
Sound recordings ofApis cerana japonica colonies over 24 h
reveal unique daily hissing patterns

Satoshi KAWAKITA
1,2

, Kotaro ICHIKAWA
3
, Fumio SAKAMOTO

4
, Kazuyuki MORIYA

2

1Western Region Agricultural Research Center, National Agriculture and Food Research Organization, 6-12-1
Nishifukatsu-cho, Fukuyama, Hiroshima 721-8514, Japan

2Graduate School of Informatics, Kyoto University, Kyoto 606-8501, Japan
3Field Science Education and Research Center, Kyoto University, Kyoto 606-8502, Japan

4Department of Bioscience and Biotechnology, Faculty of Bioenvironmental Science, Kyoto Gakuen University, 1-1
Nanjo-Ohtani, Sogabe-cho, Kameoka, Kyoto 621-8555, Japan

Received 25 July 2018 – Revised 22 November 2018 – Accepted 14 December 2018

Abstract – The simultaneous wingmovement bymultiple worker bees in a colony produces a hissing sound, which
is a novel acoustic and vibrational signal of the honey bees. Hissing of honey bees is thought to be a response to
direct, threatening stimuli. However, we discovered Japanese honey bees (Apis cerana japonica ) can hiss even
without obvious disturbances in previous study. In this study, to understand the temporal characteristics of honey bee
hissing, we conducted 24-h sound recordings over 7 months in 2015 and investigated when A. cerana japonica
hissed every day. Additionally, we also investigated the relationship of hissing onset and offset times with sunrise
and sunset times, and environmental factors. We found that honey bees hiss daily during daytime and most
frequently at dawn, with hissing onset/offset occurring mostly within 30 min of sunrise/sunset time. Hissing onset
and offset were significantly related to sunrise and sunset times, respectively, and also to solar radiation intensity.
The findings reveal that A. cerana japonica hissing has unique temporal patterns, and also shed a new light on
vibrational collective behavior in honey bees.

acoustic/vibrational behavior /Apis cerana japonica / hissing / honey bees / shimmering

1. INTRODUCTION

How and why some animals behave in a group
and show coordinated behavior is one of the most
interesting topics in animal ecology. Many re-
searchers have tried to address these questions
by investigating the circumstances of when and
how animals behave. Honey bees are one of the
most well-known eusocial insects. As such, many
studies have investigated how they behave and
make group decisions. One of the most famous
signals in honey bees is the waggle-dance that

recruits other bees in the colony to visit possible
forage sites. Recently, because of the development
of acoustic devices and techniques of analyses, it
is becoming apparent that honey bees also use a
variety of vibrational communication signals
(Fuchs and Koeniger 1974; Hrncir et al. 2005;
Fuchs and Tautz 2011; Schlegel et al. 2012). For
example, Seeley et al. (Seeley et al. 2012) reported
that honey bees can produce Bstop signals^ that
play a role in stopping other honey bees from
performing waggle dances. Worker piping is also
known as a vibrational signal, and it is reported to
be observed in cases like when Apis mellifera
start swarming (Seeley and Tautz 2001) or when
Apis florea face threatening stimuli (Sarma et al.
2002).

Hissing behavior is one of the acoustic/
vibrational signals in honey bees, involving
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simultaneous wing movements of multiple bees
(Koeniger and Fuchs 1972; Fuchs and Koeniger
1974; Seeley et al. 1982; Sarma et al. 2002). It has
also been referred to as shimmering (Butler 1954;
Seeley et al. 1982), which describes the visual
impression of coordinated wing movements
(Hrncir et al. 2005). Hissing behavior is observed
in different honey bee species, such as A. cerana
(Butler 1954; Sakagami 1960), A. florea (Sarma
et al. 2002), and A. mellifera (Papachristoforou
et al. 2008). Honey bees emit short buzz sounds or
vibrations (0.5–1.0 s) during such behavior
(Hrncir et al. 2005; Fuchs and Tautz 2011). The
coordinated movement of hissing is contagious
and spreads from one bee to another like the
propagation of the audience wave.

