N

N

Acoustical communication in honeybees
Wh Kirchner

» To cite this version:

Wh Kirchner. Acoustical communication in honeybees. Apidologie, 1993, 24 (3), pp.297-307. hal-
00891076

HAL Id: hal-00891076
https://hal.science/hal-00891076

Submitted on 11 May 2020

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-00891076
https://hal.archives-ouvertes.fr

Apidologie {1993) 24, 297-307
© Elsevier/INRA/DIB/AGIB

297

Review article

Acoustical communication in honeybees
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Summary — Airborne sound and vibrational signals play an important role in honeybee communica-
tion. Physiological mechanisms of production, transmission and perception of acoustical signals in
honeybees as well as the biological significance of these communication systems are discussed.

acoustical communication / sensory physiology / vibration / sound / hearing

INTRODUCTION

Nearly all the social life of honeybees
takes place in the darkness of the nest. Vi-
sion, which is of tremendous importance
for orientation and navigation outside the
nest, therefore does not play any role in
interactions among bees inside the nest.
For a long time, the world of the honeybee
seemed almost exclusively to be a chemi-
cal world, in which pheromones are used
to communicate. Recently, it has become
increasingly evident that there is another
world in which bees live, a world of sound
and vibrations.

VIBRATIONAL COMMUNICATION
AMONG QUEENS

Among the sounds made by bees there is
one that has already been known for many

years. This is the sound made by young
queens during the process of swarming.
One of the first descriptions of this so-
called queen piping was given by Charles
Butler (1609) in his “feminine monarchy”,
the first scientific book on bee biology that
we know about. Using musical notation, he
documented 2 different types of sounds
produced by bees. Some years later, Jans-
cha (1774) studied swarming in bees and
realized that the old queen leaves with part
of her colony and that young gqueens are
reared in special queen cells. Huber (1792)
then discovered that the first of these
young queens emerging from the cell in
which she developed produces a sound
signal called tooting, and that other young
queens, which are still sitting in their cells,
respond by quacking. Since then, a number
of investigations have adressed both the
question of the adaptive significance of the
behavior; and on the other hand, questions
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of signal production, signal transmission,
perception, and discrimination. Some
progress has been made during recent
years in answering the second set of ques-
tions; however, most of what we find in the
literature concerning the first question is
highly speculative.

Honeybee queen piping (tooting and
quacking) is broadcast in the bee's nest as
vibrations of the combs (Michelsen et al,
1986a). Figure 1 shows the temporal pat-
terns and a frequency spectrum of these
signals which are more or less pure tones
at low frequencies of = 400 Hertz. They are
produced by rapid contractions of the tho-
racic muscles, and transmitted directly to
the substratum. The wings do not vibrate.
The temporal structure of both signals can
easily be distinguished: tooting starts with a
first syllable, which lasts for more than 1 s,
and rises in amplitude as well as frequency
at the beginning. This sound is then fol-
lowed by a variable number of syllables
lasting for ~ 1/4 s each, which also show an
initial rise in amplitude. Quacking consists
of a number of syllables which are some-
what shorter, typically of < 200 ms duration,
and which lack the initial rise in frequency
and amplitude. The frequency is generally
slightly lower in quacking compared to toot-
ing signals but there is some overlap and
also an age dependence of these frequen-
cies. The signals are transmitted in the
combs at amplitudes of = 0.1-1 um dis-
placement of the comb. The attenuation of
the signals with distance is relatively low, /e
= 6 dB per 10 cm. Bees are able to pick up
these vibrations (see below). Young
queens can discriminate between tooting
and quacking and respond to tooting more
frequently than to quacking. They distin-
guish the 2 signals mainly by making use of
the differences in temporal structure. Work-
er bees also react to queen piping. They
immediately stop moving and freeze for the
duration of the queen's song (see Michel-
sen et al, 1986a for more details).

