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A honeybee infonns her nestmates of the location of a flower by doing a waggle dance. The waggle dance 
encodes both the direction of and distance to the flower from the hive. To reveal how the waggle dance 
benefits the colony, we created a Markov model of bee foraging behavior and perfonned simulation 
experiments by incorporating the biological parameters that we obtained from our own observations of 
real bees as well as from the literature. When two feeders were each placed 400 m away from the hive in 
different directions, a virtual colony in which honeybees danced and correctly transferred information 
(a nonnal, real bee colony) made significantly greater numbers of successful visits to the feeders com
pared to a colony with inaccurate information transfer. Howerer, when five feeders were each located 
400 m from the hive, the inaccurate information transfer colony perfonned better than the nonnal colony. 
These results suggest that dancing's ability to communicate accurate infonnation depends on the number 
of feeders. Furthermore, because non-dancing colonies always made significantly fewer visits than those 
two colonies, we concluded that dancing behavior is beneficial for hives' ability to visit food sources. 
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INTRODUCTION 

The honeybee (Apis mellifera), a social insect species, is well known to have the abil
ity to communicate with its nestmates, using the so-called "waggle dance" to inform 
them of the location of a food source she has visited [5, 14]. In the waggle dance, the 
dancer walks in a straight line with both her body waggling and wings beating (wag
gle run), then the dancer circles back to her starting point without waggling or beat
ing. On a vertical comb, the direction of the waggle run relative to gravity indicates 
the direction to the food source relative to the sun in the field. The duration of the 
waggle run correlates with the distance to the food source. We observed that follower 
bees keep physically close to the dancer, and followers may be recruited to visit the 
food source the dancer is advertising. In the hive, however, it is too dark for followers 
to "watch" the dance. Hence, a dancer emits a sound by vibrating her wings during 
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the waggle run, which is rapidly attenuated as the distance between the dancer and 
her followers grows [6], suggesting that information can be transferred within only a 
very limited area in the hive. This means that only a few of all the bees in the hive 
will receive the information. Despite this, the dance has been considered an effective 
way for honeybees to accumulate their food and to maintain the colony [5, 14]. 

How much benefit do honeybees obtain from the waggle dance? What strategies 
for the propagation of information are hidden in the dance, and how many bees have 
to share the information to maintain the colony? To answer these questions, research
ers have applied many mathematical models and computer simulations based on 
parameters from observations of bee behavior [1-4, 8, 9, 13]. Here, to reveal the 
efficiency of dance behavior, we constructed a mathematical model and simulation 
program for honeybee foraging behavior based on the biological observation of hon
eybees, and we performed simulations. We demonstrate the importance of dance 
communication for foraging by comparing different kinds of virtual colonies and the 
effects of the dance on the bees' ability to find feeders. 

MATERIALS AND METHODS 

We describe honeybee behavior as an individual-oriented model; that is, an individu
al worker honeybee behaves according to its own decisions made after a transition 
through eight states: 1) resting in the hive, 2) walking in the hive, 3) flying outside to 
search for a food source, 4) flying back to the hive with food after success in finding 
a food source, 5) flying back to the hive without food after failure in finding a food 
source, 6) flying to a known food source based on memory or the information 
received from her dancer, 7) dancing, and 8) following a dancer and receiving infor
mation. In the resting state, the bees do nothing but maintain position and posture. 
The state transition probabilities among these states were determined based on previ
ous observations [11]. 

Simulations were performed (time step = 1 sec) for 8 experimental hours, i.e. 
28,800 time steps. We set 1000 worker bees in the hive for our simulations. The size 
of the field was 8000 m x 8000 m and that of the hive was 427 mm in width x 204 mm 
in height. In addition to the transition probability, we used other parameters obtained 
from our own analysis or from the literature; for example, the wandering patterns in 
the hive were taken from our own data [8-10] and the parameters for flights were 
taken from the literature [7, 12]. 

