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Contrasting responses of bumble bees to feeding
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Animals exploiting their familiar food items often avoid spatio-temporal aggregation with others by
avoiding scents, less rewarding areas or visual contacts, thereby minimizing competition or interference
when resources are replenished slowly in patches. When animals are searching or assessing available food
sources, however, they may benefit from reducing sampling costs by following others at food sites.
Therefore, animals may adjust their responses to others depending on their familiarity with foraging
situations. Here, we conducted field experiments to test whether nectar-collecting bumble bees make this
adjustment. We allowed free-foraging bees to choose between two inflorescences, one occupied by a
conspecific bee and another unoccupied. When bees were presented with flowers of a familiar type, they
avoided occupied inflorescences. In contrast, bees visited an occupied inflorescence when the flower type
was unfamiliar. To our knowledge, this is the first report suggesting that animals adjust their responses to
feeding conspecifics depending on their familiarity with food sources. Such behavioural flexibilities should
allow foragers to both explore and exploit their environments efficiently.

Keywords: Bombus diversus; context-dependent behaviour; foraging; inadvertent social information;
local enhancement; plant—animal interactions

1. INTRODUCTION

Animals exploiting the same food source with other
individuals of both the same and other species tend to
compete and interfere with one another, thereby reducing
their food consumption rate (Thomson ez al. 1987; Sandlin
2000aq). It follows from this that individuals would often
avoid spatio-temporal aggregation or overlaps with other
foragers in an area by responding to the presence of others
(perceived by decreased reward levels, odours or encoun-
ters) in an antagonistic way. Many previous studies have
suggested that animals indeed avoid one another while
foraging, which sometimes leads to resource partitioning
(Heinrich 1976b; Alanéri ez al. 2001; Rodriguez-Gironés
2006) or ideal free distributions (reviewed by Sutherland
1996). Individuals arriving late at a patch or a habitat would
especially tend to avoid occupied (and exploited) areas
either when resources replenish slowly (Stout & Goulson
2002) or when competition acts in favour of experienced
individuals through a systematic foraging (Possingham
1989) or when resident foragers defend their territories by
aggression or exploitation (Paton & Carpenter 1984;
Nagamitsu & Inoue 1997).

When animals are searching for novel food items or
assessing profitability of available food sources in an
unfamiliar habitat, however, they may benefit by following
other feeding individuals, rather than avoiding them.
Animals that can use a broad range of food items would
initially have to find and learn its resources by gathering
information through their own sampling efforts, as well as
having to locate and sample other food sources to establish
their new targets as food availability changes in an
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unpredictable way (Heinrich 1979; Thomson 1981). In
these situations, individuals may effectively reduce the cost
of exploration by using the presence of other foragers on a
food source as an indirect cue of its location and
profitability (Giraldeau & Beauchamp 1999; Valone &
Templeton 2002; Danchin er al. 2004; Kawaguchi ez al.
2006). Many vertebrates use such cues provided inad-
vertently by other individuals for the detection of
unfamiliar food types or locations (reviewed by Danchin
et al. 2004; Dall ez al. 2005). Recent studies have revealed
that even insects can use these social cues under similar
conditions (Collins & Bell 1996; Raveret Richter & Tisch
1999; D’Adamo et al. 2000; Prokopy ez al. 2000; Slaa et al.
2003; Leadbeater & Chittka 2005; Kawaguchi er al.
2006), although the possibility that an individual is
attracted to an occupied resource simply because it is
attracted to conspecifics themselves has been rarely
excluded experimentally (but see Worden & Papaj 2005).

