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Abstract – Vibro-acoustic communication is used by honey bees in many different social contexts. Our pre-
vious research showed that workers interact with their queen outside of the swarming period by means of 
wing-beating behaviour. Therefore, the aim of this study was to verify the hypothesis that the wing-beating 
behaviour of workers attending the queen stimulates her to lay eggs. The behaviour of workers and the queen 
was recorded using a high-speed camera, at first in the presence of uncapped brood in the nest and then without 
one. None of the queens performed wing-beating behaviour. On the other hand, the workers attending the queen 
demonstrated this behaviour two times per minute, on average, even in the presence of uncapped brood in the 
nest. After removing the combs with the uncapped brood, the incidence of wing-beating behaviour increased 
significantly to an average of four times per minute. Wing-beating behaviour did not differ significantly in its 
characteristics when uncapped brood was present or absent in the nest. During 3 days after removing the combs 
with the uncapped brood, there was no significant increase in the rate of egg lying by the queen. Therefore, the 
results presented here do not convincingly confirm that the wing-beating behaviour of workers affects the rate 
of queen’s egg-lying. This negative result can be related to colony disturbance and longer time required by the 
queen to increase egg production.

egg-laying rate / high-speed camera / honey bees / social interactions / uncapped brood / wing-beating 
behaviour

1.  INTRODUCTION

The western honey bee (Apis mellifera) is a 
highly social species which forms colonies con-
sisting of thousands of cooperating individuals. 
Their cooperation can only be productive if they 
effectively communicate with each other. Most of 
the interactions between honey bees occur inside 
the nest in darkness, where visual communication 
is not possible. In this situation, their communica-
tion is mainly based on chemical (for review see 

Slessor et al. 2005; Alaux et al. 2010; Richard 
and Hunt 2013; Bortolotti and Costa 2014) and 
vibro-acoustic (for review see Kirchner 2006; 
Hrncir et al. 2006; Hunt and Richard 2013) sig-
nals. However, the latter form of communication 
is still poorly understood.

The known vibro-acoustic signals include 
queen piping (Wenner 1962a; Grooters 1987; 
Michelsen et al. 1986b), worker piping (Ohtani 
and Kamada 1980; Pratt et al. 1996; Seeley and 
Tautz 2001; Schlegel et al. 2012), stop signal 
(Michelsen et al. 1986a; Nieh 1993; Schlegel 
et al. 2012), buzz-run signal (Rangel and Seeley 
2008; Rittschof and Seeley 2008), waggle dance 
vibrations (Wenner 1962b; Wenner et al. 1967; 
Michelsen et al. 1986a, 1987; Waddington and 
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Kirchner 1992; Seeley and Visscher 2008) and 
a shaking signal (also called vibration signal; 
Allen 1958, 1959; Ghal 1975; Painter-Kurt and 
Schneider 1998a, b). Most of these signals (except 
the shaking signal) are generated by rapid con-
tractions of the antagonistic flight muscles. The 
thoracic vibrations are transformed into substrate 
vibrations and airborne sounds. These vibrations 
can be also transmitted directly by pressing the 
thorax against another bee (Simpson 1964; Esch 
and Wilson 1967; Michelsen et al. 1987; Tautz 
1996; Seeley and Tautz 2001; Hrncir et al. 2008). 
The shaking signal, by contrast, is produced by a 
worker rapidly vibrating her body dorso-ventrally 
whilst grasping another bee or a queen cell (Ghal 
1975).

The vibro-acoustic signals were mostly studied 
with the use of microphones (Wenner 1962a, b, 
Wenner et al. 1967; Ohtani and Kamada 1980; 
Michelsen et  al. 1986a,  b, 1987; Pratt et  al. 
1996; Seeley and Tautz 2001) and less often 
using laser vibrometers (Michelsen et al. 1986a,  
b; Hrncir et al. 2008) or accelerometers (Ramsey  
et  al. 2017, 2020). However, our previous  
research (Łopuch and Tofilski 2017a, b, 2019, 
2020) proved that recording honey bee behaviour 
with a high-speed camera is a simple and use-
ful alternative. This technique allows to observe 
high-frequency vibro-acoustic signals produced 
by flight muscles. The contractions of the flight 
muscles induce oscillations of the wings (Hrncir 
et al. 2008). As frequency of these oscillations 
is relatively high (100–500 Hz), they cannot be 
observed with the naked eye. However, when 
high-speed recording is played at low speed, the 
oscillations of wings called wing beats (Łopuch 
and Tofilski 2017a) are clearly visible (Online 
Resource 1). Wing beats were detected during 
stop signal, buzz-run signal, queen and worker 
piping signals (Łopuch and Tofilski 2019) and 
waggle dance (Łopuch and Tofilski 2017a, b, 
2020). The high-speed video recording allows to 
detect a source of vibro-acoustic signal among 
a large group of bees in the nest, and it provides 
information about the behaviour of a vibrat-
ing bee and its surroundings. Using high-speed 
video recording, it is possible to precisely analyse 
and measure characteristics of wing vibrations 

generated by bees including frequency and pulse 
duration.

