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Abstract

Some bumble bee species are in decline globally. Declines have been attributed to many factors including habitat loss. Habi-
tat is an integral component of any species and should be a central focus of conservation efforts to protect at risk species.
However, the habitat of bumble bee species is not fully understood. We conducted a systematic review of the peer-reviewed
literature using Web of Science to summarize articles that have described the habitat of bumble bee species. In total, 55 nest-
ing and 10 overwintering habitat studies are described in this review. We described common patterns associated with bumble
bee studies including overwintering habitat, landscape type, and ground position. We found that bumble bee nests are more
frequently found underground and that studies were biased towards the United Kingdom and agricultural habitats. There are
some preferences in nesting and overwintering habitat, but further research is needed to draw any substantial conclusions.
Detection of nesting and overwintering site studies may be improved using citizen science initiatives and possibly through
employing detection dogs or radio-telemetry. Increasing the detection of nesting and overwintering sites is an important
priority to improve our understanding of bumble bee habitat. It is critical that we identify all aspects of bumble bee habitat
to ensure the protection, restoration and creation of important resources to ensure their conservation.

Keywords Bombus - Bumble bee habitat - Bumble bee nesting - Nest detection methods - Nesting resources -
Overwintering habitat

Introduction

Some bumble bee species (34.7%) are in decline globally
(Arbetman et al. 2017). Suggested threats that are con-
tributing to bumble bee declines include climate change,
pathogen spillover, pesticides, invasive species competition
and habitat loss (Colla et al. 2006; Brown and Paxton 2009;
Grixti et al. 2009; Goulson et al. 2015; Thomson 2016).
Habitat loss especially has been cited as the main threat
to bumble bees in Europe (Goulson et al. 2008; Williams
and Osborne 2009). Bumble bee declines are problematic
both to crop and wild plant systems, especially in temperate
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regions. This is because bumble bees are efficient pollina-
tors in conditions where other pollinators are not effective
such as during cool and wet weather (Willmer et al. 1994;
Bishop and Armbruster 1999). Bumble bees are also able to
buzz pollinate plant species that require this method of pol-
lination (Goulson 2003). To address these observed declines
there has been a focus on protecting and improving pol-
linator habitat (Carvell 2002; Lye et al. 2009; Roulston and
Goodell 2011). However, these efforts have mainly focused
on increasing available forage (Carvell et al. 2007; Dicks
et al. 2015; Moquet et al. 2017) and this is only one compo-
nent of bumble bee habitat. Bumble bees require three main
resources to complete a colony cycle: nesting, forage, and
overwintering sites (Kearns and Thomson 2001). Overall,
we lack understanding about what specifically characterizes
bumble bee habitat besides describing very general ecosys-
tem types where bumble bees are found and the types of
forage species bumble bees utilize (Colla 2016). Nesting and
overwintering requirements for bumble bees are extremely
understudied likely due to the difficulty in locating these
sites (Darvill et al. 2004; Waters et al. 2011; O’Connor et al.
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2017). Compiling available literature, exploring patterns in
previous research as well as outlining knowledge gaps are
next critical steps for the conservation of bumble bees as
we need to ensure we are protecting all aspects of bumble
bee habitat. Additionally, this information is often needed
when defining a species’ critical habitat for legal protections.
The nesting and overwintering requirements for bumble bees
need to be better described to effectively address habitat pro-
tection for those in decline.

Methods
Literature review

A systematic literature review was conducted on February 5,
2018 using Web of Science. This search was part of a larger
literature review for all of bumble bee habitat. The following
search terms were used: (nest*) OR (forag* OR floral OR
flower*) OR (overwinter* OR hiberna*) AND (bombus OR
bumble bee OR bumblebee) AND (habitat OR resource*). A
total of 955 articles resulted from this search. A preliminary
refinement excluded 430 articles that were reviews, did not
study bumble bees, or were not focused on bumble bee habi-
tat. Of the remaining 525 articles, 53 appeared to be related
to nesting or overwintering habitat (51 for nesting and 2
for overwintering) and were refined further for this review.
These 53 studies were identified as potentially relevant to
the review by reading the paper’s title and abstract. These 53
studies were read in their entirety and we determined that 25
of these studies were not relevant (i.e. were focused on crop
yields, did not actually involve finding nesting/overwinter-
ing sites or describing nesting/overwintering habitat), or we
could not access (3 studies) due to no digital copy available.
The literature cited section of the remaining 28 articles (26
nesting, 2 overwintering) was searched for additional rel-
evant articles. This resulted in an additional 29 nesting and 8
overwintering studies that were included in this review. The
search terms were then input into Scopus to locate any addi-
tional missing studies. The resulting papers from the Scopus
search did not add any missing papers from our original Web
of Science and literature cited searchers (i.e. all papers in the
Scopus search results were already included in our literature
review). The final total number of studies included in this
review were 55 nesting and 10 for overwintering. Some of
the studies included in the review looked at both nesting
and overwintering habitat and were coded as separate stud-
ies even though they were from the same article. This was
done to allow more efficient summaries of nesting and over-
wintering habitat. The 55 and 10 nesting and overwintering
studies respectively, resulted from 59 separate articles (i.e.
6 articles looked at both nesting and overwintering bumble
bee habitat) (Table 1).
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Data extracted

The data extracted from each study was the study location
(latitude and longitude), study species information (species,
subgenus), and descriptions of the study site location (land-
scape and patch types, soil). If GPS coordinates were not
provided in the study, we used description of the study site
to approximate where the study took place and estimated
the GPS coordinates using Google Earth. Ground cover
(i.e. bare ground, litter, moss, etc.) was also described for
overwintering studies. Additional information was extracted
(when available) for nesting studies including the number
of nests per species in each study, ground position of nests
(aboveground, surface, underground), detection method
used to find nests (detection dogs, molecular methods, nest
searching queens, observational, and statistical modelling),
nesting materials (i.e. what the nest was made from), and
nest density. Molecular methods and some of the statistical
models used to detect nests did not locate or describe the
actual nest.