Rational responses for an animal towards resident
individuals on food should largely depend on how familiar
it is with the food it is exploiting, not solely on how
intensely it is competing with others. If foragers are able to
decide how to respond to others depending on their
foraging contexts, therefore, they could greatly improve
their lifetime foraging success by tracking changes in
food availability more quickly and accurately. Such a
conditional use of alternative behaviours would be
advantageous to flower visitors exploiting nectar and
pollen, whose abundance and quality vary considerably
in time and space (Pleasants 1983; Waser 1983; Hunter &
Price 1992). Indeed, many previous studies have found
that flower visitors often avoid spatio-temporal aggregation
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Figure 1. ‘Occupied’ inflorescences used in experiments. (a) Abelia grandiflora (familiar flower species) and (b) Kalanchoe
blossfeldiana (unfamiliar flower species). Each inflorescence is inserted into a plastic tube together with a thin wire to which a

dead worker of B. diversus was attached.

with other foragers (Inouye 1978; Pimm er al. 1985;
Thomson et al. 1987; Giurfa & Nuiiez 1992; Goulson ez al.
1998; Sandlin 20005; Gilbert ez al. 2001; Ohashi & Yahara
2002; Makino & Sakai 2004, 2005), but other studies have
reported that these animals were instead attracted to other
foragers when sampling novel flowers (bat: Howell 1979;
stingless bee: Slaa ez al. 2003; Leadbeater & Chittka 2005;
bumble bee: Kawaguchi et al. 2006). Despite these
suggestive findings, however, no previous study has
explicitly tested whether flower visitors adopt avoidance
versus attraction in a conditional way depending on their
foraging contexts in nature.

Here, we report on our field experiments which examine
how nectar-collecting bumble bees (Bombus diversus)
respond to conspecifics that are present at flowers of familiar
and unfamiliar plant species (Abelia grandifiora and
Kalanchoe blossfeldiana, respectively). Numerous studies
have suggested that bumble bees learn to avoid spatio-
temporal aggregation with other bees on flowers (Heinrich
1976a; Inouye 1978; Thomson er al. 1987; Dreisig 1995;
Goulson ez al. 1998; Ohashi & Yahara 2002; Stout &
Goulson 2002; Makino & Sakai 2004, 2005; Saleh ez al.
2006; but see Brian 1957; Leadbeater & Chittka 2005;
Kawaguchi et al. 2006). Other studies have also reported
that bumble bees occasionally sample alternate flowers
while specializing on one or a few flower species, which may
allow them to track variable resources and shift to other
species whenever circumstances require (Heinrich 19766,
1979; Thomson et al. 1997). Since sampling inevitably
involves measurable time and energy costs, we would expect
that following conspecifics would be beneficial for experi-
enced bumble bees when sampling unfamiliar flowers
(Kawaguchi ez al. 2006). Using ‘interview bouquets’
technique (Thomson 1981; Thomson ez al. 1982; Kearns &
Thomson 2001), we tested whether free-foraging bees
visited inflorescences with conspecifics when sampling
flowers while they chose inflorescences without conspecifics
when harvesting from familiar flowers.

2. MATERIAL AND METHODS
All experiments were conducted in a roadside artificial
population of Abelia grandifiora Rehder (Caprifoliaceae) lining
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approximately 400 m along both sides of the Higashi Odori
Road, Tsukuba, Ibaraki Prefecture, Japan (36°06' N,
140°32' E). A. grandiflora is a low tree species cultivated as
garden or roadside plants. Each plant bears light pinkish-white
flowers that are zygomorphic, perfect, tubular (approx. 15 mm
in depth; figure la) and arranged in various angles and
directions on numerous cymose inflorescences. Nectar
accumulates in the basal part of the corolla tube. Flowering
season extends from July to October and each flower lasts at
least a few days. At our site, A. grandiflora was heavily visited by
workers of Bombus diversus Smith. Other flower visitors
included honeybees (Apis mellifera L. and Apis cerana japonica
Rad.), skippers (Hesperiidae) and day-flying hawkmoths
(Sphingidae). During our experiments, we found no other
nearby plant population that attracts B. diwversus as much as our
Abelia population. B. diversus has a long proboscis (up to
14 mm) and prefers to visit tubular flower species. Workers visit
Abelia mainly for nectar, but also accumulate corbicular pollen
loads by bringing passively applied pollen to the hind legs.