It is well known that workers communicate with 
their queen during swarming (Allen 1958, 1959; 
Grooters 1987; Painter-Kurt and Schneider 1998a; 
Pierce et al. 2007). Our previous research showed 
that workers also generate wing beats in direct 
contact with the queen outside of the swarming 
period (Łopuch and Tofilski 2019); however, the 
meaning of those interactions remains unknown. 
Outside of the swarming period the two main tasks 
of the queen are egg laying and production of pher-
omones. The pheromones inform colony members 
about presence of the queen and elicit retinue for-
mation (Slessor et al. 2005). They are probably 
produced at a constant rate, and it seems unlikely 
that workers are involved in regulation of their 
production. On the other hand, the egg-laying rate 
changes over year (Koeniger 1986) and needs to be 
adjusted to colony capability. Therefore, it is more 
likely that the wing-beating behaviour of workers 
in the presence of the queen is involved in regu-
lation of her egg production. The mechanism for 
controlling the queen’s egg-laying rate is not well 
understood. The egg-laying rate may be controlled 
by the feeding of the queen (Allen 1960) and/or by 
the rate at which comb cells are prepared for egg 
deposition (Free and Williams 1972). It was also 
observed that a queen’s egg-laying rate depends 
on the presence of brood pheromones emitted by 
developing larvae, which not only increased egg 
production by the queen but also the queen’s feed-
ing time and the time spent by workers cleaning 
the cells (Sagili and Pankiw 2009). Importantly, 
the brood pheromones emitted by larvae have 
many different effects on honey bee colonies, 
including increasing colony pollen foraging (Metz 
et al. 2010; Pankiw et al. 1998), initiating forag-
ing by individual workers (Le Conte et al. 2001), 
brood rearing (Sagili and Pankiw 2009), nursing 
behaviour (Traynor et al. 2014, 2015), capping of 
the cell (Le Conte et al. 1990) and suppressing 
ovary activation in workers (Traynor et al. 2014).

Based on the observations that workers 
interact with the queen outside of the swarm-
ing period (Łopuch and Tofilski 2019), it was 
hypothesised that the wing-beating behaviour of 
workers in the presence of the queen is involved 
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in regulation of her egg laying. In the present 
study, therefore, it was predicted that a lack of 
uncapped brood in the nest will increase the inci-
dence of worker wing-beating behaviour in the 
presence of their queen, as well as the incidence 
of egg-laying by the queen. In order to verify this 
prediction, the behaviour of workers and their 
queen was recorded in the presence and then in 
the absence of uncapped brood in the nest.

2. � MATERIALS AND METHODS

2.1. � Honey bees

The experiment was performed on three col-
onies of honey bees housed in the observation 
hives at the laboratory of the University of Agri-
culture in Krakow. The observation hives con-
sisted of six frames, two of which were located 
behind glass walls that allowed the honey bees 
to be recorded. These two frames were separated 
from the other frames located above them in the 
hive body by a queen excluder. The queen was 
able to move on the two frames, and her inter-
actions with workers could be recorded. Each 
colony consisted of about 12,000 bees. Neither 
colony showed any symptoms of diseases or 
parasites other than a Varroa mite infestation, 
which was below treatment threshold because it 
had been controlled by an acaricide in the previ-
ous season. The guidelines for the care and use 
of animals were followed (Guidelines for the use 
of Animals 2020).

2.2. � Data collection

During the first 3 days, the behaviour of the 
queen and the workers was recorded in the pres-
ence of brood in all colonies. This was the con-
trol phase. On the fourth day of the experiment, 
the combs with uncapped brood were removed 
and replaced by combs without brood in all colo-
nies. The behaviour of the queen and workers 
was continued to be recorded for the next 3 days 
in the absence of uncapped brood. This was the 
experimental phase. On the fourth day of the 

experiment, the bees were recorded approxi-
mately 2–3 h after the combs with uncapped 
brood were removed from the nest so that the 
bees had time to calm down and return to their 
activities. Each phase lasted 3 days to collect 
sufficient data about the behaviour of the queen 
and the workers and to decrease the potential 
impact of variability in the bees’ behaviour dur-
ing the experiment, which was performed under 
managed conditions with one manipulation con-
nected with removal of uncapped brood, but also 
with bees freely flying in and out of the hive.

