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Like most animals, honeybees, Apis mellifera, possess a suite of antipredatory adaptations used to defend
their colony against intruders and to avoid flowers associated with predation risk. Honeybees also
possess a remarkable ability to communicate the direction, distance and relative profitability of flower
patches to hivemates using the well-studied waggle dance. Here we show that honeybees returning from
foraging on dangerous flowers are less likely to perform the waggle dance and engage in fewer waggle
runs than foragers returning from equally rewarding, safe flowers. Our results indicate that experienced
foragers effectively steer naı̈ve recruits away from dangerous flowers and raise interesting questions as to
how information about the reward and risk properties of patches are integrated into the waggle dance.
� 2009 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
The honeybee waggle dance is a well-studied and surprisingly
sophisticated example of animal communication. The waggle dance
was first deciphered by von Frisch (1967), who determined that
honeybee foragers communicate the location of profitable flower
patches to hivemates using the waggle-run portion of the dance,
where the direction and distance to a patch are indicated by the
angle and duration of the waggle run, respectively. Subsequent
work has demonstrated the flexibility of this mode of communi-
cation. For example, honeybees are more likely to dance and
perform more waggle runs when returning from food sources that
contain more concentrated sucrose solutions (von Frisch 1967;
Seeley 1994; Seeley et al. 2000). It thus appears that foragers
integrate a number of relevant foraging parameters into a measure
of profitability, and that the probability of dancing, and the number
of waggle runs performed are positively correlated with this
measure of profitability (von Frisch 1967; Waddington 1982; Seeley
1994). While honeybees tune the waggle dance in a way that, under
natural settings, would lead to greater recruitment of foragers to
patches with better reward properties, it is unknown whether
honeybees can also tune the waggle dance in response to predation
risk at flowers, which may render a patch less valuable to their
colony (Clark & Dukas 1994).
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Several recent studies have documented that honeybees avoid
flowers containing cues of elevated predation risk. For example,
honeybees avoided flowers where they had previously experienced
a simulated predator attack, flowers that harboured ambushing
spiders and flowers that contained dead conspecifics (Dukas
2001a; Suttle 2003; Reader et al. 2006). Furthermore, in a large-
scale field experiment with crab spiders (Misumena vatia), which
are common flower-dwelling ambush predators (Morse 2007),
milkweed (Asclepias syriaca) patches that contained crab spiders
received significantly fewer honeybee visits than did control
patches with no crab spiders (Dukas & Morse 2005). Since indi-
vidual honeybees avoid locations with elevated risk of predation, it
seems plausible that experienced foragers might modify the waggle
dance in response to the perceived risk at flowers in order to
facilitate the avoidance of predation risk by naı̈ve recruits.

To determine whether perceived danger affects the waggle
dance, we trained honeybees to visit two equally profitable artifi-
cial flowers. One flower was safe whereas the other contained a cue
of predation risk. We predicted that bees returning from foraging
trips on the dangerous flower would perform fewer waggle runs
than foragers arriving from the safe flower.
METHODS

The experiment was conducted in the summer of 2008 at the
Wildlife Research Station in Algonquin Park, Ontario, Canada (see
Dukas 2008 for description of field site and basic set-up). We
d by Elsevier Ltd. All rights reserved.
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Figure 1. Mean þ SE number of waggle runs as a function of flower danger. -: mean
number of waggle runs when each bee was considered an independent statistical unit.
,: mean number of waggle runs when each trial was considered the independent
unit. Sample sizes are depicted above the bars.
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trained honeybees from a two-frame observation hive, with
approximately 2000 workers, to forage on two artificial flowers
that were approximately 250 m from the colony and 60 m apart.
Flowers consisted of jars of scented sucrose solution inverted over
grooved Plexiglas plates (von Frisch 1967). To aid in recruitment,
and to facilitate the faithfulness of foragers to a single flower, one
flower was consistently scented with anise extract, and the other
was consistently scented with mint extract. Whenever additional
foragers were required, we habituated established foragers to
a 1.25 M sucrose solution for at least 1 h before increasing the
concentration to 2.5 M. This increase in sucrose concentration is
known to promote dancing by established foragers and, thus, the
recruitment of new foragers (von Frisch 1967; Higo et al. 1995;
Seeley 1996). The dance response of foragers to increased nectar
concentration (i.e. probability of dancing and number of waggle
runs performed) was relatively weak throughout the experiment,
probably because of an abundance of natural sources of nectar. All
the bees used in this experiment were faithful to a single flower,
and preliminary analyses indicated that the number of waggle runs
performed was similar for the anise and mint flowers (two-tailed
Mann–Whitney U test: U ¼ 108, Nmint ¼ 15, Nanise ¼ 17, P ¼ 0.4).

