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Abstract

1.

Bumblebees are one of the most commonly studied pollinators, but they are de-
clining in large parts of their distribution. Whether bumblebees can cope with
anthropogenic disturbances such as climate change and habitat loss depends
largely on their dispersal capacity. While bumblebee queen dispersal is estimated
to be only a few kilometres, bird migration sites have documented mass-migration
events with peak migration of 70 bumblebee queens per minute, indicating that

bumblebees can migrate over larger distances than previously thought.

. The open-access database trektellen.org contains 10 daily counts of >1,000

migrating queens past single points in the Netherlands, and one in the United
Kingdom (total bumblebee records 65,430; range 1-11,142 individuals), mostly in
early spring. Such mass-migration events are poorly documented in the scientific
literature, and usually when describing migrations of other insects such as syr-

phids and social wasps.

. Most common European bumblebee species were documented to migrate.

Bumblebees were observed flying at sea, coming from sea and flying towards the
sea, showing that they can cross large water bodies. The wind direction might have
helped to concentrate migration at landscape bottlenecks. On 1 day, bumblebee
mass-migration was documented on two sites located 200 km apart. Together
with the concentrated and directional flight this suggests that they can migrate for
several hundreds of kilometres.

. Because most mass-migration events occur in spring, large-scale shortage in suit-

able nesting sites may be the trigger for mass-migration (e.g. due to high queen
survival or low vole numbers). Future studies should test whether this is the case,

or whether bumblebees show annual seasonal migration.

. Synthesis and applications. Much remains unclear about bumblebee migration, but

it may have large consequences for the conservation of bumblebees and the eco-
system services they provide. For example, bumblebees in highly disturbed areas
like agricultural landscapes may be continuously supplemented by queens from
far-away productive natural areas. This suggests that large-scale conservation ini-

tiatives are required to maintain viable populations of common and endangered
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species. Structured observations and modern-day technology, like isotope analy-
ses or radar monitoring, may shed light on the drivers and consequences of the

overlooked phenomenon of bumblebee migration.
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migration

1 | INTRODUCTION

Bumblebees Bombus are large and attractive bees, and as a re-
sult have received much attention from researchers with hun-
dreds of scientific papers and several monographs having dealt
with the genus (e.g. Goulson, 2010; Sladen, 1912). They are the
most important native crop pollinators in Europe and North
America (Kleijn et al., 2015), and are showing pronounced de-
clines throughout these continents (Bartomeus et al., 2013;
Carvalheiro et al.,, 2013). Habitat loss and climate change are
main contributors to the declining spread of these bumble-
bees (lles et al., 2018; Soroye et al., 2020). Whether bumble-
bees can cope with climate change and habitat loss depends
largely on their dispersal capacity (lles et al., 2018; Sirois-Delisle
& Kerr, 2018), which is generally considered to be only a few
kilometres (Carvell et al., 2017; Makinson et al., 2019; Mola &
Williams, 2019). Yet, bird migration counting sites in Europe have
documented massive migration of bumblebee queens in spring,
showing that bumblebee queens can move over much larger
distances than evidence suggests (Mola & Williams, 2019). The
ability to move over long distances influences important ecolog-
ical processes, such as genetic exchange and disease spread, and
suggests that bumblebee population dynamics occur on a much

larger scale than previously thought.

2 | TREKTELLEN.ORG DATABASE

There is a vast network of bird migration counting sites across
north-western-Europe where observers regularly count birds on mi-
gration (Troost & Boele, 2019). Many of these counts are entered
into the open-access database Trektellen.org that aims to share and
document bird migration data (note: ‘trek-tellen’ is Dutch for ‘migra-
tion’-‘counting’; Trektellen.org). Each group of observers of a site de-
termines when to count, which species (e.g. all, or only raptors) and
how detailed they want the counts to be (e.g. to specify age, sex and

plumage details).

3 | BUMBLEBEE MASS-MIGRATION
EVENTS

Insect migration is only irregularly documented, based on the inter-
est of observers, and the trektellen.org database contains a total of
65,430 migrating bumblebees up to 1 August 2020, of which 95% of
the individuals originate from the Netherlands (Trektellen.org). The
three largest bird migration counting sites in the Netherlands have
registered bumblebee mass-migration events with up to 70 individu-
als per minute during peak migration (Mervyn Roos, ketelbrug.nl).
Up to 1 August 2020, 10 Dutch counts exceed 1,000 migrating
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FIGURE 1 Weekly totals of bumblebee counts in the trektellen.org database on 1 August 2020. In well over 2 million hours of migration
counts (indicated by ‘h’), a total of 65.430 bumblebees were counted (indicated by ‘n’). Source: https://trektellen.org/species/graph/0/0/1119/
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TABLE 1 Dates and locations of published counts of bumblebee migration. Data from trektellen.org only on days with more than 1,000
individuals counted (trektellen.org)

