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Environmental consultancy: dancing
bee bioindicators to evaluate
landscape “health”
Margaret J. Couvillon* and Francis L. W. Ratnieks

Laboratory of Apiculture and Social Insects, School of Life Sciences, University of Sussex, Brighton, UK

Here we explore how waggle dance decoding may be applied as a tool for ecology by
evaluating the benefits and limitations of the methodology compared to other existing
ways to evaluate the honey bees’ use of the landscape. The honey bee foragers sample
and “report” back on large areas (c. 100 km2). Because honey bees perform dances
only for the most profitable resources, these data provide spatial information about the
availability of good quality forage for any given time. We argue that dance decoding may
inform on a range of ecological, conservation, and land management issues. In this way,
one species and methodology gives us a novel measure of a landscape’s profitability, or
“health,” that may be widely relevant, not just for honey bees, but for other flower-visiting
insects as well.
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Introduction

Wilhem Nylander, a Finnish-born botanist, liked to stroll around Paris, finding perhaps that the
more verdant parts of the city reminded him of his Helsinki origins. It was during one of these
walks, through the Jardin du Luxembourg, that the idea of bioindication was born (Skye, 1979). For
years, Nylander had studied lichens, which occur worldwide from the humid tropics to the arctic
and can even colonize bare rock. However, they are very sensitive to air pollution. Nylander noticed
that there were more lichen species growing in the Luxembourg Gardens than in other parts of
Paris. He hypothesized that lichens were susceptible to atmospheric pollutants and therefore failed
to thrive in much of Paris, which was very polluted at that time (Nylander, 1866).

Today, lichens are still routinely used as an assessment of air quality (Pinho et al., 2004). In the
years since Nylander, strides have been made to clean up the air, and the lichens have responded
by returning to Paris (Skye, 1979). Pollution, however, is not the only challenge humans have
introduced to the earth. In the last century, man-made landscape changes, such as agricultural
intensification, have had a large, negative impact on biodiversity. For example, insect pollinators
that depend on the presence of flowers and flower-rich habitats have been recently challenged by
the conversion of those areas to intensively farmed land (Matson et al., 1997; Tilman et al., 2001;
Robinson and Sutherland, 2002; Carvell et al., 2006; Winfree et al., 2011; Wright and Wimberly,
2013). The link between landscape changes and pollinator declines has generated intense interest
from both government and private sectors (Berenbaum et al., 2007; Kluser et al., 2011), such as a
recent announcement by the United States government that they are giving $8 million to increase
available forage for Midwestern honey bees (USDA, 2014). However, it is difficult to know not only
when and where supplementary forage would be most beneficial, but also to know if such policies,
once in place, are having the intended effect.
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The answer may lie with the honey bee, an organism that
itself would benefit from a healthy landscape. Honey bees,
with their unique waggle dance communication, may be an
untapped, biologically relevant resource to provide cost-effective
bioindication by surveying, monitoring, and reporting on a
landscape’s “health,” specifically in regards to floral abundance.

What Information Is Available From Waggle
Dance Decoding?

Honey bees, Apis species, possess a remarkable and unique
behavior. A successful forager communicates to her nestmates
the vector (distance and direction) from the hive to the
nectar or pollen (von Frisch, 1946, 1967; Grüter and Farina,
2009; Couvillon, 2012) by making waggle dances. The vector
information, which the bee repeats many times within a single
dance and which is encoded in the waggle phase portion of
the dance, can be decoded by researchers (Visscher and Seeley,
1982; Beekman and Ratnieks, 2000; Steffan-Dewenter and Kuhn,
2003; Couvillon et al., 2012b; Schürch et al., 2013). By decoding
many dances, a map of where the colony as a whole (or indeed
several colonies) is foraging can be made. Importantly, honey
bee foragers only dance for profitable resources, which means
that, on average, observed dances are for the “best” forage that
is available at any given time (von Frisch, 1967; Seeley, 1994)
after the forager has weighed the benefit of the forage against
the costs, including the distance she must fly (von Frisch, 1967;
Seeley, 1994; Couvillon et al., 2014b,c). The dance allows the
honey bee colony to exploit either particularly good resources
or resources when availability is low, and it therefore contributes
to the fitness of the colony (Seeley, 1995; Sherman and Visscher,
2002; Dornhaus et al., 2006; Donaldson-Matasci and Dornhaus,
2012; Schürch and Grüter, 2014).

