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Abstract Honey bees were displaced several 100 m from
their hive to an unfamiliar site and provisioned with honey.
After feeding, almost two-thirds of the bees flew home to
their hive within a 50 min observation time. About half of
these returning, bees signalled the direction of the release
site in waggle dances thus demonstrating that the dance
can be guided entirely by information gathered on a single
homeward trip. The likely reason for the bees’ enthusiastic
dancing on their initial return from this new site was the
highly rewarding honeycomb that they were given there.
The attractive nature of the site is confirmed by many of
these bees revisiting the site and continuing to forage there.

Keywords Honey bee homing - Displaced bee
navigation - Path integration - Waggle dance - Bee training

Introduction

Foraging honey bees indicate the direction and distance
of a food site from the hive by performing a waggle dance
which encodes these parameters of the trip (von Frisch
1965/1967). An early study by Otto (1959) in which bees
were displaced while feeding to a release site that lay in a
different direction from the hive showed that bees can be
guided by information gathered on both their outward and
inward trips. But it is generally supposed that information
from the outward trip contributes more (Lindauer 1948;
von Frisch 1965/1967; Srinivasan et al. 1996; De Marco
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and Menzel 2005). Here I show that information from a
single homeward trip can suffice to provide precise direc-
tional information for the dance.

The technique used is to monitor at the hive what hap-
pens when honey bees have returned after being displaced
to an unfamiliar release site from their hive. It is well
known that honey bees carried to sites at different distances
from their hive (Romanes 1885; Uchida and Kuwabara
1951; Becker 1958; Southwick and Buchmann 1995) will
fly home. From displacements of a 100 m, homing can be
rapid and reliable (Romanes 1885), but from distances of
several kilometres fewer bees arrive, and it may take them
several hours to reach the hive, suggesting that they did not
home directly (Pahl et al. 2011). As honey bees normally
start performing waggle dances after making several com-
plete foraging trips to and from a food site (Lindauer 1948;
von Frisch 1965/1967), it might be supposed that dances
do not occur after such displacements. The new part of the
procedure is to feed bees highly rewarding honeycomb at
the release site. Bees then seem eager to dance and indicate
the location of the site to potential foragers on reaching the
hive and to revisit to the site themselves.

Materials and methods
Experimental area and general procedure

Hives were moved to the experimental area near the village
of Marloffstein (49°36’51.76"'N; 11°03/49.79"E) relatively
late in the summer to minimise the likelihood that bees had
foraged in and become familiar with the area of the release
site before they were displaced there in tests. Colonies of
Apis mellifera carnica, that were housed in a four frame
observation hive with sufficient stored honey were taken
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scent plate was put next to the tray of honeycomb, white
sheets were distributed on the ground and a large yellow
umbrella-like object (I m wide and 1.5 m high) placed
nearby. Additionally, there was an observer seated in front
of a table.

Bees were first recorded revisiting the feeder 15 min
after their release, having already unloaded honey at the
hive. Their erratic searching distinguished them from other
individuals which had failed to find the hive and came back
to the feeder still heavily laden with honey. Revisiting bees
were aided in their search for the feeder by Nasonov’s
pheromone released by the bees that had not yet managed
to reach the hive. To reduce the chances that bees from
another hive might find the feeder, the honey was always
removed after 50 min and the recording ended.

The moving of whole colonies at close range combined
with feeding is a standard beekeeping method (Sklenar
1954), but it is also possible to train bees to a new faraging
location in one step by temporarily bringing the whole hive
to this site.

Recording and analysing dances

Dances were made easy to observe and interpret by putting
the hive on its side and giving bees on the dance area of the
horizontal comb an unobstructed view of the sky. The wag-
gle dances were then oriented by celestial cues rather than
by gravity. Because the dances were then directed towards
the foraging source that the bees were advertising (Lin-
dauer in von Frisch 1965/1967; Edrich 1975, 1977; Tan-
ner and Visscher 2010), they were easy for an observer to
decode and record.

In 1999, the bees’ behaviour at the release site and their
dancing at the hive were observed by eye and whether
or not the dances were direction to the release site was
recorded on audiotape. Dance direction was estimated to a
precision of about £20° using a 360° protractor that was
centred over the dancing bee (von Helversen and Edrich
1974). The category ‘directed to the release site’ includes
dances in which the direction of the waggle phase was
within about £20° of the bearing from hive to feeder.

All the bees seen dancing had been marked before
release and all except one dancing bee signalled the direc-
tion to the release site. The dances on the bees’ first returns
appeared unusual and in 2004 all dances were video-taped
with a camera pointing downwards at the horizontal dance
area. The camera was set to view most of the dance floor.
Consequently, although the direction and divergence angles
could be measured with an accuracy of about 3°, the resolu-
tion was often insufficient to pick out individual waggles in
the straight segments. For this and other reasons explained
below only a few dances could be used for decoding the
distances that the bees signalled.