Regarding the function of hissing, it is thought
to serve as an aposematic signal in response to
disturbances, such as physical disturbance of a
colony or the approach of predator, such as hor-
nets (Fuchs and Koeniger 1974; Sarma et al.
2002; Hrncir et al. 2005; Fuchs and Tautz 2011;
Wehmann et al. 2015); a correlation formed on the
basis of circumstantial and observational evidence
over time. However, findings from the previous
study (Kawakita et al. 2018) showed that
A. cerana japonica could hiss even without an
obvious disturbance. Although our previous study
(Kawakita et al. 2018) suggested A. cerana japon-
ica make hissing sound in diurnal patterns, the
daily and seasonal patterns of hissing in A. cerana
japonica , however, remain unknown, and if iden-
tified, could uncover the potential function of this
behavior.

The purpose of this study is to investigate the
patterns of hissing behavior in A. cerana japonica
and to contribute to understanding the hissing
behavior of honey bees. We conducted 24-h
sound recordings inside A. cerana japonica col-
onies for 7 months and investigated the patterns of
its occurrence. Based on the previous finding that
(Kawakita et al. 2018) A. cerana japonica hiss at
daytime, we defined the first/last occurrence time
of hissing in a day as hissing onset/offset, respec-
tively. We then developed statistical models and
clarified the relationship between hissing onset/
offset time and environmental factors. We expect
that the findings of this research will contribute to
our understanding of vibrational behavior of

honey bees and its daily and seasonal occurrence
patterns would be useful to understand the func-
tion of hissing for honey bees.

2. MATERIALS AND METHODS

We conducted sound recordings in two
A. cerana japonica colonies between May and
October and in December in 2015 in Kyoto, Ja-
pan, and these were partly used in our previous
study (Kawakita et al. 2018). The colonies we
used in this study were located outdoors and were
formed in artificial nest boxes. The nest boxes had
only one gap in the form of an entrance of ap-
proximately 1 cm × 15 cm, through which the
bees could pass and were placed at the
Kitashirakawa Experimental Station, Kyoto Uni-
versity, which was surrounded by the woods and
shrubs.

We conducted 24-h sound recordings inside the
honey bee colonies and collected 40 days of
sound recordings, in total (960 h, 40 × 24 h), using
two colonies (Colony 1 and 2). We investigated
changes in hissing onset and offset time during a
day by defining the time when hissing occurred
for the first time as hissing onset, and the time
when hissing occurred for the last time as hissing
offset. In addition to this, we also investigated
when all hissing happened in a day using 16 days
from the 40 days of sound data (typical samples of
2–3 days from each month) to understand daily
and seasonal hissing patterns.

We extracted hissing sounds recorded inside
the colony based on the method described in the
previous study (Kawakita et al. 2018). Only
hissing sound that consisted of broadband noises
of 0.5–3.6 kHz, with greater than 0.25-s duration
were extracted as hissing sounds and counted each
bout. The raw sound data was visualized using
Adobe Audition CC (Adobe Systems Incorporat-
ed, CA, United States of America), and the hissing
sounds were manually detected.

Pearson product-moment correlation coeffi-
cients were conducted to determine whether
hissing onset or offset was associated with sunrise
or sunset, respectively. To understand the tempo-
ral patterns, we separated a day into four time-
categories. We defined 30 min before and after
sunrise as dawn and defined 30 min before and
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after sunset as dusk. Time between dawn and dusk
was defined as day, and the rest of the time was
defined as night. By comparing the number of
hissings recorded in the four time categories in a
day, temporal patterns were investigated using the
Wilcox multiple comparisons test with Bonferroni
correction. Sunrise and sunset times for each ex-
periment date were obtained from the National
Astronomical Observatory of Japan home page
(http://eco.mtk.nao.ac.jp/koyomi/). In addition to
this, we also investigated the time lag between the
timing of hissing onset or offset and sunrise or
sunset, respectively. Mean absolute values of the
differences between sunrise and hissing onset
time, and sunset and hissing offset time were
calculated. Hissing onset time and offset time
were measured on the time scale of seconds and
these were rounded down to the nearest minutes.