Data analysis

The data were summarized by subgenus, landscape type or
ground position of nests to determine if there was a rela-
tionship between (i) where nests are located by landscape
type and subgenus, (ii) ground-position of nests and land-
scape type and, (iii) subgenus and ground-position of nests.
To examine these potential relationships the proportion of
nests by subgenus, landscape type of ground position was
compared. Landscape types were classified as: agricultural,
alpine, forest, forest edge, grassland, tropical forest, urban
or other. Agriculture includes all types of agriculture includ-
ing intensive, conventional, and stewardship practices. It
also includes non-arable areas such as hedgerows, pastures,
woodlots, and grasslands. Grasslands included meadows,
heathlands, and machair. The ‘other’ category includes land-
scape types that were not well represented across the studies:
wetlands, dunes, shrublands, and human-associated (but not
developed enough to be considered urban). If a range of
nests were included in a study, the lowest number of nests
in the range were assigned as the number of nests to keep a
conservative estimate. If a study included more than one cat-
egory (i.e. more than one ground position for the same spe-
cies) the study was double coded. To determine if there was
a relationship between subgenus, landscape type or ground
position, three Chi square tests were performed comparing:
(i) subgenus and landscape type, (ii) subgenus and ground-
position, (iii) ground-position and landscape type.
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Table 1 Bumble bee species information for all studies included in
the literature review. Species are divided into subgenera. Numbers
in brackets indicate the number of studies reported, square brackets
are the number of overwintering studies. The IUCN red list status
(IUCN, 2017) for each species is given. Bumble bee nest or overwin-

tering detection methods are shown under method and include detec-
tion dogs (dogs trained to find nests) molecular (i.e. genetic analysis),
observational (i.e. transect visual surveys), Nest-searching queen sur-
veys (as a proxy for bumble bee nest density), and modeling (i.e. pre-
dicting nest locations based on floral resources)

Species Continent IUCN status’ Method
Alpigenobombus (1) Bombus wurflenii (1) Europe Not assessed Observational'
Alpinobombus (8) Bombus alpinus (1) Europe Vulnerable Observational®
Nest-searching queens’
Bombus balteatus (3) Europe? Not assessed Nest-searching queens?
North America®* Molecular®
Observational>*
Bombus hyperboreus (2) Europe? Not assessed Observational®!
North America®! Nest-searching queens?
Bombus polaris (2) Europe? Data deficient Observational®!
North America®! Nest-searching queens?
Bombias Bombus auricomus (1) North America Least concern Observational’®
] Bombus nevadensis (2)[1]° North America Least concern Observational>®
Bombus sensu stricto (33)[4] Bombus affinis (2) North America Critically endangered Observational®
Bombus hypocrita (1) Asia Not assessed Observational®
Bombus ignitus (1) Asia Not assessed Observational’
Bombus lucorum (10)[2]55'56 Europe Not assessed Detection Dogsm
Nest-searching queensz' H-14
Observational »>!416
Bombus occidentalis (4) North America Vulnerable Nest-searching queens'”
Observational”” ' 12
Bombus terrestris (14)[2]°>° Europe!*-1420:23 Not assessed Detection dogs!”
Asia®® Molecular®® 23
Australia®” 2 Nest-searching queens' '~

Cullumanobombus (46[1]

Megabombus (13)[3]

Melanobombus (11)[2]

Mendaci-bombus (1)
Pyrobombus (46) [10]

Bombus terricola (2)
Bombus griseocollis (1)
Bombus melaleucus (1)
Bombus rufocinctus @[
Bombus diversus (1)

Bombus hortorum (9)[2]>>°

Bombus ruderatus (3)[11°°

Bombus lapidarius (1 D[27>>¢

Bombus handlirschianus (1)
Bombus ardens (4)

Bombus beaticola (1)

Bombus bifarius (4)[1]37

Bombus bimaculatus (1)[11®
Bombus centralis (1)
Bombus flavifrons @[’

Bombus frigidus (2)[11%7

North America
North America
South America

North America

Asia

Europe

Europe
Australia

Europe

Asia
Asia

Asia

North America

North America
North America

North America

North America

Vulnerable
Least concern
Data deficient

Least concern

Not assessed

Not assessed

Not assessed

Not assessed

Not assessed

Not assessed

Not assessed

Least concern

Least concern
Least concern

Least concern

Least concern

Observational 4162528
Observational
Observational®
Observational®

Nest-searching queens17
Observational 82930
Observational’
Detection dogs!”

Nest-searching queens
Observational'+!3-2527

11-14

Observational>>28

Detection dogs®?
Molecular?>?
Nest-searching queens
Observational 141625

11-14

Observational®
Observational®3*-3¢
Statistical model**3¢
Observational®
Molecular®
Nest-searching queens
Observational %%

17

Observational’
Observational’’

Molecular®
Nest-searching queens'’
Observational'® 37

Observational'$37
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Table 1 (continued)

Species

Continent

IUCN status’

Method

Sibirico-bombus (1)
Subterraneobombus (7)[2]

Thoracobombus (41) [2]

Psithyrus [5]

Bombus huntii (2)[1177
Bombus hypnorum (2)

Bombus impatiens (2)[2]%%

Bombus jonellus (2)

Bombus lapponicus (1)
Bombus melanopygus (1)
Bombus mixtus (2)
Bombus monticola (1)

Bombus pratorum (9)[2]°%%°

Bombus sylvicola @

Bombus ternarius (2)
Bombus vagans (3)
Bombus niveatus (1)
Bombus appositus @[>
Bombus borealis (2)

Bombus distinguendus (2)

Bombus subterraneus (1)[11°°

Bombus brevivillus (1)
Bombus deuteronymus (1)
Bombus fervidus G+
Bombus medius (2)
Bombus mesomelas [1]
Bombus mucidus (2)
Bombus muscorum (1)

Bombus pascuorum (15)

Bombus pensylvanicus (1)
Bombus pseudobaicalensis (1)
Bombus pullatus (3)

Bombus ruderarius (2)

Bombus schrencki (2)

Bombus transversalis (5)

Bombus barbutellus [11%
Bombus campestris 17
Bombus sylvestris 17

Bombus vestalis [2]°7

North America

Europe

North America

Europe

Europe
North America
North America
Europe

Europe

North America

North America
North America
Asia

North America

North America

Europe

Europe

South America
Asia

North America
North America
Europe

South America
Europe

Europe

North America
Asia
South America

Europe

Asia

South America
Europe

Europe

Europe

Europe

Least concern

Not assessed

Least concern

Data deficient

Least concern
Least concern
Least concern
Not assessed

Not assessed

Least concern

Least concern
Least concern
Not assessed

Least concern

Least concern

Data deficient

Not assessed
Data deficient

Data deficient
Vulnerable
Vulnerable
Not assessed
Least concern
Not assessed

Not assessed

Vulnerable
Not assessed
Data deficient

Not assessed

Not assessed

Least concern
Not assessed
Not assessed
Not assessed

Not assessed

Nest-searching queens'’
Observational’’

Nest-searching queens?
Observational'®
Observational”®
Detection dogs®?
Nest-searching queens?
Nest-searching queens?
Observational®’

Observational'$37

Nest-searching queens?

