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Abstract — Competition between managed honeybees and wild pollinators is thought to be a key factor in
structuring foraging communities on flowers. The majority of studies have focused on impacts such as floral
visitation rates and resource overlap. However, direct measurement of fitness is required to fully assess the
impacts of competition. We compared in 2 years the weight and reproductive success of bumblebee colonies
located at two sites that were either close to or far from a large honeybee apiary, and which were located in the
same landscape and with access to similar floral resources. We found that bumblebee colonies located at the site
near the honeybee apiary gained less weight, and produced fewer and smaller queens, in both years than
colonies at the site far from the apiary. The ratio of queen weight/size was lower in the colonies near honeybees
in 1 year, while males were smaller and offspring sex ratio more male biased in colonies close to honeybees
than in those far from honeybees. Proximity to managed honeybee hives was therefore associated with
significantly reduced fitness of bumblebee colonies, but studies from many more sites are needed to confirm the
effect.

pollinator ecology / competition / bees / Bombus terrestris | Apis mellifera

1. INTRODUCTION resources (Sugden and Pyke, 1991; Gross,

1993; Oldroyd et al., 1994; Butz, 1997). Some

Competition between managed honeybees
(Apis mellifera) and wild pollinators is thought
to be a key factor in structuring foraging
communities on flowers (Corbet et al., 1995;
Denno et al., 1995). Honeybees are documented
to compete with native flower visitors for
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studies have shown an overlap in resource use
and decreasing abundance of wild pollinators in
the presence of honeybees, especially when
resources are limited (Roubik, 1983; Schaffer
et al., 1983). Managed honeybees can compet-
itively displace wild pollinators from floral
resources through exploitative competition
(Ginsberg, 1983; Wilms and Wiechers, 1997,
Goulson et al., 2002b). However, there is little
clear evidence that competition from managed
honeybees has negative impacts on the repro-
ductive success or the survival of other flower
visitors (Sugden et al., 1996; Butz, 1997). Only
few studies have found evidence for impacts at
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the population level (e.g., Wenner, 1992;
Roubik and Wolda, 2001). Although honeybees
are native in Europe and have coevolved with
other native pollinators, there is still the poten-
tial for strong competition because beekeeping
activities can produce unnaturally high local
densities of honeybees (Goulson, 2004), that
may put additional pressure on other pollinators
(Walther-Hellwig et al., 2000).

Bumblebees (Bombus spp.) are major polli-
nators in temperate regions of the northern
hemisphere (Fontaine et al., 2006). There is
substantial evidence that many bumblebee spe-
cies have declined in Europe, North America,
and Asia in recent decades due to stresses such
as habitat loss and pathogen spillover from
commercial bees (Kosior et al., 2007; Colla and
Packer, 2008; Williams and Osborne, 2009,
Cameron et al., 2011; Szabo et al. 2012;
Graystock et al. 2013a). However, there is
evidence that competition with managed hon-
eybees can also have negative effects on
bumblebees, either in isolation or by reinforcing
any effect of habitat loss. For example, Thomson
(2004) found that foraging rates and reproductive
success of Bombus occidentalis colonies were
significantly reduced as a result of proximity to
honeybee hives in California. Moreover,
Walther-Hellwig et al. (2006) reported that
short-tongued bumblebees, Bombus terrestris,
avoided foraging at sites close to honeybee
hives, while longer-tongued bumblebee spe-
cies switched to foraging later in the day and
shifted to less preferred floral resources.
Thomson (2006) also found a significant
niche overlap between the foraging prefer-
ences of native bumblebees and introduced
honeybees, which was as high as 80-90 %
during periods of resource scarcity.

Parameters such as a reduction in visitation
rate or increasing overlap in floral resource
harvesting can be used as an indicator of the
potential for competition between honeybees
and native bees. However, to confirm the
detrimental impact of managed honeybees, an
evaluation of wild bee fecundity, survival, or
population density is essential (Paini, 2004). If
managed, honeybees have a negative impact on
bumblebees; they will reduce colony develop-
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ment and colony productivity. Such effects may
include changes in the number, size, or sex ratio
of reproductives. Larger body size confers
fitness benefits in insects in general
(Blanckenhorn, 2000), including in terms of
male mating success (Thornhill and Alcock,
2000), and is an important predictor of hiber-
nation success in bumblebee queens (Holm,
1972; Beekman et al., 1998). As queens require
a greater investment of resources to produce
than males (Beekman and van Stratum, 1998), it
can be hypothesized that colony sex investment
ratios should become more male biased in
colonies under stress (e.g., close to a honeybee
apiary). Bumblebee colonies undergo a switch
point from the production of workers to repro-
ductives, the timing of which appears to be
endogenous (Holland et al. 2013), and effects of
competition on the ratio of workers/reproduc-
tives are therefore less likely.