We developed linear mixed effect models to
investigate the relationship between hissing onset
and offset and environmental factors. We referred
to an approach used previously (Narendra et al.
2010), in which the relationship between the out-
bound activity time of the ancient ant (Myrmecia
pyriformis ) and sunrise and other environmental
factors, such as ambient temperature or intensity
of solar radiation were investigated. Sunrise and
sunset time, ambient temperature, the intensity of
solar radiation, and humidity were set as fixed
effects, and colony ID was set as a random effect.
If light intensity had effects on the occurrence of
hissing, hissing onset and offset would follow
sunrise and sunset time, since the light intensity
would dramatically change around sunrise and
sunset. Terrain and weather conditions, such as
cloud cover, might cause changes in ambient light
levels at sunrise and sunset; so, we also used the
intensity of solar radiation in the models. The
environmental data were obtained at about 30 m
from the nest box. Temperature (HMP45A,
Vaisala, Helsinki, Finland), humidity (HMP45A,
Vaisala, Helsinki, Finland), and intensity of solar
radiation (CMP-3, Kipp&Zonen, Delft ,
Netherlands) were measured every minute, and
their mean was calculated every 10 min. Hissing
onset time, offset time, and sunrise and sunset
time were transformed into variables ranging from
0 to 1 by dividing the time (h) by 24 (h) The
intensity of solar radiation was log-transformed.

All statistical analyses were carried out using the
R Statistical Computing Software (v 3.2.2, R
Foundation for Statistical Computing, Vienna,
Austria). We used Pseudo r -squared (R 2) values
(Nakagawa and Schielzeth 2013; Johnson 2014)
for assessing the models we made, using the
MuMIn package (Barton 2018) in R.

3. RESULTS

The 16-day investigations of hissing patterns
over 24 h showed that A. cerana japonica not only
hiss every day, but also opportunistically through-
out the day (Figure 1). Themean number of hissing
occurrences in 1 day was 295.75 ± 134.45 (mean ±
SD), while the number of hissing occurrences be-
tween May and December fluctuated (Figure 2).
The minimum and maximum number of hissing
occurrences in 1 day was 133 (Jul 22) and 549
(May 24), respectively. There was no correlation
between the total number of hissings in a day and
mean temperature (Pearson correlation: r = − 0.17,
p > 0.05). Temperature ranged from around 0 to
35 °C at the study site during the experiment dates.
Regarding rainfall, it rained throughout the day and
night especially on June 26 and July 22 (more than
30 mm in a day) during the experiments, and the
number of hissing occurrences recorded on June 26
and July 22 were 319 and 133, respectively. In
December, we observed that very few honey bees
went outside to forage. Piping sounds were some-
times recorded in our experiments but did not
always accompany hissing sounds.

Comparisons of the times of occurrence in the
four time-categories revealed that no hissing was
recorded at night (Figure 3), and the bees made
hissing sounds more frequently at dawn than dur-
ing the day and dusk (Wilcoxon rank sum test
with Bonferroni correction, dawn vs. day:
p < 0.01; dawn vs. dusk: p < 0.01, Figure 3).
There was no significant difference between the
number of hissing occurrences at day and at dusk
(Wilcoxon rank sum test with Bonferroni
correction, p = 0.88, Figure 3).