What is the biological significance of
queen piping? At first glance, it seems to
be unwise for a young unemerged queen
to make any sound at all in response to the
tooting signals of an emerged young
queen, for this queen is extremely aggres-
sive, localizes the sound emitter and tries
to open the cell in order to kill the occu-
pant. The tooter gains information about
the presence and location of quacking
competitors. What is the quacker's benefit
in quacking instead of waiting silently? It
seems, but has never been experimentally
proven, that quackers gain protection from
worker bees which cluster around the
queen cells and seem to chase the tooter
away. They also feed the quacker through
a small slit in the cell. After some days the
first young queen eventually leaves with a
second swarm. Then one or more of the
former quackers emerge from their cells
and become tooters and so on. Finally, the
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Fig 1. Queen piping signals. Time functions of
tooting (A) and quacking (B) have been recor-
ded as vibrations of the comb. Tooting is charac-
terized by an initial rise in amplitude of each syl-
lable (C). A typical amplitude spectrum of a
quacking signal (D) shows a fundamental fre-
quency of 300 Hz and some harmonics.
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workers seem to allow one of the queens
to kill all other queens. On the colony level
theirs is a clear payout. Given that queens
can only be produced by mated queens
and that they need some time to develop,
time which is expensive at that period of
the year when swarming occurs, it appears
to make sense that some spare queens for
afterswarms and for the case that the first
queen gets lost, eg during a mating flight,
are kept for a while (Simpson and Cherry,
1969; Bruinsma et al, 1981; Michelsen et
al, 1986a). But there is also an alternative
model on how the system could work
which was favored by Visscher (personal
communication). If the tooting queen uses
the quacking response to estimate the
number and strength of the competitors,
she may then calculate the risk of fighting
with all these competitors and compare
this risk and the benefit of making use of
the nest resources, je nesting site, food
stores, the brood and the worker bees, at
the risk of leaving the hive with a second
swarm. She may then stay if the response
is weak, but swarm if the response is
strong. Even if there is no direct support
for the idea that queen decides about
swarming, it is an interesting hypothesis.

VIBRATIONAL SIGNALS
OF WORKER BEES

Vibrational signals are also found in worker
communication. Esch (1962) reported that
bees attending the dances of their nest-
mates from time to time make short
squeaking sounds, which were at that time
recorded as airborn sounds, but were later
shown to be made and transmitted as vi-
brations of the comb (Michelsen et al,
1986b). The signals (fig 2) typically last for
= 100 ms at a frequency of =~ 350 Hz and
amplitudes of = 1 pm comb displacement.
The emitters press the thorax against the
comb and by doing so induce substrate vi-

dance signal (airborne sound)

T 00ms

stop signal (substrate vibration)

Fig 2. In the dance language dancing forager
bees emit airborne sound signals by dorsoven-
tral oscillations of the wings. Recruits produce
substrate-borne vibrations, which propagate
through the wax comb.

brations by contraction of the wing mus-
cles. The dancers then sometimes but not
always stop dancing and deliver small
samples of the collected food to the dance
attenders. The signal has therefore been
called the begging signal (von Frisch,
1967) or stop signal (Gould, 1976).

Nieh (1993) showed that stop signals
are also emitted by tremble dancers. The
comb vibrations induced by the tremble
dancers are indistinguishable in duration
and frequency from those made by dance
followers (Kirchner, 1993). The tremble
dance is used to recruit more bees for the
task of unloading the foragers (Seeley,
1992) and to reduce the recruitment of
more forager bees, acting as a negative
feedback system which counterbalances
the positive feedback of the dance lan-
guage (Kirchner, 1993).

