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Abstract – Brood ester pheromone (BEP) is a pheromone emitted by developing larvae in a honey bee (Apis
mellifera) colony. It has been shown to have multiple potential commercially beneficial effects on worker
physiology and behaviour, but like other bee pheromones, its effects are likely context dependent. To better
understand the utility of BEP treatment, we examined the effects of BEP treatment in an apicultural setting
(using a SuperBoost BEP treatment) in two contexts: in newly established colonies from bee packages in the
summer and on large, established colonies in the autumn. We found that in small, newly established colonies,
BEP treatment had no effect on colony growth (measured as brood cover). Further, BEP treatment decreased
overall foraging activity and the proportion of pollen foragers. In established colonies, BEP had no effect on
brood cover or foraging behaviour later in the season. Our data show that BEP treatments can change the
behaviour of bees, but these can only translate into improved colony conditions if other factors are not limiting
of colony performance.
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1. INTRODUCTION

Brood ester pheromone (BEP) is a phero-
mone emitted by developing larvae in the honey
bee (Apis mellifera) colony. BEP has been
chemically characterised and contains 10 meth-
yl and ethyl fatty acid esters (Le Conte et al.
1990). It has been shown to have multiple
effects on worker physiology and behaviour,
many of which could translate into commercial
benefits for beekeepers. Consequently, there has
been a great deal of interest in the sociobiolog-
ical effects of BEP and its possible commercial
application (Sagili and Pankiw 2009; Sagili et
al. 2011; Lait et al. 2012; Sagili and Breece
2012).

Adding synthetic BEP to colonies has been
shown to affect worker bee physiology by
inhibiting worker ovary activation (Arnold et al.
1994;Mohammedi et al. 1998) and altering protein
levels in brood-food-producing glands (Peters et al.
2010). BEP affects worker behaviour by increasing
the activity of existing foragers, particularly pollen
foragers (Pankiw et al. 1998; Pankiw and Page
2001; Pankiw 2007; Pankiw et al. 2008; Sagili and
Pankiw 2009; Sagili et al. 2011). It increases brood
rearing (Pankiw et al. 2004; Sagili et al. 2011) and
stimulates the capping of cells containing mature
larvae (Le Conte et al. 1990).

Most studies concerning BEP function were
necessarily performed in a controlled setting using
small experimental colony units replicated in size
and condition. In these experiments, BEP was
applied daily on glass slides (Barron et al. 2002;
Pankiw et al. 2004; Sagili and Pankiw 2009;
Peters et al. 2010; Sagili et al. 2011) or dissolved

Corresponding author: M. Peso,
marianne.peso@mq.edu.au
Manuscript editor: Stan Schneider

Apidologie (2014) 45:529–536 Original article
* INRA, DIB and Springer-Verlag France, 2014
DOI: 10.1007/s13592-014-0270-9

http://dx.doi.org/10.1007/s13592-014-0270-9


in bee candy (Arnold et al. 1994; Le Conte et al.
2001) and applied for a fixed, and sometimes
brief, amount of time. These studies have yielded
our understanding of the basic semiochemistry of
BEP, which suggested important potential apicul-
tural applications of BEP to manage bee behav-
iour to a commercial benefit. However, daily
application of BEP is not practical under com-
mercial apiary conditions. To resolve this, a slow-
release system has been developed for the long-
term administration of BEP to commercial bee
colonies (Pankiw et al. 2011). SuperBoost (SB)
(ConTech, Delta, BC, Canada) releases BEP
through a porous membrane when contacted by
worker bees (Moeri et al. 2011; Lait et al. 2012;
Sagili and Breece 2012). Each application is
expected to deliver BEP at biologically relevant
concentrations for up to 5 weeks (Lait et al. 2012).