Dancing foragers also give direct and indirect information
about the forage quality, which could include quantity and
the molarity of the nectar. Directly, the number of repeated
circuits within a single dance per return to the hive indicates the
forager’s assessment of quality: when resource quality increases,
the forager makes more waggle runs per dance, and this results
in the recruitment of more nestmates to the advertised location
(von Frisch, 1967; Seeley, 1995; Seeley et al., 2000). Indirectly,
a particularly good location may be indicated by multiple
dances by the same or different bees, as more and more bees
become recruited to the location that they indicate themselves
in subsequent dances. When such multiple dances are plotted,
“hotspots” of good quality forage become visible (Beekman and
Ratnieks, 2000; Steffan-Dewenter and Kuhn, 2003; Couvillon
et al., 2014b).

Lastly, it is also possible to know if a particular dance is for a
pollen or a non-pollen, usually nectar, source because the pollen
is visible in the corbiculae (Couvillon et al., 2014a). Although
it is quite difficult to obtain the pollen from a dancing bee for
identification, it is possible for pollen traps to be placed over
the entrance to collect pollen from all returning foragers (e.g.,
colony-level information about pollen collection). These data on
plant type composition, particularly a high representation of a

single plant type (Garbuzov and Ratnieks, 2014), can then be
correlated to the forage location information obtained by dance
decoding (Table 1). Knowing the breadth of the plant community
composition gives indication of the landscape’s biodiversity.

What Information Is Not Available from
Waggle Dance Decoding?

Firstly, it is not possible to know the route, including obstacle
avoidance, that a forager took from the hive to the resource (von
Frisch, 1967). Route information can be partially reconstructed
if dance decoding is combined with harmonic radar (Table 1),
where a radar signal is received by a transponder on an insect
and re-emitted such that the flight path of a honey bee is tracked
(Riley et al., 2003, 2005; Menzel et al., 2005). However, the
antenna for harmonic radar can only be applied after a dancing
A. mellifera forager exits the hive, when it would actually be
better to obtain the path information from the flight that precedes
the dance. Additionally, harmonic radar is limited by a range
of approximately 900m, or the first hedge, for signal reception
(Riley and Smith, 2002; Chapman et al., 2011). This would not
cover the long-distance foraging of many kilometers that honey
bees are capable of performing (von Frisch, 1967; Visscher and
Seeley, 1982; Beekman and Ratnieks, 2000; Couvillon et al.,
2014c).

It is equally challenging to know exactly what flowers were
visited by a dancing bee. As previously mentioned, pollen
samples can be obtained from the pollen traps at the entrance,
which gives colony-level information on the plants that have
been visited, but individual dances cannot then be linked to
the samples. It is potentially possible to collect a pollen forager
mid-dance (Hart and Ratnieks, 2001), once she has danced long
enough for the data to be extracted (Couvillon et al., 2012b), but
this would involve using a cover (e.g., polyurethane and not glass)
that can be easily cut through, which may be intractable for large
scale analyses. The pollen then could be identified, either by shape
(Synge, 1947; McLellan, 1976; Cresswell, 2011; Garbuzov and
Ratnieks, 2014), or by DNAmarkers, such as barcoding (Table 1,
Bruni et al., 2015).

Lastly, because the honey bee is not a very precise dancer,
decoding dances does not give exact location information.
An individual honey bee often forages in a small area of
approximately 10 × 10m (Ribbands, 1953); however, the waggle
dance made by her at different times or made by other bees
working the same patch will display considerable scatter in both
vector components of distance and direction (e.g., inter-dance
variation, Schweiger, 1958; von Frisch and Lindauer, 1961). The
variation found within a dance between successive, repeated
circuit (intra-dance variation) (Beekman et al., 2005; De Marco
et al., 2008; Tanner and Visscher, 2010a,b; Couvillon et al., 2012b;
Schürch and Couvillon, 2013; Schürch et al., 2013; Preece and
Beekman, 2014) also makes the signal challenging to understand.
Certainly it is simply a limitation in dance accuracy that we
cannot pinpoint a foraging location to, for example, a hedge.