The social interactions between the queen and 
the workers were recorded with a high-speed 
camera (Phantom MIRO eX4, Vision Research, 
Inc. USA). A LED lamp (LEDIM616, 50 W, 
Ledim, Poland) was used as the white light 
source because it does not emit much heat and 
does not disturb the behaviour of honey bees by 
flickering. Videos were recorded with a sample 
rate of 2000 frames per second (fps) at a reso-
lution of 512 × 384 pixels. Each frame lasted 
500 µs, and each recording lasted 7.2  s. The 
video recordings were made and analysed using 
PCC software, version 2.6 (Vision Research, 
2015).

Video data were collected in June from 10.00 
to 16.00. In Colonies A, B and C, a total of 166, 
172 and 174 recordings were made, respectively. 
On each day of the experiment, 29 recordings 
were made on average in each of the colonies. 
The interval between two consecutive recordings 
was 10 to 15 min. In total, there were 512 record-
ings, and their combined duration was 64.1 min.

2.3. � Data analysis

In each recording, the queen and the workers 
surrounding her were visible. We defined work-
ers in direct proximity of the queen with their 
heads oriented towards her as the queen’s retinue. 
The behaviour of the queen and the workers from 
her retinue was analysed. In all recordings, the 
incidence of wing-beating behaviour was deter-
mined, calculated as the number of wing-beating 
behaviours performed during 1 min by workers 
from a queen’s retinue. As one wing-beating 
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behaviour, we counted a worker which pro-
duced at least one pulse of wing beating during 
a recording. The wing-beating behaviour usually 
consisted of trains (sequences) of wing-beating 
pulses (also called syllables), where pulses were 
separated by short intervals (below 1 s), when 
wings were immobile. If intervals between two 
pulses were longer than 1 s, it was assumed as 
two trains of pulses. Moreover, if two workers 
performed this behaviour in one recording, it 
was counted as two wing-beating behaviours. 
The recordings were analysed to detect the 
wing-beating behaviour at the sample rate of 50 
fps, which means a 40-fold slower playback in 
comparison to the recording speed. The detec-
tion of wing-beating behaviour in all recordings 
required 41 h of playback.

In 111 recordings (34, 31 and 46 recordings 
in Colonies A, B and C, respectively), addi-
tional detailed analysis of the characteristics of 
wing-beating behaviour of workers attending 
the queen was carried out. In some recordings, 
more than one worker from a queen’s retinue 
performed a wing-beating behaviour; there-
fore, the total number of analysed behaviours 
was 136. The analysis included the frequency 
of wing beats, the duration of wing-beating 
pulses and the duration of intervals between 
wing-beating pulses. The frequency of wing 
beats was determined as the number of wing 
beats performed per second, whereas a wing 
beat was defined as a complete cycle of wing 
movement up and down. The duration of a 
wing-beating pulse was determined as the time 
elapsed between the beginning and the end of 
a given pulse when a worker performed a wing 
beat. In turn, the interval between wing-beating 
pulses was defined as the time elapsed between 
the end of one pulse and the beginning of a 
second pulse when the wings were immobile. 
The analysis of wing-beating was based on 52 
wing-beating behaviour incidences performed 
by workers in the presence of uncapped brood 
and 84 wing-beating behaviour incidences per-
formed in its absence (in the case of interval 
duration, the analysis included 49 behaviours 
with uncapped brood and 81 without). The 
analysis of the recordings to characterise the 

wing beating of workers in the presence of the 
queen was made at a sample rate of 5 fps, which 
equates to a 400-fold slower playback speed. 
The detailed analysis of the selected 136 behav-
iours required approximately 108 h of playback.

The egg-laying rate was determined as the 
number of eggs laid by a queen in 1 min. The 
egg-laying rate was estimated based on obser-
vations of the queen’s behaviour, which lasted 
3–5 min and were repeated 5–8 times per day. 
The observations lasted 140, 130 and 114 min, 
respectively, in Colonies A, B and C. The total 
duration of queen observation was 384 min. 
It was assumed based on observations that a 
queen laid an egg when she inserted her abdo-
men in a cell on the comb and remained in this 
position for 20–30 s.

