M+ or
(M-15)+] and the absence of adjacent peaks
with similar masses. The masses for inte-
gration and the retention indices (van den
Dool and Kratz, 1963) for these derivatives
on the DB-5ms column were as follows
(mass, retention index): undec-10-enoic
acid (241, 1544), 3-HOAA (289, 1467),
4-hydroxyacetophenone (193, 1468),
HOB (193, 1490), 8-HOAA (289, 1614),
4-hydroxy-3-methoxyacetophenone (238,
1614), 4-hydroxybenzoic acid (267, 1622),
3-HDAA (317, 1647), HVA (312, 1701),
9-ODA (241, 1701), 9-HDA (315, 1785),
10-HDAA (317, 1805), dihydroconiferyl
alcohol (326, 1811), 10-HDA (315, 1858),
C10:0 DA (331, 1888), dihydroferulic acid
(325, 1888), (E)-coniferyl alcohol (324,
1933), (E)-4-hydroxycinnamic acid (308,
1934), C10:1 DA (329, 1937), and (E)-fer-
ulic acid (338, 2085). The retention indices
and MS fragmentation patterns of the syn-
thetic analytes matched those found in the
extract. Quantities reported in text are mean
± SE. To meet the requirements of normal-
ity and equal variances for parametric test-
ing, all measurements were transformed
by x’ = (x + 0.5)0.5 before statistical analy-
sis with JMP software (SAS Institute Inc.
1996).

3. RESULTS

3.1. Queens

The two species were significantly dif-
ferent in 10 of the 16 compounds detected
and quantified in the queens (Tab. I). Most

significantly,A. ceranaqueens had over four
times more HOB than did A. nigrocincta
queens. A. ceranaqueens had significantly
more ω-functionalized acids than A. nigro-
cincta for all compounds quantified
(8-HOAA, 10-HDA, 10-HDAA, C10:0 DA,
and C10:1 DA) except 8-HOAA. Of the two
(ω-1)-functionalized acids (9-ODA and
9-HDA), A. nigrocinctahad significantly
more 9-HDA than did A. cerana. As a result,
the 10-HDA/9-HDA ratios, an indication
of the weighting of the two parallel ω and
ω-1 biosynthetic pathways, were also sig-
nificantly different (0.53 ± 0.03 and 0.22 ±
0.02 for A. ceranaand A. nigrocinctarespec-
tively, t-test p < 0.0001). The following aro-
matic compounds that are found in A. mel-
lifera queens could not be detected in
A. ceranaor A. nigrocinctaqueens: HVA,
dihydroconiferyl alcohol, and (E)-coniferyl
alcohol.

3.2. Workers

When nurse and forager workers were
pooled together for each species, workers
of the two species were significantly dif-
ferent in 6 of the 11 compounds detected
and quantified in workers (Tab. II). A. nigro-
cincta workers had significantly more
ω-functionalized acids than did A. cerana
workers for all compounds quantified
(8-HOAA, 10-HDA, 10-HDAA, C10:0 DA,
and C10:1 DA) except 8-HOAA. The quan-
tities of the (ω-1)-functionalized acids
(9-ODA and 9-HDA) were not significantly
different between species but the 10-HDA/9-
HDA ratios were (5.39 ± 0.86 and 14.77 ±
2.29 for A. ceranaand A. nigrocinctarespec-
tively, t-test p < 0.0001). These observations
were the opposite of those seen in the queens.
HOB, 4-hydroxy-3-methoxyacetophenone,
dihydroferulic acid, (E)-4-hydroxycinnamic
acid, (E)-ferulic acid, HVA, dihydro-
coniferyl alcohol, and (E)-coniferyl alcohol
were not detected in any of the workers.

There were also differences between for-
agers and nurse bees (Tab. III). 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.

