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Evidence for hilltopping in bumblebees?
D A V E G O U L S O N, E . L . S A N G S T E R and J . C . Y O U N G School of Biological and

Environmental Sciences, University of Stirling, Stirling, U.K.

Abstract. Male bumblebees are known to exhibit a range of mate-location
behaviours, including perching on prominent objects and darting at passing queens,
patrolling of scent-marked flight routes, and waiting outside nest entrances for
virgin queens to emerge. Here we provide evidence for a fourth strategy, known as
hilltopping. This behaviour is widely known from a range of invertebrates, but has not
previously been described in bumblebees. We studied the distribution of bumblebees
along transects ascending four hills in Scotland and demonstrate that, relative to
workers, males of four bumblebee species or species groups (Bombus lapidarius,
B. monticola, B. pascuorum, and B. lucorum/magnus /cryptarum/terrestris) tend to
congregate at or near the tops of hills. This is, to our knowledge, the first evidence for
hilltopping in bumblebees and the first record of any putative mate-locating behaviour
for male B. pascuorum, a very common species in Europe. However, we note that,
in common with most previous studies of mate-locating behaviour in bumblebees,
attraction of virgin queens and mating were not observed.

Key words. Apidae, Bombus, Hymenoptera, male aggregation, mate location, vertical
stratification.

Introduction

The genus Bombus comprises approximately 250 species

AQ1

AQ2

worldwide which exhibit a varied and somewhat enigmatic

AQ3

range of mate location activities (reviewed in Goulson, 2010).

AQ4

Males of a small number of species are highly territorial
and aggressive, pursuing females from scent-marked look-
out posts (e.g. Bombus confusus, B. mendax, B. nevadensis,
B. griseocollis, and B. rufocinctus) (Saunders, 1909; Krüger,
1951; Schremmer, 1972; Haas, 1976; Alcock & Alcock, 1983;
O’Neill et al., 1991). Other species, including B. subterra-
neus, B. californicus, B. sonorus, B. fervidus, B. muscorum,
and B. ruderarius, have been seen to stake out the entrance to
nests from which young queens are about to emerge (Smith,
1858; Tuck, 1897; Krüger, 1951; Postner, 1951; Lloyd, 1981;
Free, 1987; Villalobos & Shelly, 1987; Foster, 1992; Darvill
& Goulson, 2007). A swarm of males may be observed out-
side each nest, and when a queen emerges they fight furiously,
and the males may also pursue her back into the nest. The
most common mate-location strategy involves males patrolling
a regular circuit of a few hundred metres in length, along

AQ5

which they have marked a number of objects such as twigs
or leaves with a species-specific pheromone secreted from
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their labial gland. This was described in detail by Darwin
(1886) in B. hortorum, and has since been observed in many
others including B. sylvestris, B. bohemicus, B. pascuorum,
B. lapidarius, B. terrestris, and B. lucorum (Haas, 1949;
Krüger, 1951; Awram, 1970; Bringer, 1973; Svensson, 1979;
Bergström et al., 1981; Prys-Jones & Corbet, 1991; Bergman
& Bergström, 1997). An interesting feature of this behaviour
is that many males of the same species may follow the
same route, so that streams of them pass by any particu-
lar point. However, virgin queens have not been observed to
be attracted to these patrolling routes (discussed in Goulson,
2010).

An as yet unexplained phenomenon is that mate location
behaviour is very rarely seen in some common bumblebee
species. For example B. pascuorum is abundant in much of
Europe, but its mate-locating mechanism is poorly known
(Awram, 1970; Fussell & Corbet, 1992). It may be that there
are other mating systems used by bumblebees that are not
easily observed (Williams, 1991).