PERCEPTION OF SUBSTRATE-BORNE
SOUND

Hansson (1945), who tried (without suc-
cess) to train bees to respond to airborne
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sound, noticed that bees seem to pick up
substrate-borne vibrations. When a plat-
form in front of a feeding chamber was vi-
brated, the bees learned to associate this
vibration with a food reward and moved
into the feeding chamber only if the vibra-
tion was present. Autrum and Schneider
(1948) studied the sense of vibrations in a
variety of insects. They were able to
record from the leg nerve of the honey-
bees and found thresholds for the sense of
vibrations which varied somewhat for the
different legs, but in the range of some 10
nm of displacement amplitude at the best
frequencies of 2 500 Hz. Later, Frings and
Littte (1957) induced vibrations of the
combs by loud airborne noise and made
use of the freezing response of worker
bees to estimate the frequency range to
which the bees respond behaviorally. They
found the highest sensitivity at 500 Hz. For
a long time it remained unclear why the
physiological threshold was lowest at 2.5
kHz, whereas the behavioral threshold
was lowest at about 500 Hz. This was then
clarified by Michelsen ef al (1986b), who
used the freezing response to vibrations of
the combs of known amplitudes to study
the behavioral thresholds. They showed
that in fact both were correct: if we consid-
er displacement amplitudes, the bees are
most sensitive at high frequencies, but if
the amplitude of the same vibrations is ex-
pressed as acceleration of the comb
(which is proportional to the sound pres-
sure used by Frings and Little (1957) as a
measure of intensity), the best frequency
is at 300400 Hz (fig 3). These experi-
ments were performed within the hive, with
the background noise of thousands of
bees walking around in that area. The data
showed that bees are indeed able to pick
up vibrations made by queens as well as
by worker nestmates. Abramson and Bit-
terman (1986) used vibrational stimuli (am-
plitude not calibrated) for aversive condi-
tioning experiments; bees learned to avoid

an electric shock by paying attention to vi-
brations of the ground. The sense organ
used by insects to pick up vibrations is
said to be the subgenual organ, a chordot-
onal organ which is found in the bee's tibia,
distal from the knee (Autrum and Schnei-
der, 1948).

AIRBORNE SOUND SIGNALS
IN DANCE LANGUAGE

In dance language, successful forager
bees inform their nestmates of the location
of profitable food sources, as Karl von
Frisch discovered in the 1940s (von Frisch,
1967). The direction of the food source rel-
ative to the direction of the sun is encoded
in the orientation of the dance figure on the
vertical comb relative to gravity. The dis-
tance to the food source is indicated by the
speed of dancing: the closer the food
source, the more dance circuits per time
unit are performed. For a long time it re-
mained unclear how the bees are able to
pick up this information in the darkness of
the bee hive.

Esch (1961) and Wenner (1962) indep-
dently discovered that dancing bees pro-
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Fig 3. Perception of substrate vibrations in
honeybees. Threshold amplitudes have been
determined within the beehive using the sponta-
neous freezing response of worker bees to vi-
brations. The same set of data is plotted as dis-
placement (solidy symbols and acceleration
(open symbols) versus frequency.
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duce sound in waggle dances. Kirchner et
al (1988) found that dance sounds are also
made in round dances. The dance sound
signals (fig 2) are emitted as airborne
sound by dorsoventral vibrations of the
wings (Michelsen et al, 1987). The fre-
quency is 200-300 Hz; the sound consists
of short pulses at a repetition rate of =~ 15
Hz. The amplitude, measured at a distance
of few mm behind the dancer, is ~ 94 dB
sound pressure level. Whereas in normal
so-called far field sound there is a certain
fixed relationship between sound pressure
and the corresponding air particle move-
ment, these relationships are more com-
plex in the near field of a sound emitter. In
bees it has been shown in round dances
(Kirchner et al, 1988) and waggle dances
(Michelsen et al, 1987) that air particle os-
cillations are = 200 times more intense
than expected for the pressure amplitudes
measured. The peak velocity of air particle
movement close to a dancing bee was
found to be = 1 m/s. The vibrating wings
act as dipole sound emitters: sound pres-
sures below and above the wings are 180°
out of phase and the corresponding large
pressure gradients around the edge of the
wings cause oscillating air currents around
the abdomen of the dancer, which de-
crease rapidly with distance to the dancer.
Most of the follower bees are found in the
zone of maximum velocity of these air cur-
rents. The tail wagging movements of the
dancer leads to a substantial modulation of
the amplitude of the sound signals at the
position of the dance followers (Michelsen
et al, 1987).

The duration of the dance sounds is
highly correlated with distance in waggle
dances (Esch, 1964) as well as round
dances (Kirchner et al, 1988) and is a suit-
able source of information on distance for
the dance followers. Sound frequency also
shows some negative correlation with dis-
tance (Spangler, 1991). The sounds are
emitted during the tail wagging runs. There

is a strong correlation between tail wagging
and sound production, but these 2 actions
are not always strictly coupled as Griffin and
Taft (1992) have shown. The orientation of
the dancer's body while it is emitting the
sound indicated the direction of the food
source (Kirchner et al, 1988). There are
also some correlates of profitability of food
sources in the sound signals of round danc-
ers, as Waddington and Kirchner (1992)
have shown. The highest correlation was
found between sound frequency and profita-
bility. Thus, information about distance, di-.
rection and profitability is provided to the fol-
lower bees by the dance sounds.