In this study, we assess whether and how the
proximity to a honeybee apiary affects bumble-
bee colony development and reproductive suc-
cess, as well as colony weight, individual
weight, and foraging activity. We addressed this
by direct comparison of fitness traits of bum-
blebee colonies located at a site close to a
honeybee apiary and others placed at a site
further away from the apiary. Other than the
presence of the honeybee apiary, the two sites
were located in the same landscape and provid-
ed access to similar floral resources. We
hypothesized that bumblebee colonies near
the honeybee apiary would experience a
resource shortage and would consequently
produce fewer and lighter queens and males,
a lower queen weight/size ratio (because of
lower fat reserves) as well as a higher male/
female ratio (a response to lower resource
availability). Furthermore, we hypothesized
that the overall weight of bumblebee colonies
near honeybees would be less than that far
away from honeybees.

2. MATERIALS AND METHODS

The study was carried out in 2010 and 2012 at the
University of Leeds Field Station, Headley Hall
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Farm, Tadcaster, West Yorkshire at 53°52' N, 1°20’
W. In each year, a set of five bumblebee colonies was
placed within 5 m of the honeybee apiary and another
set of five colonies was located 1 km away from the
apiary. The apiary contained 50 standard-sized A.
mellifera hives. The surrounding landscape and
availability of forage was similar at both locations
(Figure ESM1), consisting predominantly of farm-
land used for winter wheat and spring barley, with
oilseed rape peas and potatoes as break crops, and
some areas of permanent pasture, as well as several
agro-forestry plots, a 1.5-ha field sown for nectar/
pollen production (borage, red clover, Phacelia, and
mustard) and hedgerows. The experiment was per-
formed between the end of July and 1st September in
2010, and between 1st June and the middle of July in
2012. Colonies of the native UK bumblebee, Bombus
terrestris audax (Hymenoptera: Apidae) were sup-
plied by Biobest via Agralan UK. Bumblebee
colonies (50-60 workers + one queen/colony at the
time of supplying) were provided with ready-to-use
sugar solutions as food which were left inside the
colonies for 1 day, then removed. The colonies were
left closed for 1 day to settle down before the
experiments started. Then, the colonies were opened
and bees were allowed to forage naturally for 6 weeks,
after which, the experiments were ended. Each
colony was weighed weekly and colonies were
freeze-killed at the end of the experiment. To weigh
the colonies, we closed the entrances of the colonies
at the end of the day with a bee-lock (a flight opening
with a coned tube). In the early morning of the next
day, we weighed the colonies and left the entrance
closed for about 1 h to let the bees settle down, before
then, opening the entrances to allow the bees to
forage again. To ensure that new queens would not
escape from the hives while permitting the smaller
workers to exit and enter freely, we adjusted the hive
entrance diameter to 7 mm (Goulson et al., 2002a).
Colony reproductive success was measured after the
6-week period by counting the number and size of all
emerged males and new queens (gynes) in the colonies.
To assess the colony size, the number of workers was
counted. The size of workers was estimated by
weighing 20 randomly chosen workers. The size of all
queens and males was estimated by weighing and by
measuring their thorax width as the shortest distance
between the bases of the tegula with a digital vernier
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caliper accurate to 0-01 mm (Goulson et al., 2002a; Peat
etal., 2005b). Because of the possibility for some males
or workers to escape from the nest and of natural
mortality of bumblebee workers throughout the season,
we also counted all closed and opened pupal cocoons in
each colony. However, as it is less likely for new queens
to escape from hives because of the small entrance,
queens were counted as the number of emerged adults
plus the number of only closed pupal cocoons (which
were assumed to be queens at this stage in the lifecycle).
The ratio between queen weight and size (weight/size),
as a potential indication of the fat content stored by
queens and which can be consumed during hibernation
(Holm, 1972; Inoue, 2011), was calculated by simply
dividing queen weight by queen size.

In 2010, colony foraging activity was evaluated by
filming the hive entrances, using a digital video
camera, for 1 h six times, at 4-6-day intervals to
record the number of out-going bees (number of bees
departing the hive/10-min “foraging trip”). We
hypothesized that colonies close to honeybees would
suffer from food shortage as a result of the presence
of honeybees, and thus would have to send out more
bees to obtain the colony’s food requirements so that
the number of departing bees (foraging trips) would
be greater in the colonies close to honeybee hives.

To test our hypotheses, we compared the different
fitness parameters between colonies close to or far from
the honeybee apiary using generalized linear models
with a gamma distribution, log link function, colonies as
replicates (with workers, males, or queens, averaged
within colonies for the individual size and weight
variables), and proximity to the apiary as the indepen-
dent factor. We used repeated-measure ANOVAs to
compare the changes in colony weight over time,
between colonies close to or far from the honeybee
apiary because weight data met the assumptions of
normality and homogeneity of variances. As we tested
cach variable separately and there were therefore
relatively many tests, we corrected for multiple com-
parisons using the sequential Bonferroni method.