2.4. � Statistical analysis

All data were checked for deviation from a 
normal distribution. In the cases where the dis-
tribution was not normal (the interval duration 
between wing-beating pulses), the analysed 
data were ln-transformed. Two-way ANOVA 
was used to compare the incidence of wing-
beating behaviour of workers and the egg-
laying rate of queens in the colonies with or 
without uncapped brood, including the colony 
as a factor. Additionally, two-way MANOVA 
was performed to assess differences in the 
characteristics of workers’ wing beating. A 
post hoc NIR Fisher test was used for pair-wise 
comparisons. All tests were two-tailed. The 
statistical analyses were performed using Sta-
tistica, version 13.3 (Statsoft Inc., 2017). The 
recorded video data were not blinded because 
the observer was not able to assess the param-
eters of dances before their precise analysis.

3. � RESULTS

3.1. � Wing‑beating behaviour

None of the queens moved their wings during all 
recordings. In turn, the workers attending the queens 
moved their wings both before and after the removal 
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of combs with uncapped brood (Online Resource 1). 
The duration of a single wing-beating pulse ranged 
from 3 to 1017 ms, whereas the duration of a single 
interval between wing-beating pulses ranged from 
0.5 to 4875 ms. The wing-beating pulses usually 
occurred one after another and formed trains, which 
were preceded and followed by relatively long inter-
vals of immobile wings (Figure 1). The number of 
wing-beating pulses in one train ranged from 4 to 
70, whereas the mean duration of one train of pulses 
was 1.35 s.

3.2. � Incidence of wing‑beating behaviour

In the presence of uncapped brood, wing-beating 
behaviour was observed in the queen’s retinue at 
least once per minute. Only in Colony B on the third 
day of observation was this behaviour observed 

slightly less often (Table I). However, the incidence 
of wing-beating behaviour increased two-fold after 
the combs with uncapped brood were removed, 
from 2.3 to 4.6 times per minute, on average (two-
way ANOVA: F1,12 = 9.95, P = 0.008: Figure 2). 
There was no significant difference among the col-
onies (two-way ANOVA: F2,12 = 1.34, P = 0.299) 
in the wing-beating behaviour of workers. The 
interaction between experimental treatments and 
colonies was also insignificant (two-way ANOVA: 
F2,12 = 1.33, P = 0.300).

3.3. � Characteristics of wing‑beating 
behaviour

A comparison of the characteristics of wing 
beating (i.e. frequency of wing beats, duration 
of one wing-beating pulse and interval duration 

Figure  1.   Schematic drawing of wing-beating behaviour performed by a honey bee worker in contact with the 
queen. Sinusoid line indicates wing movements. One wing beat is between points A and B. One pulse of wing 
beating is between points A and C. One interval between pulses of wing beating is between points C and D. This 
sequence of wing-beating pulses was preceded and followed by an interval without wing beating lasting more than 
1s.

Table I
The incidence of wing-beating behaviour performed by workers in contact with the queen and the egg-laying rate 
of queens in three honey bee colonies before and after removing the combs with uncapped brood from the nests

Uncapped brood Day of the 
experiment

The incidence of wing-beating 
behaviour (behaviours/minute)

The egg-laying rate (eggs/minute)

Colony A Colony B Colony C Colony A Colony B Colony 
C

Present 1 1.44 2.07 3.58 1.00 0.57 0.09
2 1.59 1.51 1.44 1.04 1.21 0.20
3 1.93 0.69 6.15 0.75 0.93 0.28

Absent 4 7.83 5.15 6.78 0.47 0.20 0.29
5 4.03 3.11 3.73 0.43 1.28 0.35
6 4.63 3.36 3.16 0.83 0.12 0.23
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between wing-beating pulses) performed by 
workers in the presence of the queen revealed an 
insignificant difference before and after remov-
ing the combs with uncapped brood from the nest 
(two-way MANOVA: F3,121 = 1.46, P = 0.228). 
However, there were significant differences 
among the colonies (two-way MANOVA: 
F6,242 = 4.97, P < 0.001). The interaction between 
experimental treatments and colonies was 

insignificant (two-way MANOVA: F6,242 = 2.03, 
P = 0.062).