The western honeybee, Apis mellifera,
is not the only bee which makes dance
sounds. Towne (1985) found that Apis ce-
rana dancers emit similar dance sounds.
This finding has been recently confirmed in
Apis cerana indica as well as in Apis cera-
na japonica (Kirchner, unpublished obser-
vations). In Apis dorsata, Towne (1985) did
not find any dance sounds. Recently,
dance sounds similar to those of Apis mel-
lifera but much lower in frequency, ie = 100
Hz, have been found in Apis dorsata
(Kirchner and Dreller, 1993). In Apis florea,
no dance sound are emitted during the
wagging runs (Towne, 1985; Kirchner, un-
published observations).

THE SIGNIFICANCE OF SOUND SIGNALS
FOR DANCE COMMUNICATION

The hypothesis of an acoustical transfer of
information in dance language has been
tested by 2 different experimental ap-
proaches, one of which used an experi-
mental manipulation of the sounds emitted
by dancing bees and the other simulation
of dance and dance sounds. To change
the dance sounds in frequency and ampli-
tude one can simply shorten the wings
slightly. In higher insects the frequency of
wing beat is determined by the mechanical
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properties of the thorax and the wings.
Shortening the wings increases the fre-
guency of wing beat. The same is true for
the dance sounds of honey-bees. In addi-
tion to the change in frequency the ampli-
tude of the dance sound is much lower. it
was shown by Kirchner and Sommer
(1992) that bees with experimentally short-
ened wings did continue to forage and
dance and that no changes in the dancers'
behavior could be detected, but almost no
recruitment by those dances could be
found. The same is true for a mutant di-
minutive wings, which has wings of sub-
stantially smaller size compared to the
wild-type. The dance language hardly
works at all in the mutant. In a colony com-
posed of 50% wild-type and 50% diminu-
tive wings mutants it was shown that the
dances of wild-type dancers recruited both
groups equally well, whereas the dances
of the mutants were equally ineffective for
both groups. This result indicates that the
changes in the dance sound made by the
diminutive wings mutation cause reduced
recruitment success. The second ap-
proach, simulation of the dance, had been
tried several times (Steche, 1957; Esch,
1961; Gould, 1976). Based on recent find-
ings on the acoustical signals in the danc-
es, a new computer-controlled model bee
has been used by Michelsen et al (1989,
1992). This model bee is made of brass
covered with a thin layer of beeswax and
is slightly larger than a worker honeybee.
The wings are made by a piece of razor-
blade connected to an electromagnet. A
thin rod is affixed to the back of the model.
A step motor attached to the far end of the
rod rotates the model during the figure-
eight path and also causes the model to
waggle during the wagging run. An x-y
plotter connected to a metal sleeve around
the rod moves the model in a figure-eight
path. A thin plastic tube, ending near the
model's head, delivers small amounts of
sucrose solution from a syringe under con-

trol of a second step motor. During the ex-
perimental sessions the model and the su-
crose solution were given a faint floral
scent, which was also added in minute
amounts to baits placed in the field. At
each of the baits, an observer noted the
number of approaching bees. The experi-
ments showed that the artificial dancer can
indeed recruit nestmates to search for food
in the indicated distance and direction, but
completely fails to recruit as soon as the
wings stop moving and therefore no sound
is emitted. The 13-15 Hz tail wagging
movements of the dancer, which produce
infrasonic air oscillations as well as tactile
signals for some of the dance followers
(Bozic and Valentincic, 1991) seem to be
as important as the wing movements:
dances with sound but lacking the wagging
were ineffective as well. Both, sounds
made by wing vibrations as well as tail
wagging, seem to be used to communicate
distance and direction of feeding sites; and
there seems to be some redundancy be-
tween those 2 signals (for more details see
Michelsen et al, 1992).