Molecular®
Nest-searching queens
Observational>!'41623

2,11-14

Molecular®
Observational®’

Observational 37

Observational?*37

Observational®®

Observational'®*

Nest-searching queens’
Observational®

Detection dogs*?
Molecular*

Nest-searching queens'”

Observational®®

Observational®

Observational 318 2% 44

Observational*0

Observational®

Observational*!#?

Detection dogs®?

Detection dogs'®
Molecular?-2*
Nest-searching queens

Observational ' 16

11-14,

Observational®

Observational®
Observational*’
Nest-seeking queens'?

Observational

Observational**>°

Observational®' =+
Observational
Observational
Observational

Observational
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Table 1 (continued)

"Dramstad (1996)

2Svensson and Lundberg (1977)
3Geib et al. (2015)

“Hobbs (1964)

SHobbs (19654, b)

%Rao and Skyrm (2013)

"Plath (1922)

8Plath (1927)

°Sakagami and Katayama (1977)
190’ Connor et al. (2012)

L ye et al. (2009)

12Svensson et al. (2000)

13Kells and Goulson (2003)
14O’ Connor et al. (2017)
150sborne et al. (2008)

1S ye et al. (2012)

"Bowers (1985)

8Richards (1978)

YGamboa et al. (1987)
2Darvill et al. (2004)

2IKnight et al. (2009)
22Goulson et al. (2010)
ZKnight et al. (2005)
2*Herrmann et al. (2007)
2Fussell and Corbet (1992)
2Inoue et al. (2010)

2TBarron et al. (2000)

28Palmer (1968)

Harder (1986)

30Hobbs (1965a, b)

3Milliron and Oliver (1966)
3Waters et al. (2011)

3De Meulemeester et al. (2011)
3Suzuki et al. (2007)
35Nakamura and Toquenaga (2002)
36Suzuki et al. (2009)

3"Hobbs (1967)

3Rasmont et al. (2008)
3Hobbs (1966a)

“OCharman et al. (2010)
#lSakagami et al. (1967)
“Gonzalez et al. (2004)

#de Oliveira et al. (2015)
“Hobbs (1966b)

45Michener and Laberge (1954)
4Rau (1941)

4TChavarria (1996)

“8Hines et al. (2007)

“Janzen (1971)

30Sakagami and Nishijima (1973)

@ Springer
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Table 1 (continued)

31Taylor and Cameron (2003)
320lesen (1989)

33Ramirez and Cameron (2003)
S4Cameron et al. (1999)

35 Alford (1969)

%6Sladen (1912)

STBols (1937)

38Szabo and Pengelly (1973)
Hoffmann et al. (2004)

Results and discussion

A total of 59 unique articles studies were retained for
analysis. Ten studies examined overwintering habitat and
55 examined nesting habitat (some studied described both
nesting and overwintering habitat) (Table 1). The lack of
studies investigating nesting or overwintering is apparent
when comparing the number of primary articles related
to bumble bee habitat in general (525 articles identified
from our preliminary refinement). Since most studies were
focused on nesting habitat, most analyses in this review
were focused on nesting habitat. These studies spanned
five continents with most studies based in the United King-
dom (Fig. 1). Three overwintering studies took place in
Europe while the others were in North America (Fig. 1).
The small sample of articles examining bumble bee nest-
ing habitats makes deriving substantive conclusions about
the requirements for nesting and overwintering habitat
challenging. To overcome this limitation somewhat, we
summarized our findings at the subgeneric level. By sum-
marizing our data this way, however, we may be confound-
ing potential regional preferences in nesting or overwinter-
ing habitats and this should be considered. Additionally,
the presence of a bumble bee nest or overwintering queens
does not necessarily mean that the surrounding areas are
high quality or preferred habitat. However, the available
content provides an important summary of our current
knowledge on bumble bee nesting habitat and areas of
focus for future studies.

Overwintering habitat

The 10 overwintering studies occurred in North America
and Europe with publication dates spanning from 1912 to
1973. These studies included 23 different bumble bee spe-
cies and nine subgenera (Table 1). These studies described
different aspects of bumble bee overwintering habitat includ-
ing the landscape and patch characteristics, ground cover,
soil type as well as the depth, density, depth, distance from
the nest, that overwintering queens were found. Finally, a

@ Springer

single study examined the temperature during overwintering
and spring emergence of Bombus impatiens queens at the
University of Guelph, Ontario, Canada (Szabo and Pengelly
1973).

The overwintering studies took place in mountainous
areas, grasslands, forests as well as a university campus
(surrounded by urban development and agricultural areas).
All overwintering queens were found underground. Over-
wintering queens were most often observed in shaded areas
usually near trees and in banks without dense vegetation
(Sladen 1912; Plath 1927; Bols 1937; Hobbs 1967; Alford
1969). There were a few observations by Alford (1969) and
Sladen (1912) where queens were found in the open (B. lapi-
darius (Sladen 1912)) or away from trees (B. mesomelas, B.
lucorum—found both away and under trees, (Alford 1969)).
Overwintering queens were most often found in north-facing
slopes (Sladen 1912; Bols 1937; Hobbs 1967; Alford 1969),
but they were also found in slopes facing east, west and
south by Hobbs (1967), and few overwintering sites were
flat, namely for Bombus impatiens (Plath 1927), B. pratorum
and B. mesomelas (Alford 1969). Alford (1969) noted that
bumble bee queens may preferentially overwinter in north-
facing slopes to prevent emerging too early on a warm or
sunny day in the winter. The soil type was often described
as sandy, well-drained, or loose where queens were found
overwintering (Bols 1937; Plath 1927; Hobbs 1967; Alford
1969), however, B. huntii was found only in moist soil by
Hobbs (1967). Whether this pattern of queens preferentially
selecting shaded north facing banks is consistent across spe-
cies would be an important future study question.