Worker responses to BEP are highly dependent
on the social context and the colony condition.
For example, when exposed to BEP, forager bees
can increase their level of foraging activity (but
not always, see Pankiw 2004), or may change
their foraging specialisation (Pankiw et al. 1998;
Pankiw et al. 2004; Pankiw 2007; Pankiw et al.
2011), while nurse bees increase their nursing
capability (but only in combination with a queen
mandibular pheromone) (Peters et al. 2010).
Furthermore, BEP has complex effects on the
behavioural development of bees, in some cases
accelerating and in others delaying the onset of
foraging (Le Conte et al. 2001). The social
environment of a small controlled experimental
colony is not the same as a larger standard
apiculturally managed colony, and because social
factors can influence how bees respond to BEP, it
is not clear which effects of BEP supplementation
are most likely to be seen in an apicultural setting.

To date, three studies have examined the
effects of BEP supplementation using SB
applied under representative apicultural condi-
tions. Two of the studies were conducted on
established colonies (Moeri et al. 2011; Sagili
and Breece 2012) and one on colonies that were
newly established from packages (Lait et al.
2012). Thus far, results have varied between
studies. In established colonies, BEP treatment
resulted in increased brood production (Moeri et

al. 2011; Sagili and Breece 2012). In new
colonies, BEP supplementation significantly
increased honey production, but while a trend
to higher brood production was seen, this was
not statistically significant (Lait et al. 2012).

Our objective here was to further analyse the
effects of BEP supplementation with SB in both
new and established colonies and carefully
examine the impacts of BEP treatment on both
foraging behaviour and colony growth.
Detailing how individual bees reacted to the
treatment would help us comprehend colony-
level responses to the treatment and may clarify
why the reported effects of BEP have varied.

We examined the effects of BEP on colony
growth and foraging in two contrasting, but
apiculturally relevant, contexts. First, we exam-
ined the effects of BEP in newly established
colonies from ‘bee packages’ (as in Lait et al.
2012). These are commercially available boxes
containing one queen and 2.26 kg of worker bees
that have been shaken off frames from a strong
colony when the foraging force is away, resulting
in a package of relatively young bees (Naumann
and Winston 1990). It is a common practice for
beekeepers to establish new colonies from pack-
ages in the spring when developing a new apiary.
Given the results presented in Lait et al. (2012),
we did not expect treatment to increase brood
production significantly in this experiment. We
did expect that treatment with BEP would
increase foraging in these colonies, as BEP
treatment has increased overall foraging activity
and pollen foraging in a number of studies in
small experimental colonies (Barron et al. 2002;
Pankiw 2004) and in commercial colonies
(Pankiw et al. 2011; Lait et al. 2012).

Second, in autumn we examined established
colonies occupying two 8-frame Langstroth boxes
that had completed several brood cycles through-
out the summer. These colonies had a demograph-
ic profile typical of managed commercial bee
hives and varying amounts of brood (from 0.8 to
3.85 frames of capped brood). Under these
conditions, we expected that colonies treated with
BEP would experience increased growth (Moeri
et al. 2011; Sagili et al. 2011) and increased
overall and pollen foraging consistent with tests of
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BEP inmore controlled colony situations (Pankiw
et al. 1998; Pankiw 2004; Sagili et al. 2011).

2. METHODS

2.1. Experiment 1: effects of brood ester
pheromone in newly established hives

2.1.1. Colony establishment

This experiment was conducted in a commercial
apiary (Austrapi Pty Ltd.) in Oberon, NSW, Australia, in
the early summer of 2009. Eighty colonies from the 100-
colony apiary were randomly selected for brood cover
analysis. These colonies were established from commer-
cial packages on December 21 (early summer in
Australia) in single-level eight-frame Langstroth hives
containing empty drawn comb free of honey, brood and
pollen. Forty of the colonies were treated with SB
attached to frames in the centre of the hive box (usually
where a brood is found, but these colonies were
broodless) according to ConTech instructions, while the
other 40 control colonies were left untreated. The BEP
blend in SB contains (percent by mass) 2.11 % methyl
palmitate, 4.19% ethyl palmitate, 17.3%methyl stearate,
8.04 % ethyl stearate, 21.66 %methyl oleate, 7.5 % ethyl
oleate, 3.82 % ethyl linoleate, 16.53 % methyl linolenate
and 10.77 % ethyl linolenate. The SB membrane is
estimated to release 1.6 mg of pheromone per day
(approximately 2,417 larval equivalents) (Borden 2011).
SB releases synthetic BEP for 5 weeks (Borden 2011).

