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Abstract — Nestmate recognition is essential for maintaining colony integrity in social insects. To dis-
criminate between nestmates and non-nestmates, social insects use self-produced and environmen-
tally-acquired recognition cues. In honey bees, both types of recognition cues have been implicated.
We investigated the effect that floral oils (anethole, citronellal, limonene and linalool) have on the prob-
ability of nestmates and non-nestmates being accepted by guard bees at nest entrances. Floral oils did
not affect the probability of workers, either nestmates or non-nestmates, being accepted by guards.
However, the presence of floral oils did increase the time taken for a guard to reject an introduced bee.
These data show that guards are sensitive to floral oils, but use other recognition cues when assess-

ing colony affiliation.
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1. INTRODUCTION

The almost universal ability of social
insects to discriminate between *‘friends and
enemies’, or in more modern terms nest-
mate and non-nestmates, was recognised
over a century ago ([1]; reports made from
1875-1879). The production of the recog-
nition cues that allow this discrimination
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has since been extensively studied, and the
source of nestmate recognition cues in many
social insects is now known [4, 8, 13, 17,
18, 25]. In the honey bee (Apis mellifera),
workers discriminate between nestmates
and non-nestmates using both self-produced
[3, 6] and environmentally acquired cues
(see below). Self-produced cues, however,
are only important for intercolony recognition
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bee guards in an experimental situation that
was close to natural conditions. In particu-
lar, actual foraging-age workers were intro-
duced to guards at a nest entrance. Our data
show that the presence of floral oils did not
affect the probability that guards would
accept introduced workers, whether nest-
mates or non-nestmates. However, the time
taken for guards to reject nestmates and non-
nestmates did increase when introduced bees
were treated with floral oils.

2. MATERIALS AND METHODS

The behaviour of guards at the nest
entrance towards nestmate and non-nest-
mate workers that were either untreated or
treated with floral odours was observed. It
was predicted that floral odours would have
no effect on the probability of worker accep-
tance. This was because our experiment sim-
ulated a situation in which workers con-
tacted novel flower types, which is
presumably a common occurrence in nature.
Rejection of nestmates carrying novel
odours would be costly to the colony.

2.1, Study organism

Two queenright honey bee (A. mellifera)
colonies of mixed European race were stud-
ied at an apiary in Sheffield, England, in
August 1998. The colonies were housed in
standard Langstroth hives of two boxes, vol-
ume ca. 90 L, and consisted of a similar pop-
ulation (approximately 20 000-30 000 bees
per colony). To facilitate observations of
the hive entrance, each hive had a standard
‘long’ bottom board that extended 5 cm
beyond the hive front.

2.2. Treating workers
with floral odours

Returning foragers were collected at the
entrances of both hives, placed in individual
plastic vials and chilled (2 °C). When the
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chilled bees had become relatively immo-
bile (ca. 5 min) they were placed in plastic
petri dishes for floral odour treatment. Treat-
ment involved applying 1 pL of the test
material to the notum of each worker using
a micropipette (Finnpipette). The dishes
were vented to prevent any buildup of fumes
that may have been toxic to the bees. Pre-
liminary tests had established that 1 pl. of
pure floral oil was lethal. As a result, floral
oils were diluted in acetone. One-third of
the workers were left untreated, one-third
were treated with 1 puL of a 10% (v/v) solu-
tion, and one-third with 1 Pl of 2 0.1% (v/v)
solution. Two doses were used so that it was
possible to test for any possible effects of
floral odour concentration. Floral oils were
anethole, citronellal, limonene and linalool
(all obtained from Sigma), and were selected
as being representative of floral oils pro-
duced by many flowers [16]. Acetone was
used as a solvent because preliminary tests
had shown no significant difference between
the acceptance of nestmates treated with
1 pLL of acetone versus untreated nestmates,
and between non-nestmates treated with
1 L of acetone and untreated non-nest-
mates (untreated nestmates versus acetone-
treated nestmates: 60% versus 65% accep-
tance; %2 = 0.21; P > 0.05, n = 80; untreated
non-nestmates versus acetone-treated non-
nestmates: 2.5% versus 5%; %2 = 0.35;
P >0.05, n = 80). In addition, 1 pL of ace-
tone did not kill the treated bees or result in
any apparent change in their behaviour. Fol-
lowing treatment, the bees were put back
into individual vials and chilled (2 °C) ready
for introduction within 2 h.

2.3. Acceptance by guard bees

Acceptance by guards was measured by
observing the interactions between a natu-
rally-occurring guard at the hive entrance
and an introduced forager. The foragers were
removed from the refrigerator and used for
introductions once they had warmed up suf-
ficiently so they could walk but not fly. The
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Three hundred and sixty workers were
used for each of the four floral oils, i.e.,
1 440 introductions in total. This consisted,
per colony of the following: 30 untreated
nestmates; 30 nestmates + 1 uL of 10%
solution X 4 oils; 30 nestmates + 1 plL. of
0.1% solution X 4 oils; 30 untreated non-
nestmates; 30 non-nestmates + 1 pL of 10%
solution X 4 oils; and 30 non-nestmates
+1 pL of 0.1% solution X 4 oils. The study
was performed during July and Aungust 1998
on days when the bees were foraging.

3. RESULTS

3.1. Effect of floral odours
on acceptance probability

Figure 1 shows that the acceptance of
nestmates and non-nestmates was little
affected by the concentration of floral oil
when compared to controls. Analysis of vari-
ance (Tab. I) confirmed that there was no
effect of colony or oil. We therefore com-
bined the data across both colonies and flo-
ral oils to investigate the effect of treatment
(Fig. 1). As expected, there was a highly
significant difference between nestmate and
non-nestmate acceptance (83% versus 22%)
(2= 180.45; d.f. = 1; P < 0.00005; n = 480)
(Fig. 1). This discrimination is important
because under conditions of extremely high
availability of nectar, honey bee guards
accept all nestmates and non-nestmates
(Downs and Ratnieks, unpubl. data). Such