Throughout the experiment, most A. cerana
japonica hissing onsets (39 out of 40 instances)
occurred during dawn, and the mean absolute
value of the difference between sunrise and
hissing onset was 9.58 ± 7.72 min (mean ± SD,
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Figure 4). Furthermore, there was a significant
correlation between hissing onset and sunrise
(Pearson correlation: r = 0.98, p < 0.01). Con-
trarily, throughout the experiment, most
A. cerana japonica hissing offsets (36 out of 40
instances) were observed at dusk, and the mean
absolute value of differences between sunset and
hissing offset was 16.15 ± 12.72 min (mean ± SD,
Figure 4). There was also a significant correlation

between hissing offset time and sunset (Pearson
correlation: r = 0.93, p < 0.01).

Hissing onset time was strongly predicted
by sunrise and the solar radiation intensity
(Figure 5a, Table I); the Pseudo R 2 value of
the model was 0.99. Hissing offset time was
strongly predicted by sunset and solar radia-
tion intensity (Figure 6a, Table II); the Pseudo
R 2 value of the model was 0.95. There were
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Fig. 1. Hissing activity recorded over 24-h periods for 16 days. The presence of a black bar indicates that at least one
hissing event occurred within a given 10-min period.
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Fig. 2. Total number of hissing occurrences and the mean temperature of each experimental day.
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no significant effects of temperature and hu-
midity on the timing of hissing onset (Table I)
and offset (Table II).

4. DISCUSSION

In this study, we investigated hissing occur-
rence patterns over 40 days, which consistently
showed that a colony of A. cerana japonica hiss
in the daytime (Figure 1). As we did not visually
monitor the colonies over 24 h, we are not able to
confirm the individual situations under which
A. cerana japonica hissed; however, based on
the findings of the previous study (Kawakita
et al. 2018), we can assert that A. cerana japonica
hiss without predatory disturbances. As such, we
consider it suitable to discuss A. cerana japonica
hissing occurrence patterns using the data we
collected in this study.

a

b

b

c

Fig. 3. Comparison of the number of hissing occur-
rences in four times categories. Significant differences
(p < 0.01) are indicated by letters.
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Our exper iments c lea r ly show tha t
A. cerana japonica hiss during the daytime,
which corroborates the findings of the previ-
ous research (Kawakita et al. 2018). The num-
ber of hissing events during a day had a wide

variance (Mean ± SD 295.75 ± 134.45), and
there was no significant correlation between
the number of occurrences in a day and the
mean temperature (Pearson correlation − 0.17,
p > 0.05). It is suggested that the change of the
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40).

Table I. Result of the linear mixed model identifying the relationship between hissing onset time and sunrise time,
average ambient temperature, the intensity of solar radiation, and humidity (N = 40)

Covariate Coefficient SE t statistics p value

Intercept 6.71 × 10−3 1.04 × 10−2 0.65 0.53

Sunrise time 9.74 × 10−1 3.49 × 10−2 27.93 < 0.001

Temperature − 4.05 × 10−5 1.25 × 10−4 − 0.32 0.75

Intensity of solar radiation 4.93 × 10−3 6.00 × 10−4 8.23 < 0.001

Humidity − 9.31 × 10−5 6.97 × 10−5 − 1.34 0.19
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seasons influence the timing but does not in-
fluence the frequency of A. cerana japonica
hissing. It is reported that European honey
bees (Apis mellifera ) maintained the thorax
temperature at high level (37.0–38.5 °C) and
collected water in the winter at air tempera-
tures as low as 3 °C (Kovac et al. 2010).
Considering this, it is likely that A. cerana

japonica can also regulate their thorax temper-
ature at high enough to move their wings and
hiss more than 200 times even in winter. Re-
garding temperature and sound production,
some cicada species exhibit endothermy,
allowing them to generate sounds under rela-
tively cold conditions (Wiley and Richards
1978; Henwood and Fabrick 1979). In the case
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Table II.Output of the linear mixed model identifying the relationship between hissing offset time and sunset time,
average ambient temperature, the intensity of solar radiation, and humidity (N = 40)