Longitude Latitude
Date Site (decimal) (decimal)
1 August 1955 Trouville (FR) 0.0818 49.3738
4 September 1955 Spurn (UK) 0.1153 53.6580
28 May 1956 Cumbria (UK) -3.3451 54.2198
16-20 June 1957 Falsterbo (SE) 12.8266 55.3853
May-June South Finland 24.4435 59.9884

1975-1977 (FIN)

22 May 1979 Baltic Sea (FIN) 24.7584 59.7761
1 April 2005 Kamperhoek (NL) 5.6413 52.6067
2 April 2005 Kamperhoek (NL) 5.6413 52.6067
24 April 2005 Kamperhoek (NL) 5.6413 52.6067
6 April 2009 Kamperhoek (NL) 5.6413 52.6067
6 April 2009 Breskens (NL) 3.5236 51.4040
29 May 2009 Bradford (UK) -1.9253 53.7969
30 March 2014 Kamperhoek (NL) 5.6413 52.6067
9 April 2016 Noordkaap (NL) 6.7500 53.4654
12 April 2016 Eemshaven (NL) 6.7444 53.4655
7 April 2018 Breskens (NL) 3.5236 51.4040
24 March 2020 Breskens (NL) 3.5236 51.4040

Total count Hours observed

(individuals) (hh:mm) Source

Few Lane (1955)

1 per minute 03:20 Owen (1956)
3-4 per minute 04:00 Birkett (1956)
Some Rudebeck (1965)
Up to 900/hr Mikkola (1978)
5 Mikkola (1984)
11,142 11:15 trektellen.org
10,180 11:45 trektellen.org
5,895 14:15 trektellen.org
1,626 08:30 trektellen.org
2,200 13:30 trektellen.org
2,000 07:00 trektellen.org
1,738 09:30 trektellen.org
3,387 10:30 trektellen.org
1,122 11:30 trektellen.org
2,790 07:55 trektellen.org
2,512 10:42 trektellen.org

bumblebee queens on a single day, all around early April (Figure 1)
in six different years (Table 1). In addition, one count in the database
from the United Kingdom (Bradford) estimated 2000 queens migrat-
ing westward in the end of May (M 4,053.8 + 3,345 SD individuals;
range 1,122-11,142 individuals, Table 1). In most cases individuals
were counted using a tally counter, but during peak moments 1-min
focussed counting was extrapolated to 15-min counts. Because bum-
blebee migration is not part of the standard protocol for bird migration
counts, and only a small fraction of the observers documents insects
on migration, it is likely that migration happens more frequently and
that the actual numbers are much higher.

Such migration events are only sparsely documented in the scien-
tific literature and are mostly just mentioned when describing move-
ment of other migrating insects. For example, bumblebees migrated
among the numbers of butterflies in northern France (Lane, 1955),
together with syrphids along the Yorkshire coast in the United
Kingdom (Owen, 1956), and with social wasps in Falsterbo, Sweden
(Rudebeck, 1965) and southern Finland (Mikkola, 1978, 1984,
Figure 2). However, Birkett (1956) mentions a migration event of about
three or four bumblebees (tentatively identified as Bombus lucorum)
passing per minute in 4 hr observing along the Cumbria coast (United
Kingdom) without other insects obviously migrating. Also none of the
1,000+ counts in the Netherlands mentioned substantial migration
of other insects (e.g. painted lady migration; Stefanescu et al., 2013),
even though butterflies are more regularly documented in the data-
base. The few publications mentioning bumblebee migration are in
stark contrast with the total number of bumblebee publications, which

suggests that bumblebee mass-migration is largely overlooked.

There is more or less consensus that these directional mass
movements of insects can be called migration (Holland et al., 2006).
While for ‘true’ migration (e.g. in birds and mammals) single individ-
uals should be travelling back and forth, this has never been docu-
mented for insects. Migrating insects generally track the season, and
their offspring travels in reversed direction (Chapman et al., 2015).
This poses the question whether bumblebee queens (and males) mi-
grate in autumn as well. Migration events in mid-June at Falsterbo
(Rudebeck, 1965), and in September along the Yorkshire coast in
the United Kingdom (Owen, 1956) indicate that this indeed may be
the case, but observations are rare in the trektellen.org database
(Figure 1), despite the large interest in autumnal bird migration.
Whether bumblebees migrate southwards in autumn needs to be

validated by more structured counting.