One way to combat the issue of dance imprecision when we
want to know where a bee foraged is to incorporate the variability
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from within the dance into the mapping of the dance itself.
In Schürch et al. (2013), a Bayesian approach combined with
simulations allowed for the production of a spatial probability
distribution for a forage location. Instead of plotting a dance as
a point, which over-represents our certainty about a location,
dances were plotted as a heat map (Schürch et al., 2013; Couvillon
et al., 2014c). Additionally, when multiple dances, either from
different bees going to the same location or the same bee
dancing multiple times, are rasterized together, a more accurate
estimation of a “hot spot” can be achieved (Couvillon et al.,
2014b; Garbuzov et al., 2015).

It should be noted that for many specific investigations,
we do not need to know a precise location to obtain
biologically-relevant information about honey bee foraging
ecology. For example, because distance is such a relevant cost
in a bees’ decision to recruit and because honey bees have
evolved exceptional sensitivity to relative energetic reward,
communicated distance is a proxy for forage availability: the
further a dancer indicates in her recruitment, the relatively
less available forage is nearby (Couvillon et al., 2014c).
Because dance duration translates into flight distance, examining
the average dance duration per month provides important
information about in what months forage is relatively less or
more available (Beekman and Ratnieks, 2000; Couvillon et al.,
2014c) or how relative distances (durations) vary between urban
and rural and suburban settings (Waddington et al., 1994;
Garbuzov et al., 2014) or across differently structured landscapes
(Steffan-Dewenter and Kuhn, 2003).

Why Is the Honey Bee a Useful Bioindicator
of Landscape Floral Profitability?

Even given the above limitations, honey bees possess great
potential for monitoring the landscape for floral resources.
One reason is because the foraging range of the honey bee
is so great, probably greater than other bees. Honey bees
routinely forage at a distance of a few kilometers and have
been known to fly 10–12 km to collect food when it is less
available closer to the hive (von Frisch, 1967; Waddington
et al., 1994; Beekman and Ratnieks, 2000; Steffan-Dewenter
and Kuhn, 2003). In Couvillon et al. (2014b), by statistically
correcting for distance, authors were able to assess honey
bee foraging preferences across 94 km2, which represents the
“surveying power” of three glass-walled observation hives from
one location (Couvillon et al., 2014b). A second reason why the
honey bee is an ideal bioindicator is because they are generalists
in their foraging preferences (Biesmeijer and Slaa, 2006). The
flower species visited by honey bees for nectar and pollen will
also be visited by other pollinators, which makes information
about honey bee foraging preferences broadly relevant to a
range of flower-visiting insects. As a proof of concept to the
general nature of honey bee foraging, the bees indicated that
the highest visited area in the 94 km2 was a National Nature
Reserve that is an area well known as being good for butterflies
(Ellis et al., 2012; Couvillon et al., 2014b).

Thirdly, the honey bees possess the waggle dance, which is
the only known recruitment behavior that also communicates a
distance and direction, information available to eavesdropping
researchers. A honey bee forager, in her decision to perform
a waggle dance, integrates all relevant costs of flight distance,
potential competition with other flower-visiting insects, and
nectar and pollen availability, and if her assessment comes out in
the positive, she performs a dance. Imagine how difficult it would
be to obtain those data directly on the availability of good forage
across a landscape-wide area. An ecologist would need to walk
transects to count competing flower-visiting insects and flowers
and determine forage availability. If an ecologist walks a straight-
line transect at 1m/s and can see a meter to the left and to the
right, s/he will cover about 200m2 in 5min. Even at this speedy
clip and if s/he worked 24 h/day, it would take that ecologist 1632
days to cover 94 km2 one time. Therefore, it is safe to say that the
data obtained from decoding waggle dances is not available by
surveying.

What Are the Potential Subject Areas That
Would Benefit from Waggle Dance
Decoding Data?

In addition to the applied application of landscape evaluation,
data obtained from waggle dance decoding could be relevant in a
variety of yet-unexplored contexts (Härtel and Steffan-Dewenter,
2014). Honey bees are important pollinators for many crops
(Aizen and Harder, 2009), contributing £27 billion annually
to the world economy from this ecological service. Combining
waggle dance information with the colony-level pollen collection
will help farmers better manage pollination services: pollen
analysis would allow growers to determine if a target crop was
visited or not, and dance information would allow growers to
determine which field areas were visited (Kremen et al., 2002;
Duan et al., 2008). These data would then work together to
help manage the process (e.g., to fine-tune the bloom time
such that bees are not attracted elsewhere). Additionally, dance
information can also give other information, such as the time
taken for a colony’s foraging to recover following relocation
(Riddell Pearce et al., 2013), which also helps for optimal
management of pollination services.