Covariate Coefficient SE t statistics p value

Intercept 9.27 × 10−2 3.42 × 10−2 2.71 < 0.05

Sunset time 8.89 × 10−1 5.31 × 10−2 16.73 < 0.001

Temperature 1.43 × 10−4 3.71 × 10−4 0.39 0.70

Intensity of solar radiation − 9.21 × 10−3 1.20 × 10−3 − 7.67 < 0.001

Humidity − 7.48 × 10−5 7.61 × 10−5 − s0.98 0.33
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of honey bees, it is known that the central
brood nest of a colony maintains the tempera-
ture at 34 to 36 °C (Seeley 1989); so, this may
also allow them to hiss under cold ambient
temperatures. Regarding rainfalls, we only ob-
served it in only 2 days (June 26 and July 22)
in the 16-day experiments, but it is suggested
that rainfall does not influence the number of
occurrences of hissing in A. cerana japonica
considering it is natural phenomenon and the
result of the other dates (Figure 2).

Comparisons of the number of hissing occur-
rences that were recorded in each of the four time-
categories indicated that the bees hissed most
frequently at dawn (Figure 3). This result is sur-
prising since A. cerana japonica is diurnal and do
not be active at night so that it is thought to be still
inactive at dawn. It is still unclear why the honey
bee hissed frequently in dawn but most of the
hissing onset times were around sunrise and the
ambient light conditions changed dramatically
around sunrise; so, we expected that the change
in environmental factors would influence the
timing of hissing.

A. cerana japonica exhibited hissing be-
havior between sunrise and sunset throughout
the experiment. The occurrence of hissing
onset and offset was around sunrise and sun-
set, respectively (Figure 4). These results
suggested that A. cerana japonica hissing
behavior is not an internal behavior, but a
behavior adjusted based on exogenous envi-
ronmental factors. If honey bee hissing was
an internal periodic behavior, it would occur
at specific intervals, but this was not the
case. Since the light conditions varied de-
pending upon weather conditions (e.g., cloud
cover), honey bees adjusted the timing of
hissing, which explains why the light inten-
sity conditions, as well as sunrise and sunset,
had significant effects in our statistical mod-
el. Our study could not separate the influence
of sun movement or light conditions on
hissing, but Narendra et al. (Narendra et al.
2010) showed that ambient light levels, rath-
er than sun movement, influenced activity in
primitive ants. To further understand the fac-
tors that influence the occurrence of hissing,
several controlled experiments are needed.

We expected that hissing onset and offset
would occur at a certain range of tempera-
ture; however, this was not the case. This
result was surprising, since it is widely
known that ambient temperature affects insect
activity (Mellanby 1939; Taylor 1963). Al-
though there was clear relationship between
the ambient temperature and hissing onset/
offset time, it is assumed that there is spuri-
ous relationship between them considering
the relationship between sunrise/sunset and
hissing onset/offset (Figures 5 and 6) and
the result of our statistical model (Tables I
and II).

Our results show that A. cerana japonica
clearly hiss during the daytime, and that the
start and end of the hiss is adjusted to the
timing of sunrise and sunset. This result was
also interesting, since the hissing behavior of
honey bees is typically regarded as an apose-
matic signal acting as a conditional reflex be-
havior against disturbance, as reported in many
other bees (Wehmann et al. 2015). Considering
our results, it is likely that there are other
potential functions or, at least, unknown char-
acteristics, of the hissing behavior of A. cerana
japonica .