The ground cover where bumble bee queens overwin-
tered was similar across the studies. Overwintering queens
avoid areas with dense vegetation and will overwinter in
bare-earth, moss, under tree litter, or in bare-patches within
short grass (Sladen 1912; Plath 1927; Bols 1937; Hobbs
1965a, b, 1967; Alford 1969). Whether there are preferences
for a certain ground cover at the species or subgenus level
cannot be determined with the current level of overwinter-
ing studies, however, this would be an interesting avenue of
future research.
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Fig. 1 Map of study locations. Blue circles =overwintering study loca-
tions, green=nesting study locations, turquoise=studies that described
both overwintering and nesting habitat. The numbers correspond to the
study number found in Table 1). 1. Dramstad (1996) 2. Svensson and
Lundberg (1977) 3. Geib et al. (2015) 4. Hobbs (1964) 5. Hobbs (1965a,
b) 6. Rao and Skyrm (2013) 7. Plath (1922) 8. Plath (1927) 9. Sakagami
and Katayama (1977) 10. O’Connor et al. (2012) 11. Lye et al. (2009) 12.
Svensson et al. (2000) 13. Kells and Goulson (2003) 14. O’Connor et al.
(2017) 15. Osborne et al. (2008) 16. Lye et al. (2012) 17. Bowers (1985)
18. Richards (1978) 19. Gamboa et al. (1987) 20. Darvill et al. (2004)
21. Knight et al. (2009) 22. Goulson et al. (2010) 23. Knight et al. (2005)
24. Herrmann et al. (2007) 25. Fussell and Corbet (1992) 26. Inoue et al.

Overwintering queens hibernate at varying depths within
the soil, at large densities, and they may or may not hiber-
nate close to their nest. Queens were found to overwinter at
depths between 2 and 15 cm. The depth queens hibernate
at may vary by ecosystem type and region in order to best
regulate temperature to optimize emergence time (Hobbs
19664a, b, 1967; Alford 1969; Szabo and Pengelly 1973).
The average overwintering depths of queens reported are: B.
nevadensis 11.43 cm in loose soil, 7.62 cm in compact soil
(Hobbs 1965a, b); B. rufocinctus 4.32 cm (Hobbs 1965a, b);
B. flavifrons and B. bifarius 10 cm, B. frigidus and B. sylvi-
cola 2.54 cm (Hobbs 1967); B. appositus 6.35 cm (Hobbs
1966a); B. fervidus 2—4 cm (Hobbs 1966b). The overwinter-
ing studies reported finding large densities of queens hiber-
nating in the same location and sometimes multiple queens

&3

S8

2728

(2010) 27. Barron et al. (2000) 28. Palmer (1968) 29. Harder (1986) 30.
Hobbs (19654, b) 31. Milliron and Oliver (1966) 32. Waters et al. (2011)
33. De Meulemeester et al. (2011) 34. Suzuki et al. (2007) 35. Nakamura
and Toquenaga (2002) 36. Suzuki et al. (2009) 37. Hobbs (1967) 38.
Rasmont et al. (2008) 39. Hobbs (1966a) 40. Charman et al. (2010) 41.
Sakagami et al. (1967) 42. Gonzalez et al. (2004) 43. de Oliveira et al.
(2015) 44. Hobbs (1966b) 45. Michener and Laberge (1954) 46. Rau
(1941) 47. Chavarria (1996) 48. Hines et al. (2007) 49. Janzen (1971)
50. Sakagami and Nishijima (1973) 51. Taylor and Cameron (2003)
52. Olesen (1989) 53. Ramirez and Cameron (2003) 54. Cameron et al.
(1999) 55. Alford (1969) 56. Sladen (1912) 57. Bols (1937) 58. Szabo
and Pengelly (1973) 59. Hoffmann et al. (2004). (Color figure online)

were found in the same hibernation chamber (Hobbs 1965a,
b). Alford (1969) also reported that the same overwintering
site may be used repeatedly. There were conflicting reports
as to whether the overwintering sites were located near nests.
Plath (1927) found 103 hibernating queens of B. impatiens
that chose overwintering sites very close to their nests, how-
ever, they could not find any hibernating queens of B. affinis
or B. fervidus close to their nests. Alford (1969) stated that
queens do not preferentially overwinter close to their nests.
A more recent study by Carvell et al. (2017) reported vary-
ing dispersal distances of spring queens from natal nests
with a positive correlation observed between spring queen
dispersal and habitat quality at various spatial scales. It may
be possible that there are species-specific preferences in

@ Springer
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Fig.2 Landscape-level nest-
ing habitat for the bumble

bee subgenera. Values are the
proportion of nests found for
each subgenus by landscape
type. The number of studies
that included each subgenus is
indicated in brackets. Fractions
denote the number of species
represented in the review per
the total number of species
within the subgenus

(26) Thoracobombus 14/51+

(7) Subterraneobombus 4/114

(1) Sibiricobombus 1/8-

(46) Pyrobombus 19/504

(1) Mendacibombus 1/124

(11) Melanobombus 1/18+

subgenus

(15) Megabombus 3/134

(6) Cullumanobombus 3/23-

(48) Bombus sensu stricto 7/174

(3) Bombias 2/3

(6) Alpinobombus 4/9-

(1) Alpigenobombus 1/8+

agricultural

alpine

relation to nest distance, but it may also depend on whether
there is suitable overwintering habitat near the nest location.

The soil temperature measured in the B. impatiens
overwintering sites at the University of Guelph (Ontario,
Canada) varied between —2.5 and 1.1 °C depending on the
air temperature and snow pack (Szabo and Pengelly 1973).
Soil temperature was found to have a strong influence on
queen emergence in the spring with emergence occurring
at temperatures between 13 and 17 °C. It is unclear whether
the temperature range for overwintering and emergence as
determined by Szabo and Pengelly (1973) would be similar
across other bumble bee species and this should be the focus
of future physiological studies of bumble bee overwintering.