The long waggle dances of eight videotaped bees were
analysed as representative examples of dancing seen on the
bees’ first returns from the release site and on subsequent
returns after revisiting the site. More than eight dances
were observed, but did not meet the criterion of more than
15 straight waggle segments. Some were incomplete. Some
were masked by other bees. In other cases, the dancing bee
moved out of the view of the camera or danced fewer than
ten circuits because it was attacked by guard bees. Short
dances were not analysed because they were mostly irregu-
lar with unequal ratios of clockwise and counter-clockwise
segments and had frequent interruptions.

During slow-motion playback of video tapes waggle
segments and the crescent segments were traced onto trans-
parencies fixed to the screen of the video monitor (Edrich
1975). The directions of waggle segments relative to north
were measured with a protractor to an accuracy of 3° and
the means of the directions of each the eight dances com-
puted using circular statistics (Batchelet 1981). The straight
segment of each circuit of the dance is usually directed
alternately left and right of the mean direction (von Frisch
1965/1967), and the mean divergence angle between alter-
nate segments was calculated (Table 2).

For the few dances for which it was possible, the num-
ber of waggles during individual waggle segments was
counted during slowed down replay of the video to pro-
vide a measure of the distance indicated by the dance (e.g.
Esch and Burns 1996; De Marco and Menzel 2005). On the
bees’ first returns individual waggle segments were absent
in 12 % of the 223 segments analysed and these segments
were excluded from analysis. Ideally, the number of wag-
gles per circuit on dances after bees had revisited the site
can provide a distance calibration for the number of wag-
gles in dances after the bees’ first returns from the site. The
average number of waggles per complete figure of eight
circuit on dances after revisiting the site at 560 m from the
hive were for two bees 11.4 (SD + 2.4) and 14.5 (£2.2)
waggles/circuit. The values for two bees revisiting the site
at 300 m from the hive were 2.8 (£1.4) and 2.0 (£0.8)
waggles/circuit. This large non-linearity for the two dis-
tances makes the values from the dances recorded after the
bees’ first return hard to evaluate. There are first return data
for only one bee leaving the 560 m site [3.1 (£3.7) wag-
gles/circuit] and for two bees leaving the 300 m site [2.8
(£1.4) and 2.0 (£0.8) waggles/circuit]. Clearly, more data
are required before any conclusions can be drawn.

Results
Of 160 honey bees released from 5 different directions with

respect to their hive, 97 homed within the 50 min observa-
tion period of the experiments. The average homing time
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Table 2 Single Bees’ dance directions and dance speeds from video-taped release experiments

Date Direction and Bee Mean of dance ~ Dance divergence Mean dance Vector length Cycle number in
distance of release identification angles for CCW (see Fig. 2) direction (dance scatter)  calculations/total
site from hive and CW turns cycles

Dancing after first return

27.08.04  287°560 m #41 ccw 274.1 29.8 285.0 0.89 54/60 plus
cw 303.9

09.09.04  93°365 m TQ ccw 57.1 52.1 80.2 0.82 55/63
cw 109.2

09.09.04  187°300 m GR ccw 167.1 50.0 190.9 0.85 88/89
cw 217.1

09.09.04  187°300 m WL ccw 180.4 333 189.6 0.80 26/27
cw 213.7

Dancing after subsequent trip to release site

27.08.04  287°560 m #31 ccw 263.5 10.5 265.7 0.95 60/124 plus
cw 274.0

27.08.04  287°560 m #14 ccw 265.9 15.1 275.6 0.96 43/45
cw 281.0

09.09.04  187°300 m GL ccw 202.2 15.4 207.3 0.91 42/43
cw 217.6

09.09.04  187°300 m WR ccw 186.5 18.0 202.1 0.91 15/17
cw 204.5

CW clockwise, CCW counter-clockwise

Fig. 1 Distribution of times
bees take to reach the hive on
their first return home and then
to arrive back at the feeding
site. The top histogram shows
the arrival times of bees that
reached the hive and danced
(hatched columns) and of bees
that reached the hive but did not
dance (open columns). The bot-
tom histogram with data plotted
downwards gives the arrival
times at the feeder of those bees
that revisited. Abscissa time
taken to reach goal. Bin width
is 5 minutes. Ordinate number
of bees in each bin. Data were
collected from 91 marked bees
reaching the hive within 50 min
after release. 41 of these indi-
viduals danced upon their first
arrival at the hive
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was 15.2 min (SD 9.6, range 4-48, N = 97). The distri-
bution was skewed with a peak at about 10 min (Fig. 1).
41 out of 91 bees observed in the hive danced, with those
reaching the hive early in the 50 min more likely to dance
than those that took longer to fly home (Fig. 1; Table 1).
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All 41 dances were directed at the feeding site within about
425° of the bearing from hive to feeder.