Based purely on anecdotal evidence, Goulson (2010) sug-
gests that B. lucorum and B. sylvestris may exhibit hilltopping,
a phenomenon well known from other insects such as butter-
flies, flies, and wasps whereby any insect seeking a mate heads
to the top of the nearest hill, a behaviour that serves to con-
centrate sexually active individuals (e.g. Alcock, 1994, 2007;
Alcock & Kemp, 2006). Here, we examine the relative distri-
bution of worker versus male bumblebees along transects that
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ascend hills in Scotland, with the aim of testing whether male
bumblebees do indeed aggregate at the tops of these hills.

Methods

Transects were set up from the bottom to the top of four small
but prominent hills in Central Scotland, UK, each of which
rises sharply from a substantial lowland area and is visible from
a distance of many kilometres. These were Stirling Castle (alti-
tude 89 m, 56◦07′26′′N, 3◦56′53′′W), Wallace Monument (alti-
tude 99 m, 56◦08′19′′N, 3◦55′04′′W), Dumyat Hill (altitude
389 m, 56◦09′27′′N, 3◦52′34′′W), and Loudon Hill (altitude
279 m, 55◦36′53′′N, 4◦12′43′′W). The habitats encompassed
by the transects were varied; Stirling Castle was mostly grass-
land and scrub close to an urban area; Wallace Monument was
along woodland edge; Dumyat Hill was through acidic grass-
land and heath; Loudon Hill was rough grassland, scrub, and
woodland edge. The transects were divided into four sections
of equal length, hereafter described as lower, middle, upper,
and top. Each transect was visited eight times during August
and September 2010, and walked in a random direction at a
steady pace, recording and counting the species and caste of all
bumblebees within 2 m either side. When in doubt, bees were
captured for closer inspection and then released. Workers of the
closely related species B. terrestris, B. lucorum, B. magnus,
and B. cryptarum cannot be reliably separated in the field, so
these species were pooled for data analysis and are henceforth
described as the B. terrestris group.

The counts of bees within each section of the four transects
were analysed using a generalised linear model with Poisson
errors with a log link function in PASW Statistics version
17.0, using position on the hill, sex, and species as explanatory
factors, with all two-way and the three-way interactions.

Results

In total 507 bumblebees (254 workers and 275 males) of seven
species or species groups were recorded: B. terrestris group
(n = 196), B. lapidarius (n = 132), B. pascuorum (n = 114),
B. monticola (n = 41), B. pratorum (n = 10), B. sylvestris
(n = 8), and B. hortorum (n = 4). For all species and hills
pooled, the proportion of males to workers differed according
to height, with the lowest proportion of males at the bottom
of the hills (0.289) and the greatest in the two highest sections
(0.634 for the upper section and 0.614 for the hilltop) (χ2

test of association, χ2
2 = 36.0, P < 0.001, Fig. 1). For species-

level analysis using the generalised linear model, B. pratorum,
B. sylvestris, and B. hortorum were excluded as sample sizes
were small. In accordance with the simple χ2 test, there was a
significant two-way interaction between sex and position on the
hill, with more males and fewer workers in the higher sections
of the transects (χ3

2 = 23.2, P > 0.001, Fig. 2). However,
there was no significant three-way interaction, suggesting that
all four species included in the model exhibit the same trend of
increasing proportions of males at higher altitude on the hills
(χ9

2 = 9.09, P = 0.429). Although the trend for B. lapidarius
appears to be less convincing than for the other three species,

Fig. 1. The proportion of males of all bumblebees recorded according
to position along a linear transect running from the bottom to the top
of four hills (hills and bee species pooled) (±SE).

Fig. 2. The proportion of males of four bumblebee species recorded
according to position along a linear transect running from the bottom
to the top of four hills (hills pooled).

for all four species the largest proportion of males was recorded
at the tops of the hills (Fig. 2). There was also a significant
two-way interaction between sex and species, indicating that
the ratio of males to workers differed between the four
species (χ2

3 = 24.1, P > 0.001, proportion of males was 0.36,
0.48, 0.59, and 0.67 for B. lapidarius, B. terrestris/lucorum,
B. monticola, and B. pascuorum, respectively).