µg/queen (mean ± SE) t-testa

A. cerana A. nigrocincta

Compound (n = 14) (n = 12)
3-HOAA 0.87 ± 0.04 1.09 ± 0.25
4-hydroxyacetophenone 0.29 ± 0.04 0.10 ± 0.01 ***
HOB 43.6 ± 5.5 9.26 ± 2.98 ****
8-HOAA 12.9 ± 1.2 17.6 ± 4.2
4-hydroxy-3-methoxyacetophenone 16.0 ± 1.5 6.85 ± 1.63 ***
4-hydroxybenzoic acid 2.60 ± 0.39 4.83 ± 0.70 **
3-HDAA 0.44 ± 0.03 0.66 ± 0.18
9-ODA 110 ± 4 116 ± 7
9-HDA 61.5 ± 3.1 106 ± 8 ****
10-HDAA 4.22 ± 0.42 2.74 ± 0.23 **
10-HDA 32.7 ± 3.0 23.1 ± 2.4 *
C10:0 DA 10.5 ± 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 ± 3.4 **
(E)-ferulic acid 0.25 ± 0.02 0.24 ± 0.05

a t-test of (x + 0.5)0.5 transformed data, * = (p < 0.05), ** = (p < 0.01), *** = (p < 0.001), and **** = (p < 0.0001).

Table II. 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.

µg/worker (mean ± SE) t-testa

A. cerana A. nigrocincta

Compound (n = 24) (n = 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 ***
3-HDAA 0.33 ± 0.04 0.62 ± 0.09 **
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 9.42 ± 1.77 **
C10:0 DA 1.92 ± 0.32 3.86 ± 0.62 *
C10:1 DA 3.22 ± 0.59 6.48 ± 0.93 **

a t-test of (x + 0.5)0.5 transformed data, * = (p < 0.05), ** = (p < 0.01), *** = (p < 0.001).
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248Table III. Quantitative analysis of mandibular gland components in forager and nurse bee head extracts. Compounds listed in their order of elution as

trimethylsilyl derivatives from the DB-5ms GC column.

µg/worker (mean ± SE)*

Foragers Nurses

Compound A. cerana A. nigrocincta A. cerana A. nigrocincta
(n = 13) (n = 14) (n = 11) (n = 7)

3-HOAA 8.30 ± 1.29 b 9.55 ± 1.18 b 2.75 ± 0.99 a 7.32 ± 2.58 ab
4-hydroxyacetophenone 0.13 ± 0.02 b 0.14 ± 0.02 b 0.04 ± 0.01 a 0.09 ± 0.03 ab
8-HOAA 5.25 ± 1.25 a 7.20 ± 1.86 a 7.30 ± 1.64 a 9.51 ± 2.55 a
4-hydroxybenzoic acid 0.04 ± 0.00 a 0.07 ± 0.01 b 0.05 ± 0.01 ab 0.07 ± 0.01 b
3-HDAA 0.28 ± 0.04 a 0.55 ± 0.11 ab 0.38 ± 0.08 ab 0.76 ± 0.16 b
9-ODA 0.26 ± 0.05 b 0.10 ± 0.02 a 0.14 ± 0.03 ab 0.27 ± 0.07 b
9-HDA 0.35 ± 0.13 a 0.48 ± 0.15 a 1.77 ± 0.43 b 1.28 ± 0.43 ab
10-HDAA 1.24 ± 0.31 a 4.23 ± 0.91 b 4.30 ± 0.49 b 5.80 ± 1.52 b
10-HDA 1.64 ± 0.51 a 7.51 ± 2.11 b 5.81 ± 1.37 ab 13.2 ± 2.9   b
C10:0 DA 1.21 ± 0.27 a 3.25 ± 0.76 ab 2.77 ± 0.54 ab 5.08 ± 0.99 b
C10:1 DA 2.06 ± 0.57 a 5.51 ± 1.11 b 4.58 ± 0.98 ab 8.42 ± 1.52 b

* Means in each row followed by the same letter are not significantly different using Tukey-Kramer HSD of (x + 0.5)0.5 transformed data (p < 0.05).
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notable that queens of these closely related
species share every quantified compound.
The quantities of 9-ODA in particular,
believed to be the major queen sex
pheromone component of these and most
other honey bee species (Koeniger et al.,
1999) are identical. This may allow inter-
specific attraction of drones during their
slightly overlapping mating times. How-
ever, drones may discriminate between
queens of different species using additional,
presently unidentified, chemical cues pro-
duced by queens. An investigation of the
cross-attraction of drones to queen extracts
of both species is needed to establish repro-
ductive isolation based on differences in the
sex pheromone. The A. ceranaqueens were
dissimilar in the quantities of several com-
pounds to the newly mated A. ceranaqueens
from Malaysia previously analyzed (Plettner
et al., 1997). This suggests that, like mor-
phological variation, intra-specific chemi-
cal variation is high throughout A. cerana’s
large geographical range. Such variation is
also apparent between the different races of
A. mellifera(Crewe and Velthuis, 1980;
Pankiw et al., 1996).