2.1.2. Evaluation of brood cover in the hive

To examine the effect of BEP treatment on colony
growth, we photographed the experimental colony
frames with capped brood 3 and 5 weeks after
pheromone treatment. If the queen started laying
eggs right at colony establishment, after 3 weeks she
would have completed her first brood cycle. By
photographing at this time point, we were capturing
her first laid brood while in the pupal stage and
covered with an obvious wax cap and thus easy to
score. We photographed the frames again at 5 weeks
to observe any potential changes in brood cover over
the total period of SB function (Borden 2011).

In order to quantify the amount of capped brood
on each colony, we estimated the amount of capped

brood cover (accurate to 10 %), from the photographs
for both sides of each frame in the colony. We added
these values together to produce a single value—the
number of frames covered with capped brood for
each hive. To validate the estimation method, ImageJ
software was used to scale the photos, and the brood
area was calculated in centimetres squared by
enclosing the brood area with an outlining tool.
Three independent observers conducted ImageJ mea-
surements of the capped brood. We conducted a
correlation between the brood area estimates (con-
verted to centimetres squared) to the ImageJ mea-
sures. Since the estimated values were highly
correlated with the ImageJ values (Pearson correla-
tion; r=0.871, P<0.0001, N=29), we employed the
estimation method for this study.

2.1.3. Foraging observations

Of the 80 experimental hives in this experiment,
16 were selected randomly (using a random number
table) for foraging observations. Two observers
recorded data for eight replicate colonies of the two
experimental treatments. A single BEP-treated colony
was removed from the analysis due to queen death
early in the experiment, leaving 15 colonies for
behavioural analysis.

Behavioural observations were conducted from
January 10 to January 18, 2010. Each hive entrance
was observed for 20 min per day, split into two 5-min
periods in the morning (09:00–12:00) and two 5-min
periods in the afternoon (13:00–16:00) with at least
75 min between observations. Observers covered the
hive entrance with a metal mesh leaving only a
narrow opening so the returning foragers were easier
to see. The number of pollen foragers (easily
distinguished by the pollen balls on their corbiculae)
and non-pollen foragers entering the hive were
recorded during each observation period.

2.2. Experiment 2: effects of supplemental
brood ester pheromone on workers
in established hives

2.2.1. Colony establishment

Two weeks prior to this experiment, 100 (different)
standard commercial colonies (two-level Langstroth
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eight-frame hives) were moved to a field in Burraga,
NSW, Australia (50-km southeast of Oberon). The
queen was confined to the bottom level of the hive with
a queen excluder mesh; ensuring brood production was
confined to the lower level of the hive. On March 16,
2010 (early autumn), we randomly selected 60 colonies
from this 100-colony commercial apiary; half were
treated with SB on one of the centre frames as in
experiment 1, while half were left untreated.

2.2.2. Evaluation of brood cover
in established hives

We photographed the frames containing capped
brood in 60 hives (30 treated with BEP and 30
without) on the day we put in the pheromone
treatment and again after 3 weeks. We started the
experiment colonies with varying amounts of brood
in order to test the effects of BEP treatment with SB
under conditions that beekeepers would regularly
experience. To account for varying colony size, we
did two different things: (1) measured a large number
of colonies and (2) measured the total amount of
brood in each colony (as in experiment 1) as well as
the difference in brood cover from before and after
3 weeks of treatment, therefore addressing absolute
brood area as well as change in brood area over the
course of the experiment. We did not need to do this
for colonies in experiment 1, as there was no brood
present at the start of that experiment.

2.2.3. Behavioural observations

Fourteen colonies were randomly selected from
the 60 colonies used in this experiment for behav-
ioural observation (with a random number table):
seven with BEP treatment and seven without.
Observations on the number of pollen and non-
pollen foragers were conducted using the same
protocol as in experiment 1 from March 26 to April
4, 2010.