Nesting habitats

Bumble bees exhibit a generalist nesting pattern across
landscape types with no clear preferences in landscape types
for nesting within subgenera (Fig. 2). Wild nests, artificial
domiciles and nests in human structures were collectively
considered. Bumble bee nests were found in eight landscape
types: agricultural, alpine, dune, forest, forest edge, grass-
land, tropical forest and urban. Wild nests were found in more
landscape types (agriculture, alpine, dune, forest, shrubland,
tropical forest, urban and wetland) than nests found in human
structures or artificial domiciles (agriculture, alpine, forest,

@ Springer

oA

0.25 0.50 0.75 1.0
proportion of Bombus species

o
o

forest-edge, grassland, urban). Although the Chi square test
showed that there was a significant relationship between
bumble bee subgenera and locations of nests within the
different landscape types (Chi squared =148.91, df =70,
p=<0.001), there were large differences in the number of
studies that reported each subgenus that likely contributed
to this result. The most common landscapes for bumble bee
nests were grasslands, agriculture and forests. Wild nests
were found most commonly in forests followed by agricul-
ture, grasslands, urban areas, tropical forests, alpine, dunes,
shrublands, wetlands. Artificial domiciles and nests in human
structures were also found most commonly in forested areas
followed by urban areas, grasslands, forest-edge, alpine, and
agriculture. There is a need to expand studies across more
landscape types and geographical locations especially in
alpine, dune, and urban habitats. Studies in semi-arid areas,
dunes, tundra, and alpine are especially needed because we
found no or few studies on bumble bee nesting in these habi-
tats but bumble bees are found in these areas (Shelly et al.
1991; Koch et al. 2012; Eidesen et al. 2017). This should
allow a clearer understanding of the nesting preferences of
bumble bees across all habitats where bumble bees.

Most studies on the nesting habitat of bumble bees had
at least part of their observations occur in agricultural land-
scapes (81.8%), but few nests were found within arable
land. Most bumble bee nests (79.5%) within agricultural
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landscapes were found in field margins/hedgerows, in sur-
rounding patch types (woodlands, meadows, gardens) or
pastures. Five of the eleven studies that found nests within
arable lands used molecular techniques to determine nesting
density (Darvill et al. 2004; Herrmann et al. 2007; Knight
et al. 2009, 2005; Goulson et al. 2010; Geib et al. 2015).
Since these studies did not locate the nests, it may be that
nests were not actually within arable lands, but rather the
surrounding landscape. The remaining six studies that found
bumble bee nests in arable lands used observational methods
to detect the nests (Rau 1941; Chavarria 1996; Janzen 1971,
Barron et al. 2000; Rao and Skyrm 2013; de Oliveira et al.
2015). Nests were found within arable lands in these stud-
ies because planting and harvesting of crops was not highly
disruptive, e.g. no tilling (Rao and Skyrm 2013) such as
banana or coffee plantations (Chavarria 1996; Janzen 1971;
de Oliveira et al. 2015), or through supplementation of nest-
ing sites using artificial domiciles (Barron et al. 2000). Pre-
vious studies have indicated that arable lands are not suitable
habitat for bumble bees and expansion of intensive arable
lands without creating or protecting natural habitat patches
or margins may be contributing to the decline in some bum-
ble bee species (Svensson et al. 2000; Kells and Goulson
2003; Carvell et al. 2007; Lye et al. 2009). However, some
crop types may increase the availability of nest sites for
bumble bees. Rao and Skyrm (2013) found that rye fields
attract voles who make their burrows within the field. The
increase in burrow availability may benefit bumble bees by
providing additional nesting sites (Carreck et al. 2009). Field
margins and other habitat patches within an agricultural area
can provide suitable nesting habitats because they diversify
the landscape, are less disturbed than arable land, can pro-
vide cover needed for some species, and are more complex
in vegetation pattern and resource availability (Svensson
et al. 2000; Lye et al. 2009; Kremen et al. 2015). Improving
field margins may increase the available nesting habitat for
bumble bees within agricultural environments.

The availability of forage resources influences nest den-
sity and colony survival. Nest-searching queens may choose
nesting sites that are near areas with spring forage available
to optimize their energy intake during foraging trips (Suzuki
et al. 2007, 2009; O’Connor et al. 2017). Increasing floral
resources in a landscape have been shown to increase bumble
bee nest densities (Osborne et al. 2008; Knight et al. 2009;
Goulson et al. 2010). Forests often have a high density of
early-flowering plant species (Wray et al. 2014; Kaemper
et al. 2016) and may attract early-emerging bumble bee spe-
cies. Conversely, later in the season, forests often have lower
floral resources compared to other landscapes such as grass-
lands or urban areas (Wray and Elle 2015). Although high
floral availability may attract bumble bee queens, nests are
usually not found in areas of high floral cover (O’Connor
et al. 2017), but this pattern may reflect the difficulty in

finding nests in highly vegetated areas and not nesting pref-
erences. Suzuki et al. (2007) attempted to develop a statisti-
cal model to predict bumble bee nest locations using floral
resource availability. Their model overall was not successful
in predicting nest locations except for May forage. This low
predictability may be because floral resource availability
can change over the season. Seasonal fluctuations in floral
resources can have negative effects on the survival of bum-
ble bee colonies if sufficient food sources are not available
(Bowers 1985; Moquet et al. 2017). Given that nesting, over-
wintering and foraging resources are all essential to bumble
bee survival, efforts at predicting bumble bee nest locations
and their survival throughout the season should consider
temporal fluctuations in floral resources and investigate the
potential influence of non-forage variables (i.e. forest cover,
plant debris, animal burrows, ground cover, soil type, micro-
climates etc.) on nesting and overwintering habitat.

Ground position and materials of bumble bee nests

Bumble bees were found to nest underground, on the ground
surface and aboveground. All three ground nesting posi-
tions were observed for most subgenera (Fig. 3) and in
most habitats (Fig. 4). Underground nests were the most
common ground position for wild nests, artificial domiciles
and nests in human structures, followed by surface nests
and aboveground nests. However, the proportion of nests
found within each ground position differed between wild
nests and artificial domiciles/nests in human structures. For
wild nests: 52.1% were underground, 33.3% were on the sur-
face, and 14.6% were aboveground. For artificial domiciles/
nests in human structures: 39.1% were underground, 38.5%
were on the surface and 22.3% were aboveground. Artifi-
cial domiciles/nests in human structures may be increasing
the representation of aboveground nests. There is no sig-
nificant relationship between ground position and subgenus
(Chi square =28.7, df =20, p=0.09), or ground position
and landscape-type (Chi square=16.9, df =14, p=0.27).
Underground nests were the most commonly observed
ground position for all subgenera and landscapes except
Thoracobombus, Megabombus, Cullumanobombus and
Sibiricobombus (although there was only one observation for
this subgenus). The most common ground nesting position
for Thoracobombus, Megabombus and Cullumanobombus
were surface nests, while the one Sibiricobombus nest was
found aboveground. Surface nests were more common in
tropical forests and were as common as below-ground nests
in agricultural landscapes (Fig. 4). Most bumble bee spe-
cies were found nesting at one ground position (58.5%) and
fewer species were found nesting at two (24.4%) or all three
(17.1%) ground positions.