The frequency of wing beats was similar before 
and after the combs with uncapped brood were 
removed from the nest (Table II). However, the inter-
action between experimental treatments and colonies 
was significant. There was also significant difference 
among the colonies. Workers in Colony C moved 
their wings with significantly higher frequency than 

Figure 2.   The mean (± SE) incidence of wing-beating behaviour produced by workers in contact with the queen.

Table II
The mean (± SD) values and the results of univariate tests of two-way MANOVA comparing the characteris-
tics of wing-beating based on wing-beating behaviours performed by workers in the presence and absence of 
uncapped brood

Variables Uncapped brood Source of variation

Present
Mean ± SD

Absent
Mean ± SD

Treatment Colony Interaction

Frequency of wing beats (Hz) 205.5 ± 55.42 204.1 ± 46.18 F1,12 = 2.50
P = 0.117

F2,12 = 10.62
P < 0.001

F2,12 = 5.58
P = 0.005

Duration of one wing-beating pulse 
(ms)

53.1 ± 29.82 53.9 ± 25.61 F1,12 = 1.00
P = 0.318

F2,12 = 3.58
P = 0.031

F2,12 = 0.25
P = 0.778

Interval duration between wing-
beating pulses (ms)

74.9 ± 66.42 100.8 ± 92.38 F1,12 = 3.70
P = 0.057

F2,12 = 1.41
P = 0.248

F2,12 = 1.03
P = 0.360
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workers in Colony A or Colony B (NIR Fisher test: 
P < 0.001 and P = 0.017, respectively).

The duration of wing-beating pulses was sim-
ilar before and after the combs with uncapped 
brood were removed from the nest (Table II). 
The interaction between experimental treatments 
and colonies was insignificant. However, the 
colonies significantly differed in the duration of 
wing-beating pulses. The pulses of wing beating 
produced by workers in Colony C lasted signifi-
cantly longer than those produced by workers in 
Colony A (NIR Fisher test: P = 0.009).

The interval duration between pulses of wing-
beating was similar before and after the removal 
of combs with uncapped brood from the nest 
(Table II), although the difference was margin-
ally insignificant. There was an insignificant dif-
ference among colonies in terms of interval dura-
tion, and the interaction between experimental 
treatments and colonies was also insignificant.

3.4. � Egg‑laying rate

In the presence of uncapped brood, the queens 
from Colonies A and B laid one egg per minute 
on average. However, the queen from Colony 

C laid only one egg every 5 min on average 
(Table I). The egg-laying rate of the queens did 
not significantly change after removal of combs 
with uncapped brood from the nest (two-way 
ANOVA: F1,12 = 1.92, P = 0.191). However, 
the behaviour of the queens did significantly 
differ among the colonies (two-way ANOVA: 
F2,12 = 4.89, P = 0.028: Figure 3). The post hoc 
test showed that the behaviour of the queen from 
Colony C was significantly different in compar-
ison with that of the queens from Colonies A 
and B (NIR Fisher test: P = 0.016 and P = 0.023, 
respectively). The interaction between experi-
mental treatments and colonies was insignificant 
(two-way ANOVA: F2,12 = 1.06, P = 0.378).

4. � DISCUSSION

The results presented here indicate that 
honey bee workers showed wing-beating behav-
iour in contact with the queen significantly 
more often after the combs with uncapped 
brood were removed from the nest, which is in 
line with our predictions. We hypothesised that 
this behaviour is used by workers to stimulate 

Figure 3.   The mean (± SE) egg-laying rate of queens.
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the queen to lay eggs at a higher rate in response 
to too small amount of brood in the colony. In 
contrast to the queen, workers can more eas-
ily obtain information about the colony’s abil-
ity to raise brood because they are responsible 
for feeding and caring for the larvae (Seeley 
1995). Workers nursing larvae and attending the 
queen are in the same age group (Allen 1955, 
1960; Seeley 1979, 1995), and most likely per-
form those tasks interchangeably. Workers only 
remain in the queen’s retinue for a short time 
(Allen 1955, 1960; Seeley 1979), and it is most 
likely that they have previously attended to 
larvae and know how well they are nourished. 
Unfortunately, our recordings were too short to 
determine the behaviour of the workers before 
or after the wing-beating behaviour.