Trials were run on warm (>20 �C), sunny afternoons (1400–
1800 hours) with one to four individually marked focal bees that
had been feeding on a 1.25 M sucrose solution for at least 1 h. To
equalize the number of foragers on the two feeders as closely as
possible, we removed excess bees from the more active feeder
before the start of the trial. At the beginning of each trial, the
concentration of the sucrose solution at each flower was increased
to 2.5 M to encourage dancing. Two recently killed stimulus bees
(Dukas 2001a) were placed on the experimental flower so that they
were conspicuous but did not interfere with foraging. For the
duration of the 30 min trials, observers at the flowers recorded the
number of bee visits and notified hive observers by radio when
focal bees that had completed a full flower visit lasting at least
1 min departed for the hive. Two hive observers, blind to flower
treatment, recorded the number of waggle runs performed by the
focal bees. The dance behaviour of a single focal bee was observed
up to three times per trial. A focal bee was only tested in one trial
and only bees that had not previously visited a flower containing
a dead bee were tested. We could not quantify recruitment because
many recruits approached the dangerous flower but did not land,
and such bees could often not be identified.

We ran eight matched trials, with anise and mint flowers
serving on half the trials as the safe flower and on half the trials as
the dangerous flower in random order. Technical difficulties in
three trials interfered with counting the number of visitors, which
reduced the sample size in the rate-of-visits analysis by two (see
below; in one of these trials, the rate could still be calculated based
on a 23 min observation period, rather than a 30 min observation
period). Owing to small sample sizes and non-normal data, we used
nonparametric statistical tests.

RESULTS

On average, bees returning from safe flowers performed about
20 times more waggle runs than bees returning from dangerous
flowers (two-tailed Mann–Whitney U test: U ¼ 46.5, Nsafe ¼ 18,
Ndangerous ¼ 14, P ¼ 0.001; Fig. 1). We also conducted a matched
comparison using trials as the independent experimental units.
This analysis indicated that approximately 30 times more waggle
runs were performed by bees visiting the safe flower than the
dangerous flower (two-tailed Wilcoxon signed-ranks test: T ¼ 0,
N ¼ 8, P ¼ 0.012; Fig. 1).

The above analyses included many cases where the focal bee did
not dance on one or more observations. This allowed us to examine
whether the experimental manipulation also affected the proba-
bility of dancing. An analysis including only the dance data from the
first foraging bout for each bee in a trial revealed that bees that had
visited the safe flower were eight times more likely to perform at
least one waggle run than bees that had visited the dangerous
flower (10 of 18 safe-flower bees danced and 1 of 14 dangerous-
flower bees danced; two-tailed Fisher’s exact test: P ¼ 0.008).

Consistent with previous findings indicating that honeybees
avoid flowers associated with danger (Dukas 2001a; Suttle 2003;
Reader et al. 2006), the safe flower received significantly higher
rates of bee visits than did the dangerous flower (mean �
SE ¼ 0.68 � 0.11 versus 0.41 � 0.07 visits/min; two-tailed Wilcoxon
signed-ranks test: T ¼ 0, N ¼ 5, P ¼ 0.043) even though the number
of bees visiting each flower was equalized before the start of each
trial.

DISCUSSION

Our results demonstrate that the presence of a cue of predation
risk depresses the dance behaviour of honeybees. Previous studies
have shown that the waggle dance is modulated by the reward
properties of flowers (von Frisch 1967; Waddington 1982; Seeley
1994; Seeley et al. 2000; Afik et al. 2008; Seefeldt & De Marco
2008). Our study indicates that predation risk, a property unrelated
to the quality, quantity, accessibility, or distribution of reward, also
affects honeybees’ dance behaviour.