4 | BUMBLEBEE MIGRANTS ARE NOT
DETERRED BY LARGE WATER BODIES

Strikingly, most documented mass-migration events have in common
that they occur near coastlines at well-known bird migration bot-
tlenecks close to large water bodies, or at sea (Figure 2), suggesting
that when bumblebees encounter large water bodies they often fol-
low the shore but may also decide to cross the sea to continue their
journey (Figure 3). Bumblebees were even observed on light ships at
sea (Heydemann, 1967), flying at sea at about 50 km from the coast
(Mikkola, 1984), coming from the sea (Lane, 1955) or flying from the

coast towards the sea (Rudebeck, 1965). This behaviour could explain
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FIGURE 2 Locations of documented bumblebee migration events in north-western-Europe. Data from trektellen.org only on days with
more than 1,000 individuals counted. The arrows indicate the dominant flight direction

FIGURE 3 Bumblebees on migration at the Noordkaap, the
Netherlands on 9 April 2016. A total of 3,387 queens were arrived
from the Wadden Sea from the north, and then turned to follow the
sea dike eastwards (picture by Jacob Bosma)

the recent colonisation of Iceland by several continental bumblebee
species (Potapov et al., 2018). While bumblebees migrating over sea
may have stumbled upon Iceland before, the current, warmer climate

may have allowed populations to establish only recently.

5 | THE INFLUENCE OF WEATHER ON
BUMBLEBEE MIGRATION

The weather circumstances seem to play an important role in docu-
menting these mass-migration events. Most scientific publications de-
scribe how the weather conditions seemed to be favourable for insect
migration (e.g. Mikkola, 1978), and the described weather conditions
during the Dutch counts support this. Weather was generally fine,
relatively warm and sunny for the time of the year and with a gentle
breeze. In most locations, the wind direction has helped to ‘push’ the
bumblebees towards the coastline (e.g. Rudebeck, 1965), concentrat-
ing the stream of insects. This is a well-known phenomenon for migra-
tion (hence the choice of location for bird migration counts at these
bottlenecks). It does, however, beg the question whether bumblebee
mass-migration events are dependent on these circumstances, or

whether migration occurs nevertheless, albeit less concentrated.

6 | WHICH SPECIES SHOW MIGRATORY
BEHAVIOUR?

While species identification on the wing is not easy, many of the

common European bumblebee species were recorded in these
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migration events. Species from the white-tailed species com-
plex (queens of this complex are not identifiable on the wing;
c.f. (Carolan et al., 2012; Williams et al., 2012) such as Bombus
terrestris, B. lucorum and Bombus ruderatus were observed most
frequently (remarks in Birkett, 1956; Lane, 1955; Mikkola, 1978;
trektellen.org), followed in frequency by the somewhat later
migrating Bombus lapidarius (Heydemann, 1967; Mikkola, 1978).
Bombus hypnorum was occasionally recorded (Mikkola, 1978;
Trektellen.org), and this fits with the finding based on molecular
data that B. hypnorum has colonised the United Kingdom in re-
cent decades (Goulson & Williams, 2001) following continuous
immigration from mainland Europe (Crowther, 2017). Also the less
abundant species such as Bombus pratorum and Bombus pascuo-
rum are occasionally observed (Mikkola, 1978; Trektellen.org). This
suggests that many of the bumblebee species can show migratory
behaviour. However, bumblebee migration has mostly been docu-
mented in Europe, except for a single record of two unknown bum-
blebee species across a Nepalese mountain pass (Gatter, 1980),
and the invasion reports of European species in non-native areas
(e.g. Schmid-Hempel et al., 2014). It would be interesting to study
whether North American and Asian species show migratory be-

haviour as well.

7 | THE SCALE OF BUMBLEBEE
MIGRATION

The concentrated directional movement, combined with the
numbers of individuals counted, indicate that bumblebee migra-
tion happens on a large scale, and that they travel considerable
distances. Remarkably, two sites located 200 km apart in the
Netherlands recorded mass-migration events on the same day
(Table 1), demonstrating that bumblebee migration occurs on a
large front. The flight speed of migrating bumblebees in Finland
was estimated to be about 30 km/hr (Mikkola, 1978), and when
offered nectar (flowering Salix sp.), some queens only landed very
shortly and continued migration (Mikkola, 1984). Given that bum-
blebees were passing these observation points for several hours
(up to 8 hr a day), it is possible that individuals migrate several
hundreds of kilometres, occasionally stopping to refuel. Further
indications of the distances bumblebees may travel can be found
in areas where white-tailed bumblebees B. terrestris were intro-
duced. For example, introduced white-tailed bumblebees B. ter-
restris in Chile have extended their distribution with an impressive
200 km per year (Schmid-Hempel et al., 2014), and with 140 km
per year in New Zealand (Hopkins, 1914). In other areas this rate is
lower (Hingston et al., 2002; Kadoya & Washitani, 2010; Torretta
et al., 2006), but on average still a lot more than the measured
dispersal rate of a few kilometres in queen dispersal studies (Mola
& Williams, 2019). This gives good hope for bumblebee conserva-
tion, because it suggests that if the habitat is suitable, bumble-
bees can (re-)colonise it rapidly from close-by and from far-away