3. RESULTS

Colonies gained weight throughout the ex-
perimental period in both years and at both sites
(Figure 1). In 2010, at the beginning of the
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Figure 1. The mean + SE weight gain of bumblebee colonies that were located either near to or far from a
honeybee apiary in 2 years, a 2010 and b 2012. Data are from five colonies at each location in each year.

experiment, the average biomass of the colonies
far from the apiary was 853+1.9 g (mean + SE)
and of colonies close to the apiary was 878+
14.2 g (mean + SE), with their weight increas-
ing by the end of the experiment to 1,003+£59.8
and 932+12.5 g, respectively. Therefore, by the
end of the experiment, the colonies further away
from honeybee hives gained about 151 g while
colonies nearby the honeybees gained only 55 g
(Figure la). In 2012, all colonies also gained
weight throughout the study period; however,
colonies far from the apiary gained more than
colonies close to the apiary by up to 178 g
(Figure 1b). There was a significant effect of

proximity to apiary on weight gain over time in
2010 (F,, §=5.91, P=0.041), but a marginally
non-significant effect in 2012 (F, 3=4.83, P=
0.059). Although colonies in both sites gained
weight with time, colonies far from honeybees
gained significantly more weight with time than
those located close to the honeybee apiary.

3.1. Colony reproductive success

Reproductive output varied substantially be-
tween colonies close to or far from the apiary in
both years. All colonies produced males and at
least one new queen (gyne), except one colony
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close to honeybee hives in 2012 which did not
produce any new queens. By the end of the
experimental periods, the total number of queens
produced was higher in the sites further from
honeybees (significantly so in 2010, but not in
2012 after Bonferroni correction; Table I). The
size of bumblebee queens, based on thorax width,
was significantly reduced in the colonies close to
the apiary compared to colonies far from it, in
both years (Table I), while the weight of the
queens was also higher in the colonies far from the
apiary than in colonies close to the apiary in both
years, although this was significantly so only in
2010 (Table I). In 2010, queen weight/size ratio
was significantly lower in the queens produced in
the colonies close to the honeybee apiary than in
the colonies far from it (Table I). In contrast, in
2012, the ratio was very similar between the
colonies near the honeybee hives and those further
away.

All colonies produced males and although
the number of males produced varied between
colonies, sites, and years (Table I), no signifi-
cant difference in male numbers was evident
between colonies close to or far from the apiary
in either year. Males produced by colonies far
from the honeybee apiary were slightly larger
(in terms of thorax width) compared to those
produced in colonies near the apiary in 1 year,
while male weight was very similar between the
two sites (Table I). The male/queen ratio was
significantly higher in the colonies located near
honeybee hives than in those further away in
2010, but not 2012 (Table I). It should be noted
that in 2010, the male/queen ratio was extreme-
ly high (11.9:1) in the colonies near honeybees
compared to the colonies far from honeybees
(2.5:1), whereas the male/queen ratio in 2012
was less divergent (3.7:1 and 1.6:1; Table I).

3.2. Worker size and activity

Workers from colonies far from the apiary
were significantly lighter than workers from the
colonies close to the honeybee hives in 2010,
but not in 2012 (Table I). The number of
workers was higher in the colonies further away
from the honeybee apiary, but the difference
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was not significant in either year (Table I). The
number of bees that left the colony on foraging
trips after 2 weeks was slightly, but not
significantly, higher for colonies near to the
apiary than those far from the apiary (Figure 2).
The foraging activity from all colonies was
reduced after 4 weeks, but to a much greater
extent in colonies near to the apiary in which
the number of trips was less than half of that
after 2 weeks (Figure 2). After 4 weeks, there
were, accordingly, significantly more foraging
trips being made by bees in colonies far from
the apiary than those near to the apiary (¢z=3.7,
df=8, P=0.000).

4. DISCUSSION

The results suggest that proximity to a
honeybee apiary can significantly reduce the
fitness of bumblebee colonies. Bumblebee
colonies located at a site close to the honeybee
apiary had lighter workers and produced fewer,
smaller queens in both years, and had queens
with lower weight and weight/size ratio in 1 of
the 2 years. Although the data are from only
two sites, these sites were surrounded by
essentially the same foraging landscape and
differed in no obvious way other than the
presence of the honeybee apiary. While the data
therefore does not definitively prove that the
reduced fitness of bumblebee colonies at the site
close to the apiary was due to the honeybees, as
opposed to some other unknown factor, it does
seem most plausible that the presence of
honeybees negatively affected bumblebee colo-
ny growth and fitness. The negative effect of
honeybees appeared to be generally greater in
2010 than in 2012, suggesting that the impact of
honeybees can vary depending perhaps on
temporal variation in weather conditions, flower
availability, pesticide exposure, or other envi-
ronmental factors.