Contrary to our expectations, the queen’s 
egg-laying rate did not increase after uncapped 
brood was removed from the nest. We suspect 
that this may be related to colony disturbance 
and the introduction of non-natal combs with 
a foreign odour. We observed that the largest 
decrease in egg-laying rate occurred on the day 
the combs with uncapped brood were removed 
from the nest, and that on subsequent days, the 
egg-laying rate recovered. In some studies, a 
hive inspection did not affect workers’ forag-
ing (Free and Spencer-Booth 1963), but in oth-
ers, an inspection resulted in weight loss of the 
inspected colony (Taber 1963). It is also known 
that the use of smoke affects the behaviour of 
workers (Newton 1969). Moreover, the wax 
combs are very important in the maintenance 
of colony odour (Breed 1998; D’Ettorre et al. 
2006). Therefore, our experimental manipula-
tion may have resulted in a disturbance in the 
behaviour of queens and workers. The influ-
ence of hive inspection and comb replacement 
on queen behaviour has not been studied yet. 
It is also possible that the egg-laying rate can-
not increase too quickly and that such a change 
requires more than 3 days. Presumably, more 
complex approach would be advisable including 
observations not only the wing-beating behav-
iour of workers, but also their other behaviours 
directed to the queen such as feeding.

It cannot be excluded that the observed dif-
ferences in wing-beating behaviour of workers 
in contact with the queen were also related to 
the colony disturbance and the introduction of 
non-natal combs. However, it is very likely that 
the significantly increased incidence of wing-
beating behaviour was caused by a lack of 
uncapped brood in the nest and the lower egg-
lying rate of the queens. This is to some degree 
supported by observations of the queen and 
workers in Colony C, which behaved differently 
than those in Colonies A and B. In Colony C, 
the queen laid fewer eggs in comparison with 
the other two queens, in both the presence and 
absence of uncapped brood in the nest. Presum-
ably, the low quality or advanced age of this 
queen was responsible for her low egg-laying 
rate. Unfortunately, the age and health status of 
queens were unknown. Importantly, the work-
ers in Colony C reacted to their queen’s egg-
laying behaviour and presented a significantly 
higher incidence of wing-beating behaviour 
than those in Colonies A and B. This differ-
ence was clearly visible before the removal 
of combs with uncapped brood from the nest. 
Workers from Colony A and B also increased 
the incidence of wing-beating behaviour in the 
absence of uncapped brood, and this increase 
was continuing during 3 days after the removal 
of combs. Those observations suggest that the 
wing-beating behaviour generated by workers 
in contact with the queen may inform her about 
too small amount of uncapped brood and the 
necessity to lay eggs at a higher rate, and is not 
only a result of disturbing the colony. Previ-
ously, it was also reported that the frequency of 
shaking signals and piping signals performed 
by workers on queens during swarming period 
was increasing along with the approaching 
day of a swarm departure (Allen 1958, 1959; 
Painter-Kurt and Schneider 1998a; Pierce et al. 
2007). The meaning of these behaviours is not 
fully understood; however, it is suggested that 
their role is to prepare a laying queen for flight 
(Allen 1958, 1959). During this time, workers 
also decreased the rate of feeding of the queen 
(Allen 1960).
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The detailed analysis of the wing-beating 
behaviour of workers attending the queen did not 
reveal any significant differences in the frequency 
of wing beats, the duration of wing-beating pulses 
or the interval between wing-beating pulses before 
and after the removal of combs with uncapped 
brood from the nest. Presumably, the character-
istics of wing vibrations are not as important for 
honey bee communication as the incidence of 
wing-beating behaviour and the social context in 
which this behaviour occurs. Previous research 
showed that the frequency of wing beats and the 
durations of wing-beating pulses generated by 
queens, drones and workers differed considerably 
(Łopuch and Tofilski 2019). However, the charac-
teristics of wing vibrations produced by workers 
during different social interactions with the queen, 
drones or other workers were less variable, rang-
ing from 100 to 500 Hz and lasting from 0.5 to 
3 s (Ohtani and Kamada 1980; Michelsen et al. 
1986a; Nieh 1993; Pratt et al. 1996; Seeley and 
Tautz 2001; Rangel and Seeley 2008; Rittschof 
and Seeley 2008; Schlegel et al. 2012; Łopuch and 
Tofilski 2019).

5. � CONCLUSIONS

The wing-beating behaviour of workers from 
the queen’s retinue was more frequent in the 
absence of uncapped brood in the nests. How-
ever, during 3 days after the combs removal, we 
were not able to detect significant increase of 
egg laying by the queen. Colony disturbance and 
too short time for the queen to increase the egg-
laying rate could be responsible for this result. 
Therefore, further research is required to deter-
mine whether or not the wing-beating behaviour 
of workers may affect the queens’ egg-laying rate.
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