2.2.4. Statistical analysis

For both experiments, differences in brood cover
between treatments were checked for normality and
analysed using t tests. For experiment 1, differences
in total number of foragers observed daily over the

observation period between treatments were analysed
using a general linear mixed model. The model
included BEP treatment as a predictor variable and
hive ID as a random variable since hives were
observed across multiple days. The distribution of
the total number of foragers was log transformed in
order to achieve normality. Differences in the
proportion of pollen foragers between treatments in
experiment 1 were tested using a binomial general-
ised linear mixed model using the same predictors as
in the analysis of the total number of foragers.

For experiment 2, the total number of foragers was
log transformed and analysed using a general linear
model, with BEP treatment used as a predictor
variable and hive ID set as a random factor. The
proportion of pollen foragers was analysed with a
binomial generalised linear model. Statistical analy-
ses were conducted using R and GraphPad Prism.

3. RESULTS

3.1. Experiment 1: effect of BEP
on the amount of capped brood

BEP treatment had no effect on the amount
of capped brood in the colonies after 3 weeks
(unpaired t test: t=0.273, P=0.785, N=73) or
after 5 weeks (unpaired t test: t=0.862, P=
0.391, N=73, Figure 1).

3.1.1. Experiment 1: effect of BEP
on foraging behaviour

In colonies treated with BEP, there were
significantly fewer foragers (generalised linear
mixed model (GLMM), t=−2.349, degrees of
freedom (d.f.)=13, P=0.035, Figure 2a) and a
lower proportion of pollen foragers (binomial
GLMM, z=2.44, d.f.=1, P=0.014, Figure 2b)
than in untreated colonies.

3.1.2. Experiment 2: effect of BEP
on the amount of capped brood

Three weeks of BEP treatment had no effect
on the total amount of capped brood found in
the colony (unpaired t test: t=1.320, P=0.192,
N=56, Figure 3a). When the change in capped
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brood over the treatment period was examined
(by taking the final brood cover from the colony
frames and subtracting it from the initial brood
cover), in both BEP treated and untreated
colonies, there was a decline in brood area
during this period. While this decline was less
in BEP-treated colonies than in controls, this
difference was not statistically significant (un-
paired t test: t=1.969, P=0.054, N=56,
Figure 3b).

3.1.3. Experiment 2: effect of BEP
on foraging behaviour

In the second experiment, BEP treatment had
no effect on the total number of foragers
observed (GLM, t=2.056, d.f.=12, P=0.117,
Figure 4a) and furthermore had no effect on the
proportion of pollen foragers (binomial GLM,
z=−0.056, d.f.=1, P=0.956, Figure 4b).

4. DISCUSSION

In this study we examined the effect of BEP
treatment on brood cover and foraging behav-
iour in two experiments representing two
contrasting conditions. In experiment 1, con-
ducted early in the season, colonies were newly

established from packages. In this experiment,
BEP treatment had no effect on brood production
(Figure 1) and decreased foraging activity
(Figure 2a) as well as the proportion of pollen
foragers (Figure 2b). Experiment 2 was conducted
late in the season, in established colonies. Here,
BEP had no effect on the absolute amount of
capped brood present at the end of the experiment
or on the change in brood cover over the treatment
period (Figure 3). BEP treatment had no effect on

Figure 1. Mean (±S.E.M.) number of brood frames
covered with capped brood cells after 5 weeks of
BEP treatment in experiment 1 (N=73). BEP treat-
ment had no effect on colony growth in this
experiment

Figure 2. a Mean (±S.E.M.) number of foragers in
colonies treated with BEP (BEP+) and without BEP
(control) observed during experiment 1 (N=15). BEP
decreased overall foraging activity in treated colo-
nies. b Mean (±S.E.M.) proportion of pollen foragers
in colonies treated with BEP (BEP+) and without
BEP (control) observed during experiment 1. BEP
decreased the proportion of pollen foragers in treated
colonies. * indicates significant differences
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foraging activity (Figure 4a) or on the proportion
of pollen foragers (Figure 4b).

In experiment 1, BEP treatment had no effect
on brood cover. In colonies established from
packages, the colony consists of a relatively
small population of middle-aged bees. Evidence
indicates that small colonies behave differently
to large colonies, devoting all of their energetic
resources to survival rather than growth
(Rueppell et al. 2009). It is likely that added
BEP cannot enhance colony growth in small
colonies that are unable to allocate resources to
growth.