PERCEPTION OF AIRBORNE SOUND

Bees, like other hymenopteran insects,
were until recently generally assumed to
be completely deaf. Several attempts to
determine whether or not bees could hear
had yielded negative results (von Frisch,
1923; Kréning, 1925; Hansson, 1945). The
recent insights into the physical nature of
the sound signals emitted by dancing bees
led to a reinvestigation of the guestion of
an auditory sense in bees, this time using
near field signals similar to the sounds the
dancing bees themselves produce.

In a first series of experiments (Towne
and Kirchner, 1989) the bees were trained
to associate a sound with a weak electric
shock. Bees learned to avoid the shock by
leaving a feeder when a sound signal was



Acoustical communication in honeybees 303

given. It was thus concluded that they
could hear airborne sound. More recently
another training paradigm, in which the
bees are trained to turn right or left as they
enter the feeder, the correct way being to-
wards the sound source, was used to de-
termine the frequency range and amplitude
thresholds of hearing in bees (Kirchner et
al, 1991). It turned out that bees hear air-
borne sounds of low frequencies up to 500
Hz with sufficient sensitivity to pick up the
sounds of a dancing nestmate (fig 4).

The same training technique has been
used to find out which sensory structures
are used to pick up the sound signals
(Dreller and Kirchner, 1993a). Sensory
structures suitable for perceiving near field
sound signals are hair sensilla or the an-
tennae. Bees which had learned to re-
spond to sound were then manipulated by
removing one or both antennae, or fixing a
certain joint in the antenna or removing
sensory hairs on the head. These behav-
ioral experiments revealed that the sounds
are picked up by Johnston's organ, a chor-
dotonal organ located in the pedicel of the
antennae, which is sensitive to vibrations
of the antennal flagellum relative to the
pedicel. The same sense organ is also
used by flies and mosquitos to pick up air-
borne sound (Ewing, 1978). The data do
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Fig 4. Perception of airborne sound in honey-
bees. Threshold amplitudes determined in an
operant conditioning paradigm are expressed as
air particle velocities and plotted versus sound
frequency.

not support the hypothesis that sound is
perceived by sensory hairs on the bee's
head, which had been proposed by Es'kov
(1975). Consequently, ablation of one an-
tenna, but not removal of the sensory hairs
on the head of bees attending dances of
their nestmates reduces the chance of
finding the advertized food source (Dreller
and Kirchner, 1993b).

CONCLUSIONS

Acoustical signals have been found to be
used for communication among bees in a
number of behavioral contexts. Phero-
mones, on the other hand, are known to
serve as a source of information in many
other situations (Free, 1987). What are the
advantages and disadvantages of these 2
channels? One of the differences between
sound and smell is speed: the laws of
diffusion generally limit pheromonal com-
munication at any stage, ie emission,
transmission, and perception, in temporal
resolution. Acoustical signals can be pro-
duced for very short periods of time; they
propagate fast and can be perceived and
analyzed rapidly. This feature allows tem-
poral coding of information in sound sig-
nals, while chemical information is exclu-
sively coded spectrally by the blend of
chemical compounds. As instantaneous
change in the signal emitted, as found in
emerging queens, which quack before and
toot after hatching, seems therefore to be
easier to implement in an acoustical than
in a chemical communication system. The
temporal properties of chemical communi-
cation, on the other hand, are much better
suited for signals which are temporally in-
tegrated, the presence or absence of a lay-
ing queen, eg, should be reliably communi-
cated without much noise by a system
characterized by a long time constant, as
found in the queen substance of bees. An-
other difference between sound and smell
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is reach. Volatile chemical signals can be
used to communicate throughout the nest,
while airborne sounds emitted by bees are
restricted to the close vicinity of the dancer
and vibrations are mostly restricted to the
single comb in which they are produced.
The advantage of vibrations, however, is
that they can be perceived throughout the
comb, even in capped brood cells and
gueen cells, which is important for queen
communication. The limited reach of the
dance sounds may also be quite advanta-
geous if we consider that sometimes hun-
dreds of bees may return to the nest and
advertize different food sources at the
same time. There is a significant differ-
ence between pheromones and vibrations
compared to near field airborne sound in
the gain. Whereas pheromones and vibra-
tion signals emitted by a single individual
can reach thousands of receivers, the
sounds emitted by dancing bees are per-
ceptible to a few dance followers. This low
gain should not be seen as disadvanta-
geous; in fact, it is not: given that there is a
positive feedback in the dance language
through the dances performed by those of
the dance followers which fly out and find
the food source, too high a gain would not
only be unnecessary but even disadvanta-
geous due to the cost of over-shooting re-
cruitment. The last difference between
sound and smell is cost. Production of vi-
brations and airborne sound by muscle
contractions of high frequency is expen-
sive. The pheromones of honeybees oper-
ate at such low concentrations that the en-
ergy consumption for producing these
signals is low compared to acoustical sig-
nals. High energy expenditure, on the oth-
er hand, may sometimes also be advanta-
geous: in queen communication by piping,
it seems to be reasonable that the bees
take the frequency and intensity of the vi-
brational signals as a measure of the fit-
ness of young gqueens and demonstrate
most support for the best pipers.