Most of the aromatic compounds quan-
tified were queen-specific. In the mandibu-
lar glands of A. melliferaqueens, HVA,
dihydroconiferyl alcohol, and (E)-coniferyl
alcohol are easily detected but 4-hydroxy-3-
methoxyacetophenone can be found in only
trace amounts (Keeling and Slessor, unpub-
lished observations). Of these compounds,
only 4-hydroxy-3-methoxyacetophenone
was detected in the head extracts of A. cer-
ana and A. nigrocinctaqueens. As these
compounds are structurally related, it is
tempting to speculate that (a) they share a
common biosynthetic pathway and (b)
A. melliferadiffer from A. ceranaand
A. nigrocinctaby species-specific differ-
ences in this pathway. A better understand-
ing of the biosyntheses of the aromatic com-
pounds in the mandibular glands is needed.

The workers of these two species were
also significantly different. A. nigrocincta

compounds quantified were more abundant
in nurse bees than foragers. A. ceranafor-
agers were significantly different from
A. cerananurses in 4 of the 11 compounds
quantified whereas only 9-ODA was sig-
nificantly different between A. nigrocincta
foragers and nurses. The nurses were not
significantly different between species for
any compound quantified. A. nigrocincta
foragers had significantly more of 5 of the
11 compounds quantified than A. cerana
foragers.

3.3. Differences between queens
and workers

Queens had larger amounts of all aro-
matic compounds than did workers. The fol-
lowing aromatic compounds appeared
queen-specific for both species: HOB,
4-hydroxy-3-methoxyacetophenone, dihy-
droferulic acid, (E)-4-hydroxycinnamic acid,
and (E)-ferulic acid. As in A. mellifera,
queens had greater quantities of (ω-1)-func-
tionalized acids compared to workers but
unlike A. mellifera, queens also tended to
have greater quantities of ω-functionalized
acids than workers.

4. DISCUSSION

These two species of honey bees were
clearly distinguishable by the differences in
the mandibular gland components found in
their head extracts. Most obvious for queens
were the differences in quantities of HOB
and 9-HDA. A. ceranaqueens contained
more than four times the HOB and about
one half the 9-HDA of A. nigrocincta
queens. In addition, A. ceranaqueens had
relatively more ω-functionalized acids and
correspondingly less of the (ω-1)-function-
alized acid 9-HDA than A. nigrocincta
queens. The quantities of several aromatic
compounds also differed significantly
between species. However, when viewed
with respect to chemical similarities, it is
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workers had greater quantities of all the
ω-functionalized acids than A. ceranawork-
ers. Nurse bees also tended to have greater
quantities than did foragers. Unfortunately,
our understanding of the functions of these
compounds is rudimentary.

More than half of the compounds inves-
tigated in queens and workers showed sig-
nificant quantitative differences between
the two species. This quantitative analysis
supports the hypothesis that A. ceranaand
A. nigrocinctaare indeed separate species.
In addition, this analysis of the mandibular
gland components contributes to a better
understanding of the semiochemistry of this
important gland in Apis.
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Résumé – Analyse des composés de la
glande mandibulaire dans les extraits de
tête d’Apis cerana et Apis nigrocincta. Au
Sulawesi, Indonésie, deux populations dis-
tinctes d’abeilles mellifères nidifiant dans
des cavités ont récemment été reconnues
comme deux espèces séparées, Apis cerana
Fabr. et Apis nigrocinctaSmith, d’après
l’analyse morphométrique et les périodes de
vol des mâles. L’analyse chimique des
glandes mandibulaires décrite ici fournit une
autre comparaison entre ces deux espèces
étroitement apparentées. Chez la reine, ces
glandes produisent les messages phéromo-
naux qui déclenchent la cour des ouvrières,
attirent les mâles lors des vols d’accouple-
ment et régulent divers aspects du fonc-
tionnement de la colonie.