To investigate whether responses of bumble bees to
conspecifics vary with familiarity of the flower species that
they are about to visit, we used Kalanchoe blossfeldiana Poelln
(Crassulaceae) as the alternative unfamiliar flower species.
K. blossfeldiana is cultivated as a garden plant. Each plant
bears deep pink flowers arranged on several to ten umbels.
Flowers are actinomorphic, perfect and upward-oriented.
Each corolla consists of a slender tube (approx. 12 mm in
depth) and a flat limb (figure 15). Nectar accumulates in the
narrow basal part of the corolla tube, and can be extracted by
B. diversus with its long proboscis. Flowers of K. blossfeldiana
thus differ greatly from those of A. grandifiora in colour, shape
and arrangement. We bought potted Kalanchoe plants from a
garden shop located approximately 9 km from our study site,
and did not find this species within at least 1 km of our study
site. We did not note any other concurrently blooming plants
whose flowers look similar to K. blossfeldiana within the range.

We used an ‘interview bouquet’ (Thomson 1981;
Thomson ez al. 1982; Kearns & Thomson 2001) to present
free-foraging bees on Abelia with the two inflorescences, one
of which was occupied by a conspecific and another was not
(figure 2). We inserted each inflorescence into a short piece of
plastic tube attached to each end of a 30 cm length of wire
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Figure 2. A schematic view of the experiment with ‘interview
bouquet’ technique. The interview stick equipped with two
inflorescence holders is extended towards a test bee.

(1.5 mm diameter). The wire was bent in a crescent so that its
ends faced upwards 20 cm apart from one another and was
bound to one end of a 90 cm garden pole at the central part.
To ensure that the flowers were filled with nectar and did not
have odour left by recent insect visitors, we covered these
inflorescences with 2 mm mesh bags for approximately
36 hours before we cut them from the plants for experiments.
Free-flying workers of B. diversus were caught at random in
other small populations of A. grandiflora within 3 km of our
site. They were frozen to death at —20°C in clean plastic
containers until we defrosted them approximately 30 min
before experiments. In each trial, we attached a fresh dead bee
to one of the two inflorescences with a piece of thin wire
(0.28 mm in diameter) and we refer to it as an ‘occupied’
inflorescence. The other inflorescence without a dead bee we
term ‘unoccupied’. Each inflorescence was randomly
assigned to either the right or the left position. We trimmed
the inflorescences to make occupied and unoccupied
inflorescences the same display size (Abelia: 2-10 flowers,
Kalanchoe: 3—15 flowers; figure 1).

During the peak forager activity in our Abelia population
(06.00-09.00 hours), we continued to ‘interview’ arbitrarily
selected foragers, half with the familiar inflorescences (Abelia)
and half with the unfamiliar (Kalanchoe), in random order. In
each trial, we extended the interview stick towards the test bee
in such a way that the two inflorescences were equidistant
from it, and observed which one it visited. We recorded the
first inflorescence it landed on as ‘first landing’ and the first it
probed as ‘first probing’. One trial would end when the test
bee responded (approached, landed or probed) to either
inflorescence at least once and then left. In total, 84 bees were
tested on Abelia and 279 bees were tested on Kalanchoe.
When a trial resulted in at least one landing or when more
than 30 min had passed before any bee landed on the
inflorescences, we replaced both inflorescences and the dead
bee with new ones before the next trial. We also moved
around between successive trials by walking 20-100 m or
switching to the other side of the road (approx. 15 m wide)
between successive trials. Since it normally took us only a few
minutes to locate a new bee after the movement, we
considered our experimental procedure would effectively
minimize the possibility of testing with the same bees between
successive trials. Daily experiments were repeated during the
late flowering season of A. grandifiora in 2005 (17 September
to 21 October).

For each experiment with A. grandiflora and K. blossfeldiana,
we compared the frequency of bees’ first visits to occupied and
unoccupied inflorescences with a two-tailed binomial test. We
also performed a two-tailed Fisher’s exact test to compare bees’
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Figure 3. Number of (a) first landings and (b) first probings
exhibited by bumble bees (open bars, unoccupied inflor-
escences (U); filled bars, occupied inflorescences (O)) when
bees were presented with Abelia (familiar flower species, left
two bars), and when they were presented with Kalanchoe
(unfamiliar flower species, right two bars). The p-values in
parentheses are obtained from two-tailed binomial tests.

responses to occupied inflorescences between experiments with
A. grandifiora and K. blossfeldiana.