One of the possible functions of hissing in
A. cerana japonica may be to inform other
honey bees about the outside light condi-
tions, considering that hissing onset and off-
set happened close to the times of sunrise
and sunset. A. cerana japonica usually
makes their colony in a closed space, like
in the hollow of a tree, so that the colony
is in shade even during the day. Since it is
expected to be hard for the bees inside the
closed space to know the outside light con-
ditions, several early foragers perhaps make
frequent hissing sounds and vibrations in the
colony to inform the rest of the colony about
the conditions outside. Foragers usually work
during the day; so, it is important for them
to know the outside light conditions in order
to collect enough resources, such as nectar or
pollen. More hissing may happen at dawn
than at other times during the day because
the start of foraging is important to maximize
resources obtained by the foragers.
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In addition to this, we also consider the possi-
bility that the hissing sounds or vibrations func-
tion in arousing bees in the colony. It is known
that Apis mellifera foragers sleep and remain in-
active at night (Klein et al. 2008, 2014). It would
be interesting if A. cerana japonica hiss to arouse
the sleeping foragers. Furthermore, Klein et al.
(Klein et al. 2014) reported that some foragers
sleep and remain inactive even during the day. It
is possible that A. cerana japonica may also hiss
frequently in the daytime to keep the foragers
active.

Another possibility is that the signal of
hissing has a role in controlling the foraging
behavior of honey bees. Sarma et al. (Sarma
et al. 2002) reported that foraging activity de-
creased after A. florea made piping and
hissing sounds, but A. cerana japonica did
not make piping sounds with the hissing
sounds in our experiments although it is likely
that the piping sound of A. cerana japonica
was so faint that we were not able to record it.
The honey bees we observed showed hissing
behavior every day and they kept hissing even
when few of them foraged in December. If
hissing in A. cerana japonica has a role in
stopping foragers from going outside, hissing
would be expected to happen more often at
dusk, since foragers usually stop foraging
when it becomes dark; however, our results
show that hissing happened more at dawn than
at dusk (Figure 3). Thus, we do not think that
hissing is directly connected to the foraging
behavior of A. cerana japonica , but that other
environmental factors, such as ambient tem-
perature possibly limit their foraging behavior.
Since we did not investigate whether flight
activity of foragers changed or not before and
after hissing happened, further study is neces-
sary for testing whether foraging behavior
change before or after hissing in A. cerana
japonica.

Although our study showed that A. cerana
japonica produced hissing sounds frequently
in the daytime, we do not deny the possibility
that all the signals could have a role in apo-
sematic signaling. Sarma et al. (2002) report-
ed that A. florea can produce hissing sounds
even there is a distant (20 m) stimuli.

Although we were not able to detect such
stimuli, but unknown daytime stimuli, we
did not observe might threaten the colony of
A. cerana japonica and made them produce
hissing sound. Indeed, it is likely that
A. cerana japonica produced hissing sounds
steadily (during the day) to deter potential
predators. Frequent occurrence of loud hissing
sounds in a colony can have a function of
threating potential (daytime) predators ap-
proaching the colony. Furthermore, among
some group-living birds and insects, such as
the pied babbler (Bell et al. 2009), greylag
geese (Kahlert 2006), or treehopper (Hamel
and Cocroft 2012), it is known that false
alarms are common, often occurring more
frequently than the correct detections
(Cresswell et al. 2000; Beauchamp 2010).
Since hissing is the simultaneous wing move-
ment of multiple honey bees, if the first group
of individuals detected a non-threatening
stimulus and mistakenly hissed, neighboring
bees may imitate their movement, resulting in
a false alarm through the colony. The previ-
ous study (Kawakita et al. 2018) showed that
A. cerana japonica hissed without obvious
disturbance stimuli; it would be interesting
to find out if these insects are highly sensitive
and produce false alarms frequently, even in
the absence of predators.

In this study, we showed that A. cerana
japonica hissed every day and the time of
occurrence was limited to the daytime in the
natural environment. A. cerana japonica
hissed more frequently at dawn and the hissing
onset and offset times were close to sunrise
and sunset times, respectively, and it is sug-
gested that the timing of hissing onset and
offset are determined by ambient light condi-
tion. These findings suggest that honey bee
hissing behavior is related to environmental
conditions, and question the significance of
such behavior, which is typically considered
to be a direct aposematic signal against a
threatening stimulus. Our study suggests that
A. cerana japonica use hissing more frequent-
ly than previous studies have expected and
sheds a new light on the warning signals of
honey bees.
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