Des ouvrières et des reines fécondées des
deux espèces ont été prélevées dans le centre
et le nord du Sulawesi. Les têtes ont été
extraites au méthanol, puis une analyse
quantitative des composés suivants, sous la
forme de leurs dérivés triméthylsilylés, a
été effectuée par chromatographie en phase
gazeuse et spectrométrie de masse : l’acide
3-hydroxy octanoïque (3-HOAA), le
4-hydroxy acétophénone, le p-hydroxyben-
zoate de méthyle (HOB), l’acide 8-hydroxy
octanoïque (8-HOAA), le 4-hydroxy
3-méthoxy acétophénone, l’acide 4-hydroxy
benzoïque, l’acide 3-hydroxy décanoïque
(3-HDAA), le 4-hydroxy 3-méthoxyphé-
nyléthanol (HVA), l’acide (E)-9-oxo 2-décè-
noïque (9-ODA), l’acide (E)-9-hydroxy
décènoïque (9-HDA), l’acide 10-hydroxy
décanoïque (10-HDAA), l’alcool dihydro-
coniférylique, l’acide (E)-10-hydroxy
2-décènoïque (10-HDA), l’acide décane-
dioïque (C10:0 DA), l’acide dihydroféru-
lique, l’alcool (E)-coniférylique, l’acide
(E)-4-hydroxy cinnamique, l’acide (E)-2-
décènedioïque (C10:1 DA), et l’acide
(E)-férulique. L’HVA, l’alcool dihydroco-
niférylique et l’alcool (E)-coniférylique
n’ont été détectés dans aucun extrait de tête.
L’HOB, le 4-hydroxy 3-méthoxyacétophé-
none, l’acide dihydroférulique, l’acide
(E)-4-hydroxycinnamique et l’acide (E)-féru-
lique étaient spécifiques des reines chez les
deux espèces. Chez les reines, 10 des
16 composés détectés et quantifiés diffé-
raient significativement entre les espèces
(Tab. I). Sur les trois composés connus de la
phéromone royale des reines d’A. cerana
(9-ODA, 9-HDA et HOB), le 9-HDA et
l’HOB différaient significativement d’une
espèce à l’autre. Chez les ouvrières, six des
11 composés détectés et quantifiés diffé-
raient significativement (Tab. II). Chez les
deux types d’ouvrières d’A. nigrocincta, les
nourrices et les butineuses, la plupart des
composés quantifiés étaient présents en plus
grandes quantités que chez A. cerana. Les
nourrices et les butineuses différaient aussi
entre elles par quelques composés (Tab. III).
Les nombreuses différences observées dans
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HVA, Dihydroconiferylalkohol und (E)-Coni-
ferylalkohol wurden in keinem der Kopf-
extrakte nachgewiesen. HOB, 4-Hydroxy-3-
methoxyacetophenon, Dihydroferulasäure,
(E)-4-Hydroxyzimtsäure, und (E)-Feru-
lasäure waren spezifisch für Königinnen
beider Arten. Zwischen den Königinnenar-
ten waren 10 der 16 nachgewiesenen und
quantifizierten Komponenten signifikant
verschieden (Tab. I). Bei den 3 bekannten
„Hofstaatkomponenten“ des Pheromons der
Mandibeldrüsen von A. ceranaKöniginnen
(9-ODA, 9-HDA, and HOB), ergaben sich
bei 9-HDA und HOB Arten signifikante
Unterschiede zwischen den Arten. Bei
Arbeiterinnen unterschieden sich 6 der 11
nachgewiesenen und quantifizierten Kom-
ponenten signifikant (Tab. II). Bei A. nigro-
cincta Arbeiterinnen waren bei Ammen-
und Flugbienen fast alle Komponenten in
gröβeren Mengen vorhanden als bei
A. cerana. Bei einigen Komponenten der
Ammen und Sammlerinnen fanden sich
ebenfalls Unterschiede (Tab. III). Die vielen
nachgewiesenen Unterschiede in dieser
quantitativen Analyse unterstützen die
Hypothese, dass es sich bei A. ceranaund
A. nigrocinctawirklich um getrennte Arten
handelt. 

Apis cerana/ Apis nigrocincta/ Honig-
biene / Mandibeldrüse / Pheromone
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