The materials used to construct bumble bee nests varied
with the nest’s ground position. Underground nests were
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Fig.3 The ground nesting
position (underground, surface
or aboveground) for the bumble
bee subgenera. Values are the
proportion of nests for each sub-
genus found per ground posi-
tion. The number of instances
where the ground position for
each subgenus was described

is shown in brackets. Fractions
denote the number of species
represented in the review per
the total number of species
within the subgenus. Not all
nesting studies described the
position of nests (i.e. molecular
detection method studies)

(42) Thoracobombus 14/514

(7) Subterraneobombus 4/114

(1) Sibiricobombus 1/8+

(56) Pyrobombus 19/50-

(1) Mendacibombus 1/12-

(8) Melanobombus 1/18+

subgenus

(18) Megabombus 3/234

(8) Cullumanobombus 3/234

(32) Bombus sensu stricto 7/174

(5) Bombias 2/3-

(6) Alpinobombus 4/9-

above-ground

surface

underground

often abandoned mammal burrows or nests (for exam-
ple, Hoffmann et al. 2004; De Meulemeester et al. 2011;
Rao and Skyrm 2013; Svensson and Lundberg 1977), or
other cavities or holes in the ground (Fussell and Corbet
1992; Lye et al. 2012). These holes or cavities could include
human-constructed materials including buried PVC pipe or
underneath buildings (Fussell and Corbet 1992; Inoue et al.
2010; Lye et al. 2012). Some studies reported entrances to
underground burrows would sometimes be covered with
vegetation (either dried or living) and this is thought to
help prevent the nest from being detected (Hoffmann et al.
2004; De Meulemeester et al. 2011; de Oliveira et al. 2015).
Underground nests may also be particularly susceptible to
flooding. For example, Harder (1986) reported that com-
mon ground nesting species were found infrequently in
the late season possibly due to an unseasonably wet spring
that may have resulted in colony failures. This may explain
why underground nests are less common in tropical forests
(Fig. 4).
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Surface nests were either constructed of plant material or
associated with certain vegetation. The surface nests found
in tropical forests were constructed from dried grass, cut
leaves, and twigs (Sakagami et al. 1967; Taylor and Cameron
2003; Hines et al. 2007). These nests were constructed by
bumble bees in a dome-like shape to provide shelter for the
colony. Additionally, the nests were often associated with
other vegetation including shrubs or trees to act as struc-
tural support (Chavarria 1996; Taylor and Cameron 2003;
Hoffmann et al. 2004). Non-tropical surface nesting bumble
bees also construct nests under vegetation cover, especially
tussock grasses, leaf litter, or log piles to protect their nests
(Fussell and Corbet 1992; Sakagami and Katayama 1977;
Svensson et al. 2000; Kells and Goulson 2003; Lye et al.
2012). Surface nests in human-developed areas included
within buildings or walls (Fussell and Corbet 1992). Surface
nesting bumble bees would be vulnerable to ground distur-
bances such as development and mowing, and in agricultural
landscapes to tilling or grazing livestock (Harmon-Threatt
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Fig.4 Nesting position (under-
ground, surface or above-
ground) for bumble bees across
eight habitat types as well as
generalist species. Values the
proportion of nests for each
landscape-type found per
ground position. The number
of instances where the ground
position for each landscape-type
is shown in brackets. Not all
nesting studies described the
ground position of nests (i.e.
molecular detection method
studies)
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and Chin 2016). Although surface nests are still detected
in agricultural landscapes (Fig. 4), they are not likely to be
found in arable lands. Indeed, the only study that found bum-
ble bee nests within arable lands found them underground
(Rao and Skyrm 2013). Setting aside undisturbed areas in
agricultural areas (such as field margins) or in other devel-
oped regions (such as roadsides) may be a strategy to reduce
impacts to surface nesting bumble bees, and underground
nesting bees if tilling/soil disturbances occurs. Surface
nesting species may also be susceptible to flooding or wet
conditions.

Aboveground bumble bee nests were observed the least
often and this could be because of the inherent difficulties in
observing them. Most of the aboveground bumble bee nests
included in this review were occupied artificial nest boxes
(47% of papers). Most other observations of aboveground

-
oA
o

0.25 0.50 075

proportion of Bombus species

nests (85%) occurred in gardens with bumble bees found in
bird houses, within buildings/walls, in trees, tree cavities,
and in cavities between rock piles/walls (for example, Janzen
1971; Richards 1978; Osborne et al. 2008; Lye et al. 2012).
The remaining aboveground nests were in trees or within
dense piles of grass and leaves. This might explain why most
aboveground nests were in forest edge and urban sites as
there would be naturally occurring or human-made cavities
in trees, logs, exposed rock, and in buildings/walls. These
aboveground nests may be going undetected as observational
studies and the use of detection dogs focus on searching
the ground for nests or search for low-flying nest-searching
queens (Waters et al. 2011; O’Connor et al. 2012, 2017).
Future studies should also attempt to search for nests above-
ground particularly in forested habitat to help determine the
true extent of aboveground nesting bumble bees.
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Detecting bumble bee nests

Bumble bee nests are difficult to detect, and this has likely
contributed to the lack of studies on nesting habitat. Some
methods that have been employed to detect bumble bee nests
include locating nests by observation—*“observational”,
using observations of nest-searching queens as a proxy—
“nest-searching queens”, using genetic analysis to deter-
mine number of colonies in an area—"“molecular”, using
statistical modeling to predict nest locations—*“modeling”
and using trained detection dogs to locate nests—"“detection
dogs” (Table 1).