26 of the bees that had returned to the hive were seen
afterwards to revisit the release site (Fig. 1). Of these 26
bees, 16 had danced before returning to the release site and
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Fig. 2 Examples of dance directions in vector form. The mean dance
directions of individual bees on their first trip home and after their
subsequent trip to the release site are indicated by two arrows in each
circle. Filled arrow heads give directions of waggle segments that
precede clockwise crescents, open arrow heads those that precede
counter-clockwise crescents. Lengths of arrows show mean resultant
waggle vectors as a proportion of the radius of the bounding circle.
Each row gives the data from a different release site with a different
direction from the hive as specified in column 3 and by arrows out-

10 had not. Although more dancers than non-dancers revis-
ited the release site, the numbers as a proportion of the total
numbers of dancers or non-dancers are not significantly
different. Thus, 16 out of 41 dancers and 10 out of 50 non-
dancers revisited the feeder (P = 0.0623, Fisher’s exact
test, 2-tail).

Quantitative details of eight long waggle dances (Fig. 2;
Table 2) show that the four dances performed after the bees’
first return to the hive and the four dances performed after a
repeated trip were equally well directed at the release site.
But there are some clear differences between the first and
subsequent dances. Most obviously, the divergence angle is
much larger on the dances after first returns than it is after
subsequent returns from the feeder—a finding that will be
elaborated on in the “Discussion” on subsequent dances.
Because of the large and unexpected reward, the first
returns tend to be faster.

There are also marked qualitative differences between
the first dances and those after revisiting the feeder (Fig. 3).
Dances on the first trip home appear disordered in several
ways: the strict alternation between clockwise and counter-
clockwise crescents is sometimes disrupted; a waggle seg-
ment may be performed in the reverse direction, or wag-
gle movements inserted into a crescent. Dances on the first

1007
SUBSEQUENT RELEASE SITE
TRIP TO HIVE
north north
\@ 287° WEST
43 60
’ ’ 187° SOUTH
4 15
93° EAST

side the circles. The circles are arranged in three rows according to
three release sites with compass directions from the hive West 287°,
South 187° and East 93° (arrows outside the circles). The number
below each circle shows how many straight segments contributed to
the mean. The angular difference between the two arrows gives the
mean divergence angle of adjacent waggle segments for each dance,
indicating a larger divergence angle in dances performed on a bee’s
first return to the hive than after a subsequent foraging trip

returns also tend to be faster than after subsequent re-turns,
corroborating observations that dances are particularly fast
and vigorous after a first encounter with an unexpectedly
rich food source (c.f. Edrich et al. 1995; Seeley et al. 2000).

Discussion

This study adds a significant new finding to the vast body
of knowledge concerning the honey bee dance and navi-
gation. It is that bees can perform waggle dances in the
hive after their first return from an unknown release site to
which they were carried from the hive. The dances were
consistently directed towards the release site. Because the
bees were unfamiliar with the release site and so prob-
ably took a circuitous route (see below), this finding sug-
gests that the direction of the release site from the hive was
obtained through some kind of path integration performed
on the way home and that the directional signal derived
from path integration was inverted to guide the dance.
Before discussing these results further, it is worth
rehearsing the evidence that the release site itself was unfa-
miliar, even though bees probably performed orientation
flights (Opfinger 1931; Capaldi et al. 2000) around the hive
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Fig. 3 3-D-presentation of two waggle dances, one on a first return
to the hive and the other after revisiting the food site. The spirals with
waggle segments ordered in time are to be read upwards from the
bottom of the figure (see lettering on a separate axis). The free hand
drawings are based on video clips of two dances, depicting 26 s of
their dance. The number of waggles depicted is not accurate. Left col-
umn dance performed by bee #31 after a subsequent trip to the feeder.
Right column dance of bee #41 performed immediately after its first

to survey the new landscape immediately after the hive was
transferred into the experimental area before the experi-
ments started. First, the author saw no bees around the
experimental sites and no more than a few unvisited flowers
in the surrounding grass fields. Second, on visits to the hive
between experiments the author noticed occasional dances,
but these pointed at village gardens to the north, a direction
that was not used for releases. Third, the bees took much
longer to fly to their hive than the 30-50 s, it took the bees
to fly home once they were experienced with the location
of the release sites and flew directly home; although, with-
out monitoring the bee’s homeward path, it remains possi-
ble that bees landed and rested en route. Fourth, the bees’
dances differed in several respects from normal ones and
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trip home. The direction of the release site is indicated by the arrow
in the ellipse at the bottom of the vertical axis, here pointing away
from the observer through the plane of the drawing. Several oddi-
ties of a first- trip dance (right column), as mentioned in the results,
are illustrated in insets on the far right. Other characteristics of lively
dances are expressed in greater speed of dancing, large divergence
angles, and larger area covered by the dance

those seen on their returns after revisiting the feeding site
(Fig. 3). Fifth, some bees which homed successfully did
not reappear again at the release site, despite performing
dances and leaving the hive.