locations.

8 | WHY DO BUMBLEBEES MIGRATE?
AND WHERE DO THEY GO?

Like in other migrating insects, several hypotheses can be thought
of to explain why bumblebees migrate, for example, to avoid ex-
treme temperatures, to lower disease pressure, to escape para-
sites and enemies or to track resources such as food and nesting
sites (Chapman et al., 2015; Winger et al., 2019). That (most)
mass-migration events occur in spring suggests that a shortage of
suitable nesting sites at the place of origin could be the driver of
the events. Suitable nesting sites are a critical resource for bum-
blebee queens, and queens regularly fight for life or death over
nest sites (Sladen, 1912). Severe competition for nesting sites may,
for example, arise after years of low vole numbers (Vepsalidinen
& Savolainen, 2000), of which the abandoned nests are often
used by bumblebees, or in years with large numbers of surviving
hibernating queens due to a short winter (Beekman et al., 1998).
Volecycli and short winters usually occur on large spatial scales,
which could then trigger mass-migration in search of areas with
less competition for nest sites. As these situations do not occur
yearly, this could explain why mass-migration is more apparent in
some years than others.

The general trend in direction of the migration is that the bum-
blebees track the season and move north(-east)wards in spring on
the Northern Hemisphere. However, the counts along the Cumbria
coast (Birkett, 1956) and Falsterbo (Rudebeck, 1965) stand out for
being in opposite direction. Instead of tracking the seasons (i.e.
moving north(-east)wards), these bumblebees may have been
moving away from highly productive areas (in terms of survival of
wintering queens) in search of suitable nesting sites (i.e. ‘nesting
site limitation’). In the case of the event at Falsterbo, the alterna-
tive hypothesis could be that these were newly hatched queens
from the first generation showing reversed (autumnal) migration
(i.e. ‘seasonal migration’). Whether nesting site limitation or sea-
sonal migration (i.e. avoiding long and cold winters), or perhaps
both, drive bumblebee migration are exciting hypotheses to test
in future studies.

9 | IMPLICATIONS FOR BUMBLEBEE
CONSERVATION

Bumblebee migration has far-reaching implications on the way we
think about bumblebee conservation and the ecosystem services
they provide. As an example: bumblebees from the white-tailed
group and red-tailed bumblebees are dominant wild crop pollina-
tors throughout Europe (Kleijn et al., 2015) and seem to be able to
persist in even the most intensively farmed landscapes (Redhead
et al., 2018). The current explanation for their persistence in these
landscapes is based on the assumption that what little is left of
the semi-natural habitats is sufficient to sustain viable popula-
tions. However, the alternative explanation based on these mass-

migration events is that these populations persist because they are
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continuously supplemented with bumblebees from highly repro-
ductive natural areas (Persson & Smith, 2013) that are located far
away. Effects of long-distance migration on provision of pollination
services in agricultural landscapes should therefore be explored, for
example by incorporating it into models predicting the ecosystem
service delivery (Becher et al., 2018; Lonsdorf et al., 2009), to find
out to what extent local service provision depends on distantly lo-
cated natural areas.

Bumblebee migration can also play an important role in source-
sink dynamics of endangered bumblebees (lles et al., 2018). Future
studies should assess the role of mass-migration in the genetic ex-
change between populations of these species (Ellis et al., 2006).
These studies could suggest that in addition to local conservation
efforts in areas where species are most endangered, large-scale
conservation programs, such as National Pollinator Strategies
(Defra, 2014), are required to maintain viable (source) populations
of bumblebee species.

Even though bumblebees are well-researched, they still have
many secrets for us to discover. We now need structural bumble-
bee migration counts to reveal the exact extent of this phenomenon,
and the use of modern technologies like isotope analyses (Hallworth
et al., 2018), genetic analyses (Carvell et al., 2017) and radar monitor-
ing (Makinson et al., 2019; Wotton et al., 2019) may help us to do so.
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