Observational studies vary from standardized (i.e. search-
ing predetermined transects or areas (e.g. O’Connor et al.
2017) to opportunistic searches for nests (e.g. De Meule-
meester et al. 2011). Observational studies have the advan-
tage of identifying the exact location of bumble bee nests for
further analysis of habitat preferences. However, the major
disadvantage of observational studies is the amount of time
and effort needed to find often difficult to detect nests. The
most successful application of observational methods to
detect nests was by Lye et al. (2012) who used citizen sci-
entists to monitor their gardens for bumble bee nests across
the United Kingdom. This study located an impressive 1022
bumble bee nests from ten species (including species clas-
sified as “other”, or “unknown”) between 2007 and 2009
versus an average of 21 nests for all other observational stud-
ies. The efficiency of using citizen science data to gather
large amounts of data also comes at the cost of biased data
towards areas readily surveyed by participants (i.e. gardens)
and this should be considered when employing this method.
Other observational studies monitored artificial nest-boxes
or domiciles. This method can be useful for gathering infor-
mation on the nesting habitat for bumble bees and be easier
than looking for natural bumble bee nests. Occupancy of
artificial domiciles is likely inversely related to the num-
ber of natural nest sites such as rodent burrows (Richards
1978). Finding natural nests would still be preferred for
modelling nesting habitat to determine what natural materi-
als are required for bumble bee nest sites (Waters et al. 2011;
O’Connor et al. 2012). Detection dogs have the potential
to significantly reduce human search effort and rapidly and
accurately identify bumble bee nests, and they were suc-
cessfully used in two studies thus far (Waters et al. 2011;
O’Connor et al. 2012). In these studies, dogs were trained
to locate bumble bee nests by scent. Once a nest is located,
the dogs signal to their handlers the location of the nest in a
non-destructive manner. Nests identified by dogs were also
visually confirmed by researchers. However, the O’Connor
et al. (2012) study which compared the nest detection ability
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between humans and dogs concluded that dogs were no more
efficient than trained humans, and given the cost involved
with training dogs, they would recommend using humans
over dogs. This is the only study that has compared the effi-
ciency of using detection dogs as a method for identifying
nests and more research into the potential use of this method
is needed.

Another potentially useful method for locating bumble
bee nesting and overwintering sites would be the use of
radio-telemetry. Advances in radio-tracking technology has
made it possible to track some insect species including bum-
ble bees. Radio-telemetry and radio-frequency identification
(RFID) has previously been used to study foraging and flight
distances in bumble bees (Hagen et al. 2011; Minahan and
Brunet 2018), but this method has not (to our knowledge)
been applied to bumble bee nesting or overwintering studies.
Spring queens or workers could be fitted with trackers so
that researchers can follow individual bees back to their nest.
Additionally, young queens can be tracked later in the season
to find overwintering habitats. There are some challenges to
radio-tracking that need to be considered when deploying
this method. These are reviewed in Kissling et al. (2014) and
include: short battery life, limited range of tracking, weight
of the trackers, and the potential for the trackers to alter the
behaviour of the individual.

Use of proxy measures to identify bumble bee nests
can be an effective alternative, but with some limitations.
Using nest-searching queens allows a greater sample size
than looking for nests due to the easier detectability of nest-
searching queens (Svensson et al. 2000; O’Connor et al.
2017). These methods can be inaccurate as a survey tech-
nique of bumble bee habitat because it does not actually
find the physical location of nests. Molecular methods are
likely the most rapid method of identifying many colonies
within a given area (Goulson et al. 2010; Geib et al. 2015).
Similarly, actual nests are not identified that can limit its
applicability to more specifically determining nesting habitat
especially at finer scale than landscape-level descriptions
of habitat. Using a statistical modeling approach to predict
nest locations have been applied to few studies thus far and
have had limited success (Suzuki et al. 2007, 2009; Carvell
et al. 2017). These studies have attempted to use forage
availability to predict nesting or overwintering sites, with
mixed results. If these models can be improved this could
be an extremely powerful method to decrease survey times
for nesting. However, these models likely are weakened by
an incomplete understanding of bumble bee habitat. Future
bumble bee nesting habitat studies may need to consider the
trade-off between obtaining a good sample size with accu-
rately predicting bumble bee nesting habitat.
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Conclusions

Bumble bees appear to be generalists within and across
subgenera in terms of nesting habitat preferences. Bumble
bees may preferentially overwinter in shaded banks either
with moss or in bare-ground but, more research is needed
on overwintering habitat. Future studies should attempt to
increase the knowledge available on the nesting habitat of
bumble bees by investigating understudied habitat areas such
as dunes, and alpine areas and by recording detailed descrip-
tions of the habitat surrounding nests. For increased specific-
ity in bumble bee habitat requirements it is suggested that
observational methods especially citizen science projects be
employed to increase the likelihood of finding a suitable
number of nests and overwintering sites and look further
into the efficiency of detection dogs. Increasing knowledge
on the specific nesting and overwintering requirements for
bumble bees is important to ensure their protection and aid
in conservation efforts for declining species. Current man-
agement efforts focusing on bumble bee habitat are mainly
interested in expanding the available forage for bumble
bees. If nesting or overwintering habitat is limiting, focus-
ing solely on forage will do little to protect or increase
populations.

Acknowledgements We would like to thank the Natural Sciences
and Engineering Research Council of Canada (NSERC) Postgraduate
Scholarships for providing the salary for ARL.

Compliance with ethical standards

Conflicts of interest None to report.

Research involving human participants or animals This research did
not involve human participants or animals.

References

Alford DV (1969) A study of hibernation of bumblebees (Hymenop-
tera-Bombidae) in southern England. J Anim Ecol 38:149-170.
https://doi.org/10.2307/2743

Arbetman MP, Gleiser G, Morales CL, Williams P, Aizen MA (2017)
Global decline of bumblebees is phylogenetically structured and
inversely related to species range size and pathogen incidence.
Proc R Soc B Biol Sci 284:20170204

Barron MC, Wratten SD, Donovan BJ (2000) A four-year investiga-
tion into the efficacy of domiciles for enhancement of bumble bee
populations. Agric For Entomol 2:141-146. https://doi.org/10.10
46/j.1461-9563.2000.00059.x

Bishop JA, Armbruster WS (1999) Thermoregulatory abilities of
Alaskan bees: effects of size, phylogeny and ecology. Funct Ecol
13:711-724. https://doi.org/10.1046/j.1365-2435.1999.00351.x

Bols JH (1937) Observations on Bombus and Psithyrus, especially on
their hibernation. Proc R Entomol Soc Lon Ser A 12:47-50. https
://doi.org/10.1111/j.1365-3032.1937.tb00942.x

Bowers MA (1985) Bumble bee colonization, extinction, and repro-
duction in subalpine meadows in northeastern Utah. Ecology
66:914-927. https://doi.org/10.2307/1940554