Thus, acoustical communication seems
to be an alternative strategy to chemical
communication, which was favored by nat-
ural selection in certain behavioral con-
texts and which is obviously favorable in
these cases. Pheromones, tactile signals
and acoustical signals interact in the social
life of the honeybee colony in complex
ways to ensure the exchange of informa-
tion among individuals, which is necessary
to maintain a high level of colony integra-
tion.
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Résumé — La communication acousti-
que chez l'abeille, Apis mellifera L. Il a
été montré ces derniéres années que, a
cOté des phéromones, les signaux sonores
et vibratoires jouent un réle important dans
la communication des abeilles dans I'obs-
curité de la ruche. Le chant des jeunes rei-
nes (fig 1) est produit par la vibration du
thorax et transmis par les rayons, qui pré-
sentent des oscillations de 0,1 2 1 um. Les
abeilles sont capables de percevoir de tel-
les vibrations grace a l'organe subgénual
situé sur le tibia (fig 2). Les ouvrieres aussi
produisent des signaux vibratoires. Les
abeilles qui suivent les danses de leurs
congénéres se pressent parfois contre le
rayon et produisent, également avec les
muscles des ailes, un chant bref (fig 3), a
la suite duquel la danseuse interrompt sou-
vent sa danse et régurgite un peu de nour-
riture aux abeilles qui I'entourent. Ces si-
gnaux d'arrét sont également utilisés dans
la danse tremblée. La danse frétillante, qui
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informe les congénéres du nid sur la dis-
tance et la qualité des sources de nourri-
ture, fait partie des systéemes de communi-
cation les plus développés du monde
animal. Au cours de la danse sont émis
des signaux sonores plus intenses trans-
mis par l'air (fig 3). lls véhiculent des infor-
mations sur la direction, la distance et la
rentabilité des sources de nourriture. Les
espéces Apis cerana et Apis dorsata pro-
duisent également ces sons, ce qui n'est
pas le cas d'Apis florea.

Par des expériences utilisant des
abeilles mutantes (mutation ailes raccour-
cies), qui émettent des sons de fréquence
plus élevée et d'intensité sonore plus faible
que le type sauvage, on a montré que les
sons sont nécessaires a la communication.
Et également, par des expériences utili-
sant une danseuse artificielle, on a pu
montrer que les signaux acoustiques sont
utilisés pour transmettre l'information de la
danse concernant la direction et la distan-
ce des sources de nourriture. Si I'abeille
robot dansait sans émettre de sons, les
abeilles n'étaient pas attirées vers la sour-
ce de nourriture. Mais si le signal sonore
de la danseuse était simulé par une abeille
robot contrdlée par un ordinateur, les
abeilles allaient chercher la nourriture dans
la direction et a la distance indiquées.
L'ouie de l'abeille a été étudiée a l'aide
d'expériences de dressage. On a appris
aux abeilles a associer un signal sonore a
un choc électrique par une récompense ou
une punition. Les abeilles peuvent perce-
voir des sons transmis par |'air grace a l'or-
gane de Johnston situé sur le pédicelle de
fantenne. La capacité d'audition de
F'abeille est restreinte aux fréquences al-
lant juqu'a 500 Hz (fig 4). La sensibilité est
suffisante pour percevoir les signaux sono-
res des danseuses. La communication
acoustique et la communication chimique
par les phéromones présentent toutes
deux des avantages et des inconvénients
spécifiques. La discussion porte sur le fait

de savoir pourquoi, dans certains cas pré-
cis, les signaux acoustiques sont plus ap-
propriés a la communication.