The simulation experiments were performed to examine the efficacy of the dance 
in visiting food sources. Two or five feeders were located 400 m away from the hive. 
In the experiment with two feeders, the concentration of sucrose solution in feeder 
I was 2.5 M and that in feeder 2 was 1.0 M in the first 4 hours. In the last 4 hours, 
these concentrations were changed. The concentration of sucrose solution in feeder 
I was 0.75 M and that in feeder 2 was 2.5 M. In the experiment with five feeders, the 
sucrose concentrations of feeders 1 and 2 were the same as in the two-feeder 
simulations, and the sucrose concentrations of the remaining three feeders were 
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constant at 1.0 M throughout the experiment. We performed the simulation 20 times 
for each colony. In the two-feeder experiments, the feeders were always placed in 
opposite directions from the hive. In the five-feeder experiments, their directions 
from the hive were randomly distributed for every run. We counted the total number 
of visits in all feeders in each trial and then calculated the average of visits. 

Analysis of variance (ANOVA) and a post-hoc Tukey test were applied to find 
colony effects and compare the results among the four colonies using Statistica 
(Statsoft, Tulsa, OK). 

RESULTS 

We compared four virtual colonies as follows. Colony 1: Bees in this colony did not 
memorize the feed location, dance, or transfer information, i.e. their foraging was 
absolutely a random search. Colony 2: Bees in this colony could memorize but not 
dance or transfer information; i.e. the bees did not interact with each other. Colony 3: 
Bees in this colony could memorize and dance but not transfer correct information. 
Dance information would activate other follower bees to forage, but the positional 
information was random if the follower bees did not know the locations of any feed
ers. When an activated follower already knew the feeder location after her successful 
foraging, she would fly to this feeder by activation. Colony 4 was the normal bee 
colony. Bees memorized the feeder location, danced, and transferred the correct infor
mation. 

In the 20-time simulation in which two feeders were located 400 m from the hive, 
the total numbesr of visits in the feeders by recruited bees were largely different 
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Fig. 1. Comparison of the four different colony types. The total number of visits in all feeders in each 
simulation was counted. Simulations were done 20 times for each colony. A: Two feeders were located in 
opposite directions from the hive. Colony 4 clearly showed the greatest number of visits. B: Five feeders 
were placed. The distribution of the feeders was changed randomly from run to run. Colonies 3, not 4, 
showed the most success in visits. Each bar inidicates the mean ± SD. Different letters denote significant 

differences (p<0.01) 

Acta Biologica Hungarica 63, 2012 



78 R. OKADA et al. 

among the colonies (Fig. lA). The mean total numbers of visits with standard 
deviations were 386.4±13.8, l235.l±69.4, l765.5±268.6, and 2657.8±231.4 for 
colonies 1,2,3, and 4, respectively. The ANOVA showed a significant effect of the 
colony type (p<0.001). Colony 4, which was a real honeybee colony (dancing and 
correctly transferring information) made the greatest number of successful visits to 
food sources. Its total number of visits was significantly different from those of the 
other colonies (Fig. lA, p<O.OOl for all combinations). In the experiment with five 
feeders, Colony 3, not Colony 4, was the most successful (Fig. I B). Colony 1 
exhibited significantly fewer visits in both cases, indicating that a random search 
strategy is not efficient. 

DISCUSSION 

Our simulation indicated that, when two feeders were available, the colony exhibiting 
both memorization and dancing with accurate information transfer had more feeding 
success than the other colonies (Fig. lA). De Vries and Biesmeijer [3] showed that 
the number of recruited bees decreased as the information accuracy decreased. If we 
adopt the assumptions of the model in that report, the information accuracy for 
Colony 3 should have been much lower than that for Colony 4 because the transferred 
positional information in Colony 3 was random. Nevertheless, when five feeders were 
present at 400 m from the hive, Colony 3, not Colony 4, was the most successful (Fig. 
lB). This result suggests that dancing behavior with the correct transfer of informa
tion about feeder location is beneficial under certain feeder conditions, whereas under 
other conditions, robust information accuracy is not required. The mechanism 
underlying this difference might be able to explain mathematically why honeybees 
use two different types of dances, the round dance and the figure-of-eight dance. 

On the other hand, Colony 1 or Colony 2 (both are non-dancing colonies) showed 
fewer visits to the feeders than either Colony 3 or Colony 4 (both of which are 
dancing colonies). Therefore, we conclude that dancing behavior is beneficial under 
the simulation conditions used in this study. In future investigations, it would be 
interesting to examine the influence of information imprecision in waggle dances on 
foraging efficiency, because dance efficiency depends on the foraging conditions. We 
believe that the combination of simulation and biological experiments will improve 
our model, and that such combinatory researches will lead to the elucidation of the 
unknown mechanisms of bee foraging behavior. 
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