That bees can use the direction of their homeward trip
to direct dances to a feeder is not unexpected. The work of
Otto (1959) and of De Marco and Menzel (2005) showing
that bees combine directional information from food-ward
and homeward trips already tells us that information from
the return flight can be transformed, so that it can contrib-
ute to dance performance. In desert ants too, the intimate
connection between the two directions is apparent: recali-
bration of the home-vector induces similar re-calibration of
the food-ward vector (Collett et al. 1999).
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Dances on a bee’s first return (after a normal outward
flight) are very rare. Lindauer (1948) observed them in a
colony with almost no honey reserves in their hive. Dances
immediately after displacement from the hive to a release
site have to my knowledge been reported only once in an
unpublished PhD thesis (Brines 1978). Brines using the
same training method as here (which he learnt from the
author) displaced bees 200 m from the hive along a flight
corridor that was familiar to them. He also recorded dances
directed to the release site, but did not analyse second
return dances nor estimate the distances that the dances sig-
nalled. Interestingly, in Brines’ study the bee dances were
more similar to those of well-established foragers, and
probably had normal divergence angles. The large diver-
gence angles seen in my experiments are likely to be a con-
sequence of the unfamiliarity of the release site. When the
site is familiar, the homeward route can be direct, but when
the site is unknown the route is likely to be circuitous. This
difference provides further support for a model of path inte-
gration that I developed earlier (Edrich 1975).

Through path integration a bee flying between a feed-
ing site and its hive continuously monitors a sometimes
circuitous path and converts it into a straight line vector
representing the direction and distance it has travelled. So,
once arrived at the hive, the bee has a record of the vector
between the feeding site and hive (e.g. Mittelstaedt 1983;
Collett and Collett 2000; Tautz et al. 2004). To generate
an outward trip to a known feeding site, the bees fly the
remembered vector in the food-ward direction.

Dances of honey bees based only on the outward trip
could use the path integration state attained when a bee has
reached the feeder. Dances based solely on the homeward
trip, as in the present study could be guided by inverting the
path integration vector at the hive. By definition path inte-
gration converts a circuitous path into a straight line vector
and this is seen in the small scatter of the directions of the
dances that the bees performed on their first return. But do
the dances exhibit any sign that this first homeward trip was
probably circuitous? There is an evidence that the divergence
angle between alternate segments gives some indication.

As with so much about the bee dance, the first discovery
that dance divergence varies with details of the flight came
from von Frisch (von Frisch 1965, pp. 63, 148, 185; von
Frisch 1967, pp. 62, 147, 181; Edrich 1975). An intriguing
pattern of results has emerged. First, the angle of diver-
gence is large when bees forage between 80 and 200 m and
is usually smaller as foraging distance increases and the
precision of directional information presumably becomes
greater. Second, divergence varies when the input from the
light compass is more erratic than usual. Third, divergence
is large when a bee must circumvent an obstacle or, as in
the present experiments, when bees unfamiliar with their
surroundings take circuitous paths (as predicted in Edrich

1975). Lastly, dance divergence increases when the gravi-
tational input that bees use to orient their dance on verti-
cal comb in a darkened hive is reduced by tilting the hive
(Edrich 1975).

While it is commonly assumed that the divergence angle
indicates the imprecision of a bee’s directional information
(Tanner and Visscher 2010), I suggested that the divergence
reflects more a dynamic process related to the changes in
direction that a bee experiences during its flight path (Edrich
1975). A flavour of the idea is given by considering a bee
flying in sunlight. It records the route as superimposed ‘after
images of the sun’s position in a retinotopic neural array.
The more circuitous the route, the larger is the area of the
array covered by after-images. Suppose that when danc-
ing one edge of the array occupied by the sun’s after-image
triggers a straight waggle run on a clockwise circuit and the
other edge the successive one on a counter-clockwise circuit.
Then the bigger the area covered by the sun the larger will be
the divergence angle under the prevailing stimulus distribu-
tion, although the mean of the adjacent straight waggle runs
will correctly indicate the bee’s intended direction. A good
review of this concept (Edrich 1975) is given by Tanner and
Visscher (2010). The model is expanded and supported by
training experiments on wood ants in which the scatter of
compass directions was related to different experimentally
imposed light distributions (Scharstein 1975).
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