communication acoustique / son / vibra-
tion / physiologie sensorielle / audition

Zusammenfassung — Akustische Ver-
standigung bei Honigbienen. Bei der
Verstandigung der Bienen im dunklen
Stock spielen, wie sich vor allem in den
letzten Jahren gezeigt hat, neben Phero-
monen Schall- und Vibrationssignale eine
wichtige Rolle. Das «Titen» und
«Quaken» junger Bienenk&niginnen (Abb
1), wird durch Vibration des Thorax er-
zeugt und durch die Waben ausgebreitet.
Die Waben schwingen dabei um 0,1-1 um.
Bienen kénnen solche Vibrationen mit den
Subgenualorganen in den Bienen wabhr-
nehmen (Abb 2). Auch Arbeiterinnen pro-
duzieren Vibrationssignale. Beinen, die die
Téanze ihrer Nestgenossinnen verfolgen,
pressen sich gelegentlich gegen die Wabe
und erzeugen, ebenfalls mit den Flugmu-
skeln, ein kurzes Piepen (Abb 3), worauf-
hin die Tanzerin oft den Tanz unterbricht
und Futterproben an die umstehenden
Bienen abgibt. Auch im Zittertanz werden
diese Stop-Signale benutzt. Der Schwén-
zeltanz, mit dem heimkehrende Sammel-
bienen ihre Nestgenossinnen Uber Lage
und Qualitat von Futterquellen informieren,
gehort zu den hdchstentwickelten Kommu-
nikationssystemen im Tierreich. Im Bienen-
tanz werden Luftschallsignale von hoher
Intensitédt abgestrahlt (Abb 3). Sie enthal-
ten Informationen ber Richtung, Entfer-
nung und Rentabilitat von Futterquellen.

Diese Tanzlaute werden auch von den
asiatischen Honigbienenarten Apis cerana
und Apis dorsata abgegeben, wahrend die
Zwerghonigbiene Apis florea keine Tanztd-
ne produziert. In Experimenten mit der Ho-
nigbienenmutante diminutive wings (mit
verkurzten Fligel), die Téne héherer Fre-
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quenz und geringerer Lautstérke als der
Wildtyp abstrahilt, lies sich zeigen, daB die
Téne notwendig fir die Verstidndigung
sind. Auch in Experimenten mit einer
kinstlichen Tanzerin konnte gezeigt
werden, daB die akustischen Signale fir
die Weitergabe der Tanzinformation Uber
Richtung und Entfernung von Futterquel-
len benutzt werden. Stumme Tanze der
Roboterbiene kénnen die Bienen nicht zu
einer Futterstelle locken, wird jedoch auch
das Schallsignal der Tanzerin von der
durch einen Computer kontrollierten Ro-
boterbiene simuliert, so suchen die Bienen
in der angezeigten Richtung und Entfer-
nung nach Futter. Das Gehor der Bienen
wurde mithilfe von Dressurexperimenten
untersucht. Bienen k&nnen lernen, ein
Schalisignal mit einer Belohnung oder
auch mit einer Bestrafung durch Elektro-
schock zu assoziieren. Die Bienen kdnnen
luftgetragenen Schall mit dem Johnston-
schen Organ im Pedicellus der Antenne
wahrnehmen. Das Horvermdgen der
Bienen ist auf Frequenzen bis 500 Hz be-
schrankt (Abb 4). Die Empfindlichkeit ist
ausreichend, um die Schallsignale der
Tanzerinnen wahrzunehmen.

Akustische Kommunikation und phero-
monale Kommunikation haben jeweils spe-
zifische Vor- und Nachteile. Es wird disku-
tiert, warum in bestimmten Fallen akusti-
sche Signale fur die Verstdndigung geeig-
neter sind.

Akustische Kommunikation / Vibration /
Schall / Gehér / Sinnesphysiologie
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