Bumblebee colonies located far from the apiary
gained significantly more weight than colonies
close to the apiary in both years, which will have
been due to increases in the number or weight of
bees, or food stored inside the colony. The overall
weight gained by the colony is an indicator of
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Figure 2. The foraging activity of bumblebee colo-
nies that had been located either near to (gray
columns) or far from (white columns) a honeybee
apiary (n=5), for 2 or 4 weeks in 2010. Foraging
activity was estimated as the number of bees leaving
the entrance of the colony in 10 mins, based on three,
1-h observations in each 2-week period. A significant
difference between columns at p<0.05 is indicated by
an asterisk.

foraging success as food eventually translates to an
increase in the number or weight of bees (adult or
brood). This result is consistent with other findings
that colonies in an environment with ample
resources available can gain more weight than
colonies in environments with fewer or less
diverse resources (Goulson et al., 2002a; Westphal
et al., 2006). The number of foraging trips per
colony was not significantly different between the
two sites in the first 2 weeks, but was significantly
lower in colonies near to the apiary after 4 weeks.
This could potentially be due to individual bees
taking fewer trips or a smaller proportion of the
colony being engaged in foraging, but it seems
most likely to be simply due to the smaller size of
the colonies near to the apiary. This would explain
why there was no difference after 2 weeks but
there was after 4 weeks when the colonies at the
two sites had diverged more in size.

Data from our study showed that bumblebee
workers were lighter in colonies near honeybee
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hives, while a previous study has found them to
be smaller (Goulson and Sparrow, 2009).
Lighter, or smaller, workers are less efficient at
collecting food than heavier or larger workers
(Goulson et al., 2002b; Peat et al., 2005a). This
could be due to larger workers being better at
locating floral resources, spending less time
flying to patches, having a shorter handling
time, or being better able to forage in cooler
weather (Spaethe and Weidenmiiller, 2002; Peat
et al., 2005b). Worker body size could therefore
provide a meaningful indicator of food avail-
ability during the larval stage (Couvillon and
Dornhaus, 2009), with a colony with lighter
workers being likely to grow less. The other
negative impact honeybees could have on
bumblebee colony growth, in addition to food
depletion, is transmission of parasites or patho-
gens from honeybees to bumblebees (Genersch
et al. 2006; Graystock et al. 2013b). Due to
encounters during foraging, bumblebees could
run particular risks of acquiring infections from
honeybees if pathogens are transmitted when
sharing flowers (Durrer and Schmid-Hempel,
1994).

Colonies close to honeybee hives produced
significantly fewer, smaller, and lighter queens
in 2010, and the data suggested similar effects
in 2012 although the result in this year was only
significant for the size of queens. Thomson
(2004) also found that the number and size of
queens was negatively correlated with proxim-
ity to honeybee colonies. The lower number of
queens produced should lead to fewer new
colonies being established in the following year,
although the precise relationship between queen
numbers and population dynamics in bumble-
bees is still uncertain. However, not only the
quantity of queens produced, but also the
quality of these queens is important for colony
reproductive success. Queen body size and fat
content are important predictors of hibernation
success (Holm, 1972; Owen, 1988; Beckman et
al., 1998; Inoue, 2011). The weight/size ratio of
queens was significantly lower in colonies close
to the apiary than those far from the apiary,
suggesting that proximity to honeybee hives
reduced the quantity of fat in bumblebee
queens, which in turn, means that it could have
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impacted negatively on successful colony foun-
dation in the next spring. Another potential
impact of the honeybees is a change in colony
sex investment ratio. As queens require a
greater investment of resources to produce than
males (Beekman and van Stratum, 1998), the
hypothesis is that colony sex investment ratios
should become more male biased in colonies
under stress (e.g., close to the honeybee apiary).
Our results are consistent with this hypothesis
as, in both years, the male/female ratio was
significantly higher in the colonies close to than
far from the apiary.

In conclusion, the results suggest that honey-
bees may have a considerable negative influence
on the reproductive success of bumblebees, with
consequent implications for their population
dynamics. Although it cannot be excluded that
some other unknown difference between the sites
was involved, their similarity makes it seem most
likely that the presence of honeybees was respon-
sible for the reduced fitness of bumblebee
colonies located close to the apiary. Being based
on a comparison of only two sites, this conclusion
is obviously very preliminary, and data from
many more sites will be needed to confirm the
generality of the effect. Although the introduction
of honeybees to an area may increase the number
of bees on flowers, there is mounting evidence
that in many agricultural systems, it is not just the
number of pollinators, but also their diversity that
determines the pollination services provided
(Garibaldi et al., 2011; 2013). The pollination
benefit gained by introducing honeybees may
therefore be counteracted by the negative effects
they have on wild pollinators in the area.
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