3. RESULTS

When bees were presented with familiar flower species
(Abelia), significantly smaller portion of bees landed on or
probed occupied inflorescences than unoccupied ones
(two-tailed binomial test: p=0.0076 for first landing,
p»=0.0019 for first probing; figure 3). In contrast, bees
landed on and probed occupied inflorescences signi-
ficantly more often than unoccupied ones when they
were presented with unfamiliar flower species (Kalanchoe;
two-tailed binomial test: p=0.0020 for first landing,
p»=0.0038 for first probing; figure 3). For both first
landing and first probing, we found that the observed
trends in bees’ responses towards occupied and unoccu-
pied inflorescences significantly differed between Abelia
and Kalanchoe (two-tailed Fisher’s exact test: p=0.00027
for first landing, p=0.00017 for fist probing; figure 3);
bees responded negarively to occupied inflorescences when
they continued to visit familiar flower species, whereas
they responded positively to occupied inflorescences
when they sampled unfamiliar flower species.

At the beginning of our data collection, we noted that a
substantial number of bees approached and hovered in
front of the test inflorescences prior to landing, and they
sometimes flew away without touching either of the
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Figure 4. Flow diagrams of bees’ behavioural sequences (a) from first approach to first landing and (b) from first landing to first
probing. Arrows and values indicate transitions from one behaviour to another and the number of observed transitions,
respectively. *The two bees had landed on the same inflorescence that they first approached, but they switched to the other

inflorescence while probing.

inflorescences even after several approaches. The data on
landing and probing therefore did not include all the
decision-makings made at approaching distances (1-5 cm
off the inflorescences). So we additionally recorded the
first inflorescence a bee approached as ‘first approach’
(figure 4a). When bees were presented with familiar
species (Abela), they showed no significant difference
between occupied and unoccupied inflorescences in the
frequency of first approaches (two-tailed binomial test:
O:U=45:139, p=0.59). When bees were presented with
unfamiliar species (Kalanchoe), on the other hand, they
approached occupied inflorescences significantly more
often than unoccupied ones (two-tailed binomial test:
O:U=187:92, p<0.0001).

If bees approached one inflorescence and landed on it
subsequently, the visit was recorded as an ‘acceptance’,
but if they did not, the visit was recorded as a ‘rejection’.
Then we tested whether the proportion of rejection of
inflorescence by bees varies depending on which option
bees approached first. Out of 45 first approaches to
occupied inflorescence of Abelia, 77.8% ended with
rejection, while 48.7% of 39 first approaches to unoccu-
pied inflorescences ended with rejection. Approaching
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bees had significant tendency to reject occupied inflor-
escences more frequently than unoccupied ones (two-
tailed Fisher’s exact test: p=0.0068). When bees were
presented with Kalanchoe, 81.3% of 187 first approaches
to occupied inflorescence ended with rejection, while
85.9% of 92 first approaches to unoccupied inflorescence
ended with rejection. The proportion of first approaches
that ended with rejection did not differ between occupied
and unoccupied inflorescences (two-tailed Fisher’s exact
test: p=0.40).

When bees rejected one inflorescence after the first
approach, they sometimes landed on the other option
(figure 4a). We tested whether the proportion of switch to
the other option to acceptance of the first inflorescence
varies depending on which option they approached first.
Out of 17 first approaches to occupied inflorescence of
Abelia, 41.2% switched to unoccupied option when
landing. On the other hand, none of 20 first approaches
to unoccupied inflorescence ended with landing on
occupied option. Thus, approaching bees had a significant
tendency to switch from occupied to unoccupied more
frequently than from unoccupied to occupied when landing
on Abelia inflorescences (two-tailed Fisher’s exact test:
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$=0.0019). Out of 40 first approaches to occupied
inflorescence of Kalanchoe, 12.5% switched to unoccupied
option after the rejection, while 7.1% of 14 first approaches
to unoccupied inflorescence ended with landing on
occupied option. Thus, approaching bees did not switch
to the alternative inflorescence so frequently when landing
on Kalanchoe inflorescences, and the proportion of
switches did not vary depending on which option they
approached first (two-tailed Fisher’s exact test: p=1).