Our results examining foraging in experiment
1 were unexpected. In highly controlled lab
experiments, several studies have shown in-
creases in overall foraging and pollen foraging
in BEP-treated colonies (Pankiw et al. 1998;
Pankiw and Page 2001; Pankiw 2007; Pankiw
et al. 2008; Sagili and Pankiw 2009; Sagili et al.
2011). But in experiment 1, we saw that BEP
treatment decreased overall foraging and pollen
foraging in colonies established from packages.

Figure 3. a Mean (±S.E.M.) number of brood frames
covered with capped brood cells after 3 weeks of
BEP treatment in experiment 2 (N=56). b Mean
(±S.E.M.) difference in brood cover (brood cover
before treatment − brood cover after treatment) over
the course of 21 days in experiment 2. BEP had no
effect on brood area in treated colonies

Figure 4. a Mean (±S.E.M.) number of foragers in
colonies treated with BEP (BEP+) and without BEP
(control) observed during experiment 2 (N=14). BEP
had no effect on foraging in treated colonies. b Mean
(±S.E.M.) proportion of pollen foragers in colonies
treated with BEP (BEP+) and without BEP (control)
observed during experiment 1. BEP had no effect on
the proportion of pollen foragers observed in these
colonies
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Some responses to BEP are highly dose
dependent. For example, high doses of BEP
have been shown to delay foraging in workers
(Le Conte et al. 2001), whereas low doses
accelerate it (Le Conte et al. 2001). It is possible
that the BEP dose in SB is not optimised for
small package colonies and may have triggered
a delay in foraging onset in most bees resulting
in reduced overall foraging activity. But we
caution that this unexpected result needs inde-
pendent verification.

In experiment 2, conducted on established
colonies, BEP had no significant effect on the
absolute amount of brood present at the end of the
experiment. This is contrary to some previous
studies. Sagili and Breece (2012) and Pankiw et
al. (2011) (who used an SB prototype for BEP
administration) found increased brood area in
established colonies treated with BEP in the
autumn. Moeri et al. (2011) treated established
colonies in the early spring and also observed
colony growth in colonies containing BEP. In our
study any effect of BEP supplementation on
brood production was small, relative to the
observed variation in brood across our experi-
mental colonies. This is similar to data reported by
Lait et al. (2012), which also observed a trend to
increased brood production in new colonies with
BEP, but this was not statistically significant. Our
data would suggest that there is no clear effect of
BEP on brood production; however, considering
all studies reported so far (Moeri et al. 2011; Lait
et al. 2012; Sagili and Breece 2012), we suggest
that BEP treatment has a greater effect on colony
growth in established colonies than in package
colonies.

When we treated colonies with BEP in
experiment 2, foraging behaviour was not
affected. When testing an SB prototype,
Pankiw et al. (2011) found increased foraging
activity and increased pollen foraging in treated
colonies. Measured foraging activity is depen-
dent on both the availability of resources in the
environment as well as the motivation of bees to
collect those resources. BEP would have no
effect on foraging activity if there were no
available nectar and pollen to collect, and
fluctuations in these resources could obscure

the measurable effects of BEP. The colonies in
experiment 2 experienced a pollen dearth prior
to the experiment and were moved to an area
where pollen was abundant 2 weeks before we
began observations. Colonies with experimen-
tally lowered pollen stores enhanced their
foraging effort significantly, both with existing
pollen foragers increasing their collection rate
and new pollen foragers entering the foraging
force (Fewell and Winston 1992). It is possible
that the colonies in our study were already
foraging for pollen at maximum capacity to
compensate for earlier pollen deprivation, and
BEP treatment could not in this circumstance
further increase pollen foraging. Further testing
of BEP on established colonies will resolve the
circumstances under which BEP might enhance
foraging activity.

Our data caution how the behaviour of
individual bees and colony growth trajectories
are influenced by multiple factors simultaneous-
ly. Our data show that BEP treatments can
change the behaviour of bees, but these can
only translate into improved colony conditions
if other factors are not limiting of colony
performance.
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