Discussion

This study shows that male bumblebees become proportion-
ately more abundant, relative to workers, at or near the tops
of hills compared with the bottom. This pattern held true for
four species or species groups, B. lapidarius, B. monticola,
B. pascuorum, and the B. terrestris group. This pattern could
conceivably be explained if the hilltops tended to provide flow-
ers that males prefer, while the lower areas tended to provide
flowers that workers prefer. As a broad generalisation, males
and workers do differ in their foraging preferences, with males
generally favouring Asteraceae such as Centaurea and Cir-
sium spp., and workers tending to favour Fabaceae, although
there is considerable overlap and flexibility (e.g. Goulson et al.,
2005, 2008). Although the vegetation was not quantified in
detail, this possibility seems unlikely because Asteraceae are
not generally associated with hilltops and vegetation did not
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change markedly along the transects. For example, the transect
at Dumyat Hill was dominated by acidic grasslands and heather
moorland, with Calluna and Erica providing the only signifi-
cant sources of forage for bumblebees. The Wallace Monument
transect was entirely through woodland, following a broad
track, with Epilobium spp. the main source of forage. An alter-
native explanation might be that bumblebees have an innate
tendency to forage uphill. For montane species it might make
sense for workers to travel uphill from their nest so that their
fully laden return journey is downhill, and it is conceivable that
this might have non-adaptive consequences for male behaviour
which, since males do not have to return to their nest, could
result in them accumulating at hill tops. However, we suggest
that the most likely explanation for the predominance of males
at hilltops is that bumblebees use hilltopping as a mating strat-
egy, as many other insects are known to do, with males and
virgin females gravitating towards the highest local point.

As with almost all studies of mate location strategies in bum-
blebees, an obvious weakness of our study is that no mating
was observed, or indeed any queens. However, the sex ratio of
bumblebees is heavily male biased (reviewed in Bourke, 1997;
see also Beekman & Van Stratum, 1998) and virgin queens are
thought to find a mate swiftly and rest while mating in dense
vegetation, so observing the encounters between males and
virgin queen is inevitably rare even while the efforts of males
to find females may be conspicuous (for example when males
patrol scent marks). It might be informative in this respect to
use harmonic radar tags (Riley et al., 1999) to follow virgin
queens, although estimates of queen movement suggest that
they may rapidly travel beyond the ∼700 m detection range of
this technology (Lepais et al., 2010). It would also be valuable
to study the behaviour of males directly, using mark–recapture
to examine how long they remain on hill tops, and also to col-
lect data on their behaviour at hill tops. The males recorded
in this study were not actively involved in any obvious mate-
locating activity, but were mostly feeding or resting on flowers.
Further studies are required before we can conclude beyond
doubt that the accumulation of male bumblebees on hilltops is
a behaviour related to mate location.

The distribution of different mate-location behaviours in
bumblebees does not appear to correspond to phylogeny. For
example, when compared against the phylogeny of Cameron
et al. (2007), bumblebees that are territorial fall into five
separate subgenera, while patrolling species fall within eight
subgenera (O’Neill et al., 1991). Some of the species that we
suggest are hilltopping are also known to patrol scent-marked
routes (e.g. B. lucorum, B. lapidarius, Haas, 1949; Awram,
1970), and it seems likely that the strategy used may be flexible
and vary according to circumstance (for example, there are not
always prominent hills present). As noted in the Introduction,
prior to this study we had very little information on the mating
behaviour of B. pascuorum, one of the most abundant species
in Europe. It exhibits the most marked bias towards males
being found on hilltops of the four species found in sufficient
abundance to analyse, so it may be that hilltopping is the
primary mate location mechanism in this species. In lowland
areas it might use prominent landmarks such as the tops of
tall trees, which could explain the paucity of observations.

For many bumblebee species, including some common ones,
there remain no records of their mate-location strategy, and this
remains an intractable but fascinating subject that challenges
the ingenuity of future researchers.
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