The simplest interpretation of our results is that honeybees,
which are well known to show antipredatory behaviour at flowers
(Dukas 2001a; Suttle 2003; Dukas & Morse 2005; Reader et al.
2006), also extend their individual response to cues of predation to
their waggle dance. That is, the mechanism that allows individual
honeybees to evaluate danger and to prefer safe over dangerous
flowers also increases their tendency to perform the waggle dance
when returning from safe, rather than dangerous, flowers. An
unlikely alternative is that the fewer waggle runs for dangerous
flowers than for safe flowers merely indicate bees’ perception of
lower profitability owing to increased vigilance. This alternative is
not consistent with either the data indicating antipredatory
behaviour of honeybees cited above, or the very large, 20–30-fold
decrease in waggle runs for the dangerous flower than for the safe
flower (Fig. 1). Nevertheless, it is possible that bees in the two
conditions perceived different levels of profitability. The interacting
effects of cues of predation risk and perceived profitability on dance
behaviour would be a suitable target for future research. Regardless
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of the exact mechanism involved, however, any reduction in
recruitment to dangerous patches should reduce the predation
costs incurred by recruits and thus increase colony fitness (Clark &
Dukas 1994).

We have assumed that the foragers perceived the dead bees as
a cue of predation risk and acted accordingly. There are two other
ways in which the dead bees could have been perceived that might
affect our interpretation. The first is as a novel object, and our
results could be the result of neophobia. Dukas (2001a) showed,
however, that honeybees that avoided a recently killed conspecific
did not avoid a comparable novel object. Alternatively, foragers
may have perceived the dead bees as competitors (i.e. they may not
have perceived them as dead) and our results could be the result of
an aversion to cues of competition risk. However, the artificial
flowers used in our experiment were designed for the simulta-
neous use by numerous honeybees (von Frisch 1967; Seeley 1996),
so the presence of two live bees at the feeder should not reduce the
perceived quality of that feeder. Furthermore, crush-killed honey-
bees emit alarm pheromone that is highly conspicuous to humans
as well as conspecifics, which show characteristic alarm behaviour
(Dukas 2001a). Indeed, Abbott (2006) found that when bumblebees
(Bombus spp.) were given a choice between an artificial flower
containing a freshly crush-killed conspecific (killed as in this
experiment and emitting alarm pheromones) and one containing
a freeze-killed conspecific (not emitting alarm pheromones), the
foragers preferred the flower with the freeze-killed bee.

Our study suggests that honeybees integrate two distinct types
of information, patch profitability and predation risk, into a single
signal, the number of waggle runs. This suggests a promising line of
research investigating the mechanisms underlying such integration
at the neural and behavioural levels. For example, using the
proboscis extension reflex paradigm, Hammer (1993) identified
a honeybee interneuron that produces more action potentials when
either sucrose or an odour previously paired with sucrose is pre-
sented. A neuroeconomic study (Hammer 1997; Sanfey et al. 2006)
that combines this approach with cues of predation risk could lead
to the identification of either individual neurons or neural
networks that are involved in the integration of information about
food quality and predation risk and its translation into a commu-
nication output.

The waggle dance is a remarkable example of social learning
about food as well as other resources, such as water and nest sites
(von Frisch 1967; Seeley 1996; Dyer 2002; Visscher 2007). A variety
of animals also show social learning about predators (Griffin 2004).
Although our results do not address explicit social learning about
predation risk, they do illustrate that implicit social learning about
danger can be achieved merely by modulating the social trans-
mission of information about food, which results in a dispropor-
tionate recruitment of naı̈ve individuals to safe sites. Similar forms
of implicit social learning of danger may allow ants to avoid
foraging sites associated with predation risk (Nonacs 1990) or
nesting sites associated with intraspecific aggression (Franks et al.
2007), and allow rats to avoid poisonous food (Galef 1985). Such
indirect communication about predation risk may have had an
important yet underappreciated effect on the dynamics and spatial
distribution of predators and prey (Sih 1998), and on insect–plant
interactions (Dukas 2001b).
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