In recent decades, there has been increasingly intense
interest in mitigating the harmful effects of anthropogenic
landscape changes through government incentives to encourage
more wildlife-friendly farming. These stewardship schemes are
required for all EU-member states and carry an impressive price-
tag of e41 billion in the past 20 years. And yet there are little
data evaluating the efficacy of such schemes, probably because it
is hard to survey at the landscape scale. However, by monitoring
the dances of honey bees foraging naturally in the landscape,
Couvillon et al. (2014b) determined that some management
stewardship schemes, such as the ones that encouraged set-
asides or field margins in High Level Stewardship, may be
more beneficial to honey bees than others, such as Organic
Entry Level Stewardship that require the regular mowing of
grass, including wildflowers (Couvillon et al., 2014b). The study
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provided biologically relevant data that may directly impact
land management and existing efforts at nature conservation
for honey bees and other flower-visiting insects and adds to a
growing body of work linking pollinator health to landscape
composition/“health” (Kremen et al., 2004; Klein et al., 2007;
Brittain et al., 2013).

Because the honey bees are collecting their food in the
landscape, they are potentially exposed to man-made toxins and
may therefore provide useful information in environmental risk
assessment. For example, in 2013 the European Union imposed
a moratorium on the use of neonicotinoid insecticides as seed
treatments for bee-attractive crops, such as oilseed rape (canola).
However, one potentially missing element in the assessment of
pesticide exposure is a better understanding of just how much
foraging bees carry out on the treated crops. Recently it was
demonstrated that in a typical European landscape that contains
the mass-flowering crop of oilseed rape, which is a potential
source of neonicotinoids, honey bees visit the nearby fields
between 0 and 23% of the foraging time, depending on distance
from hive and time of year (Garbuzov et al., 2015). By decoding
waggle dances, researchers will better understand the dynamics
of exposure (Garbuzov et al., 2015).

The waggle dance is one of the few Nobel Prize winning
discoveries that can be seen with the naked eye in real time.
The finding was exciting and, at times, controversial (Gould,
1976; Munz, 2005; Couvillon, 2012). “Language,” as von Frisch
diplomatically called the behavior, was thought to be in the
exclusive domain of humans. In the waggle dance, not only
a non-human but an invertebrate is able to communicate
symbolically, using the sun and gravity as a reference, where she
has collected good forage. Decoding waggle dances therefore is
also a wonderful gateway to biology, providing an observable,
interesting behavior to get the public engaged in science. Dance
decoding also may be easily demonstrated in the classroom and
to the larger, non-scientific community. In fact, the interest and
amazement that the public express about the waggle dance and
dance decoding may also represent a powerful opportunity for
citizen science. It is possible to instruct anyone, even someone
without a science background, into the fundamentals of waggle
dance decoding, such that video recordings of dancing bees,
uploaded to videos, can be decoded by community volunteers.
There is great interest at the moment in helping bees, and tapping
into the lay community may represent a powerful workforce that
in turn are afforded an opportunity to help the honey bee in a
very real way by contributing to our understanding of how and
where they collect their food.

Lastly, although this article has mostly underscored the
applied uses of the honey bee waggle dance, it is worth noting that
studies involving decoded waggle dances also generate significant
gains for basic biology, specifically behavioral ecology, foraging
ecology, and neuroscience. Karl von Frisch, the Austrian-born
ethologist who shared the 1973 Nobel Prize for discovering the
waggle dance communication, famously remarked that the honey
bee “is like a magic well,” in that the discoveries never end.
Certainly this applies to the waggle dance. In recent years, for
example, we have witnessed many exciting discoveries about
the nature of the honey bee waggle dance. These discoveries

include the honey bee dance stop signal, which is made
by foragers when they encounter a nestmate dancing for a
location that is dangerous (Nieh, 2010), a discovery that helps
our understanding of positive and negative feedback loops in
self-organizing systems; the flexible use of dance information
vs. memory by honey bees (Grüter et al., 2008; Grüter and
Ratnieks, 2011); the effect of gravity on the angular intra-dance
(im)precision (Couvillon et al., 2012a), which demonstrates how
a biological entity manages to communicate in the presence
of noise; the increased benefit of the dance for larger-sized
colonies (Donaldson-Matasci et al., 2013), which aids in our
understanding of how to optimize collective exploitation; and the
ability of flying bees to obtain and to signal compass information
purely from polarized light (Evangelista et al., 2014), which
provides important insight into the capabilities of invertebrate
visual navigation. The list is in no way exhaustive and only serves
to demonstrate that there are still exciting and unknown features
to be uncovered about this amazing behavior.