We also observed that bees sometimes flew away
without probing either inflorescence after the first landing
(figure 4b). We tested whether the proportion of rejection
of inflorescence by bees varies depending on which option
bees landed on first. Out of 10 first landings on occupied
inflorescence of Abelia, 20.0% ended with rejection, while
none of 27 first landings on unoccupied inflorescence
ended with rejection. Regarding tests with Kalanchoe,
27.8% of 36 first landings on occupied inflorescence
ended with rejection, while 33.3% of 18 first landings on
unoccupied inflorescence ended with rejection. In either
case, the proportion of first landings that ended with
rejection did not differ between occupied and unoccupied
flowers (two-tailed Fisher’s exact test: p=0.068 for Abelia;
p=0.76 for Kalanchoe).

Finally, we tested whether the proportion of switch to
the other option to acceptance of the inflorescence varies
depending on which option they landed on first. When
bees first landed on Abelia inflorescence, they never
switched to the alternative inflorescence after the rejection
(figure 4b). When bees landed on Kalanchoe inflorescence,
they occasionally switched to the other option: 1 out of 27
landings on occupied inflorescence and 1 out of 13
landings on unoccupied inflorescence ended with probing
of the other option. We detected no significant difference
in these trends (two-tailed Fisher’s exact test: p=1). We
did not find any bee that switched inflorescences more
than once during its first approach to first probing.

4. DISCUSSION
Our experiments have clearly demonstrated that bumble
bees responded negarively to inflorescences with conspe-
cifics when they foraged from flowers of the familiar
species (Abelia), but they responded positively to inflor-
escences with conspecifics when the flowers were of an
unfamiliar species (Kalanchoe; figure 3). Many previous
studies have suggested that flower visitors reduce overlaps
of their foraging areas at various spatial scales by avoiding
either scent marks left on flowers or flowers with decreased
reward levels or other foragers in sight (Inouye 1978;
Pimm et al. 1985; Wetherwax 1986; Thomson ez al. 1987;
Giurfa & Nuilez 1992; Goulson et al. 1998; Sandlin
200006; Gilbert et al. 2001; Makino & Sakai 2004, 2005;
Saleh er al. 2006). Conversely, several authors have found
that these animals in novel food environments are
attracted to other foragers on flowers or the same flower
types fed by others (bat: Howell 1979; stingless bee: Slaa
et al. 2003; Leadbeater & Chittka 2005; Worden & Papaj
2005; bumble bee: Kawaguchi er al. 2006). Our data
reconcile these seemingly discordant findings by
suggesting that bumble bees adopt these alternative
behaviours depending on their foraging contexts.
Contrasting responses of bumble bees to conspecifics
on flowers can be understood by comparing costs and
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benefits resulting from each behaviour in different
foraging contexts. In general, it will be costly for animals
to exploit the same food types or locations with other
foragers in terms of increased inter- or intraspecific
competition (Thomson ez al. 1987; Dreisig 1995; Sandlin
20006; Rodriguez-Gironés 2006). When searching for
novel flowers to sample, however, it will benefit naive
foragers to follow or copy others in terms of a reduction of
the time consumed for food finding and subsequent
decision-makings (Kawaguchi ez al. 2006). Moreover,
novel foods found by following others may have higher
energetic value or lower risk of predation (Dukas & Morse
2003). Such benefits will be highest when an animal is
entirely unfamiliar with food sources within a habitat, but
will rapidly decrease as it accumulates knowledge about
the food environment. One can expect, therefore, that
animals alter their responses towards other foragers from
positive to negative as they gain experience at a food site.
Consistent with this prediction, Slaa et al. (2003) found
that newly recruited stingless bees preferred to visit flowers
occupied by other conspecifics over unoccupied ones, but
this tendency gradually shifted to avoidance of others over
consecutive foraging trips to the feeders. Leadbeater &
Chittka (2005) also found that naive bumble bees were
attracted to flowers occupied by conspecifics, but the
preference for the presence of others decreased to chance
levels once they found nectar in these flowers. In our
experiments, the benefits of following conspecifics would
have outweighed the costs of competition when bees
sampled unfamiliar Kalanchoe flowers, but the benefits
would have disappeared on familiar Abelia flowers. It
should be noted that our test bees were attracted to
conspecifics when sampling Kalanchoe flowers, even when
they had already learned to avoid conspecifics while
visiting Abelia flowers. This suggests that these animals
are able to change their responses to others in either
direction throughout their foraging career.