Conclusion: Is It Worth It?

Dance decoding is a relatively easy task. No specialist scientific
training is needed and a person can be instructed on how to do
it within a few hours. However, the method is time-consuming,
especially if one wishes to decode hundreds or thousands of
dances. After training, a decoder can decode a dance in under
5min, but this estimate does not include the time spent watching
a video to find a bee that is dancing. In all, it may take a
trained worker several hours to locate and decode 20 dances
from 1 h of video of the dance floor area of an observation hive.
Therefore, it is worth considering a discussion on whether or not
dance decoding is worth it? Perhaps decoding large numbers of
dances, which would take the contributions of many people over
many months, would not be worthwhile for basic biology alone.
However, the applied benefits that may be gained that can be used
to help honey bees and other insect pollinators could outweigh
the costs.

Inherent in the discussion of “Is dance decoding worth it”
is a comparison between dance decoding with other methods
that may be used to assess where and when honey bees are
collecting nectar and pollen (Table 1). Across all the methods,
dance decoding is the only way to obtain, at the level of the
individual, location information about where nectar and pollen
has been collected, and it remains the superior method to use
when investigating honey bee use of the landscape for forage (e.g.,
to assess WHERE bees are foraging; Table 1). Tagging foragers
with RFID tags or harmonic radar can provide data on the
timing of departure and return from a fixed site (e.g., the hive)
or a short-distance flight path; however, neither can be applied
realistically to field foraging conditions to determine where
bees are collecting nectar and pollen. Tagging foragers generates
information on HOW bees are foraging (Table 1). Likewise,
methods that analyze the forage itself, such as DNA barcoding
or pollen analysis, while providing important information about
WHAT the bees are visiting, are limited in that neither provides
location information, and both are challenging to perform at the
level of the individual (Table 1). Lastly, field observations remain
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correlative, as it would be difficult to mark insects to identify their
colony of origin.

Because eachmethod carries its own unique benefits and costs,
interesting results can be obtained if methods are combined. For
example, because RFID tags require a tag reader, they can be used
in conjunction with feeder experiments, where tagged foragers
are trained to collect sugar water from a set feeder location. These
bees, which may carry an additional identifying paint mark,
may then analyzed for their dance behavior. In this instance,
the actual vector information in the dance is less interesting, as
it will communicate the feeder; however, the other interesting
questions that require individual-level information regarding
dancing and recruitment behavior may be investigated. Secondly,
dance decoding can be effectively combined with forage analysis
(barcoding or pollenmicroscopy) in circumstances where the bee
may be foraging upon a particular target crop that is growing
in known locations to generate powerful individual and colony
level information about food collection and pollination services
(Garbuzov et al., 2015).

Currently, there is no reliable method to automate the
process, despite decades’ worth of effort and even with recent
advances in machine vision and automated video analysis for
other organisms (Mersch et al., 2013). The goal has always
been to create a system that can detect and decode waggle
runs reliably. Although some advancement has taken place
in the latter (Kimura et al., 2011; Landgraf et al., 2011), the
process of detecting dances remains problematic. The dancing
bee is just one moving part of a larger, very busy, and also

moving background of her nestmates, and attempts to detect
dances automatically leads to a large number of false positives
[e.g., 199 true dances detected and 25 false positives (Rau,
2014)]. Also, no one has a real sense of the number of false
negatives (waggle dances that fail to be detected). However,
recently the field appears to be right on the cusp of observing
significant advances in this area (see Landgraf et al. in this special
issue).

In conclusion, it is our opinion that, given the time cost of
dance decoding by hand, if the data obtained by the methodology
were relevant only from a basic honey bee behavioral ecology
perspective, it would not be worth to undertake large-scale
projects. However, given that these data are unique and not
possible to obtain any other way, and given that it may provide
biologically-relevant information that could be used to help
honey bees and other pollinators and to use resources wisely, we
say yes. In dance decoding, we let the honey bees do the hard
work to survey huge areas of land. Our job is only to listen to
the bees.
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