We note that the bees appeared to respond to
conspecifics at different points in behavioural sequence
before landing on familiar and unfamiliar inflorescences.
In our tests with familiar species (Abelia), bees approached
occupied and unoccupied inflorescences at similar
frequencies. These bees rejected the occupied inflores-
cences more often than the unoccupied ones. Moreover,
they often ended with landing on the unoccupied
inflorescence when they first approached the occupied
one, but they never switched to the other option when they
first approached the unoccupied inflorescence. On the
other hand, when bees were presented with unfamiliar
species (Kalanchoe), bees approached occupied inflores-
cences significantly more often than unoccupied ones. In
other words, while the avoidance of resident bees on Abelia
occurred after bees approached these inflorescences, the
attraction towards resident bees on Kalanchoe showed up
just when bees were about to inspect the inflorescences.
These data could reflect the bees’ tendency to selectively
pay attention to more familiar objects (reviewed by
Chittka et al. 1999). Alternatively, bees may be able to
detect familiar objects more quickly than unfamiliar ones.
Since we observed opposite trends on familiar and
unfamiliar flower species, the reaction towards conspe-
cifics is unlikely to be solely an adaptively neutral
by-product of bees’ cognitive processes. At the same
time, however, we believe that more research is needed to
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clarify how perceptual components (e.g. visual or olfactory
similarity between familiar and unfamiliar flowers, etc.)
affected the point at which bees’ decisions were made.

Results obtained here support our initial hypothesis that
flower visitors can change their responses to feeding
conspecifics according to familiarity of the flower species
they are about to visit. Such flexible behaviour would
enhance an animal’s ability to keep track of changing
resources through time quickly and accurately. When the
flower species on which a flower visitor is focusing in an area
provide the highest net profits, it should keep foraging on
the same species while avoiding others on flowers to
minimize local competition. As a species’ flowering period
comes to an end or the number of competitors increases,
however, the animal must locate and sample other flowers
of concurrently blooming species to establish its new
targets (Heinrich 1979; Thomson 1981). Some flower
visitors are also known to occasionally sample alternate
flowers even when their target species are not declining,
which may allow them to track variable resources (Heinrich
1976a; Thomson ez al. 1997). Since sampling or individual
exploration inevitably involves measurable time and energy
costs (Kawaguchi ez al. 2006), following other conspecifics
in such situations will provide animals with an efficient
shortcut to currently rewarding flowers. If flower visitors
have to move between familiar and unfamiliar flowers more
often than once during their lifetime, therefore, a
conditional use of these alternative behaviours would be
highly advantageous. Further experiments will be needed
with various flower visitors as well as a range of their
familiar and unfamiliar flower species to clarify how
widespread is such behaviour in nature. Rapid tracking of
resources may also benefit a wide range of other animals
that can learn to use multiple food items each of which has
shorter lifespan than themselves. Animals foraging on
plant products, such as fruits, seeds, and foliage (reviewed
by Hunter & Price 1992); carrion (Heinrich 1989); and
many prey organisms (reviewed by White 1978) will fall
into this category. Moreover, recent studies have suggested
that animals participating in habitat selection, mate choice
and predation avoidance also use the presence of other
conspecifics as cues for ‘resource’ status (Chittka &
Leadbeater 2005; Dall er al. 2005). We hope that our
findings will encourage future studies to explore the
possibility that animals exploiting such various resources
could adopt a conditional use of behaviours in response to
cues provided inadvertently from others.
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