Brown MIJF, Paxton RJ (2009) The conservation of bees: a global per-
spective. Apidologie 40:410-416. https://doi.org/10.1051/apido
/2009019

Cameron SA, Whitfield JB, Cohen M, Thorp N (1999) Novel use of
walking trails by the Amazonian bumble bee, Bombus transver-
salis (Hymenoptera: Apidae). Entomol Contrib Mem Byron A
24:187-193

Carreck N, Beasley T, Keynes R (2009) Charles Darwin, cats, mice,
bumble bees and clover. Bee Cr. 91:4-6

Carvell C (2002) Habitat use and conservation of bumblebees (Bombus
spp.) under different grassland management regimes. Biol Con-
serv 103:33-49. https://doi.org/10.1016/S0006-3207(01)00114-8

Carvell C, Meek WR, Pywell RF, Goulson D, Nowakowski M
(2007) Comparing the efficacy of agri-environment schemes
to enhance bumble bee abundance and diversity on arable
field margins. J Appl Ecol 44:29-40. https://doi.org/10.111
1/j.1365-2664.2006.01249.x

Carvell C, Bourke AFG, Dreier S, Freeman SN, Hulmes S, Jordan WC,
Redhead JW, Sumner S, Wang J, Heard MS (2017) Bumblebee
family lineage survival is enhanced in high-quality landscapes.
Nature 543:547-549

Charman TG, Sears J, Green RE, Bourke AFG (2010) Conservation
genetics, foraging distance and nest density of the scarce Great
Yellow Bumblebee (Bombus distinguendus). Mol Ecol 19:2661—
2674. https://doi.org/10.1111/§.1365-294X.2010.04697 .x

Chavarria G (1996) Notes on a combined nest of Bombus pullatus
(Hymenoptera: Apidae) and Acromyrmex octospinosus (Hyme-
noptera: Formicidae). J] Kans Entomol Soc 69:403—405

Colla SR (2016) Status, threats and conservation recommendations for
wild bumble bees (Bombus spp.) in Ontario, Canada: a review for
policymakers and practitioners. Nat Areas J 36:412-426

Colla SR, Otterstatter MC, Gegear RJ, Thomson JD (2006) Plight
of the bumble bee: pathogen spillover from commercial to wild
populations. Biol Conserv 129:461-467. https://doi.org/10.1016/].
biocon.2005.11-.013

Darvill B, Knight ME, Goulson D (2004) Use of genetic markers
to quantify bumblebee foraging range and nest density. Oikos
107:471-478. https://doi.org/10.1111/j.0030-1299.2004.13510.x

De Meulemeester T, Aytekin AM, Cameron S, Rasmont P (2011)
Nest architecture and species status of the bumble bee Bombus
(Mendacibombus) shaposhnikovi (Hymenoptera: Apidae: Bom-
bini). Apidologie 42:301-306. https://doi.org/10.1007/s1359
2-011-0022-z

de Oliveira MO, Cavalcante MC, Freitas BM (2015) Nesting behavior
and colony description of the neotropical Bombus (Thoracobom-
bus) brevivillus in northeastern Brazil. J Insect Behav 28:297—
302. https://doi.org/10.1007/s10905-015-9502-8

Dicks LV, Baude M, Roberts SPM, Phillips J, Green M, Carvell C
(2015) How much flower-rich habitat is enough for wild pollina-
tors? Answering a key policy question with incomplete knowl-
edge. Ecol Entomol 40:22-35. https://doi.org/10.1111/een.12226

Dramstad WE (1996) Do bumblebees (Hymenoptera: Apidae) really
forage close to their nests? J Insect Behav 9:163—182. https://doi.
org/10.1007/BF02213863

Eidesen PB, Little L, Mueller E, Dickinson KJM, Lord JM (2017)
Plant-pollinator interactions affect colonization efficiency: abun-
dance of blue-purple flowers is correlated with species richness
of bumblebees in the Arctic. Biol J Linn Soc 121:150-162. https
://doi.org/10.1093/biolinnean/blw006

Fussell M, Corbet SA (1992) The nesting places of some British bum-
ble bees. J Apic Res 31:32-41. https://doi.org/10.1080/00218
839.1992.11101258

@ Springer


https://doi.org/10.2307/2743
https://doi.org/10.1046/j.1461-9563.2000.00059.x
https://doi.org/10.1046/j.1461-9563.2000.00059.x
https://doi.org/10.1046/j.1365-2435.1999.00351.x
https://doi.org/10.1111/j.1365-3032.1937.tb00942.x
https://doi.org/10.1111/j.1365-3032.1937.tb00942.x
https://doi.org/10.2307/1940554
https://doi.org/10.1051/apido/2009019
https://doi.org/10.1051/apido/2009019
https://doi.org/10.1016/S0006-3207(01)00114-8
https://doi.org/10.1111/j.1365-2664.2006.01249.x
https://doi.org/10.1111/j.1365-2664.2006.01249.x
https://doi.org/10.1111/j.1365-294X.2010.04697.x
https://doi.org/10.1016/j.biocon.2005.11-.013
https://doi.org/10.1016/j.biocon.2005.11-.013
https://doi.org/10.1111/j.0030-1299.2004.13510.x
https://doi.org/10.1007/s13592-011-0022-z
https://doi.org/10.1007/s13592-011-0022-z
https://doi.org/10.1007/s10905-015-9502-8
https://doi.org/10.1111/een.12226
https://doi.org/10.1007/BF02213863
https://doi.org/10.1007/BF02213863
https://doi.org/10.1093/biolinnean/blw006
https://doi.org/10.1093/biolinnean/blw006
https://doi.org/10.1080/00218839.1992.11101258
https://doi.org/10.1080/00218839.1992.11101258

Journal of Insect Conservation

Gamboa GJ, Foster RL, Richards KW (1987) Intraspecific nest and
brood recognition by queens of the bumble beee, Bombus-occi-
dentalis (Hymenoptera, Apidae). Can J Zool 65:2893-2897. https
://doi.org/10.1139/287-439

Geib JC, Strange JP, Galen C (2015) Bumble bee nest abundance,
foraging distance, and host-plant reproduction: implications for
management and conservation. Ecol Appl 25:768-778. https://
doi.org/10.1890/14-0151.1

Gonzalez VH, Mejia A, Rasmussen C (2004) Ecology and nesting
behavior of Bombus atratus Franklin in Andean highlands (Hyme-
noptera: Apidae). J Hymenopt Res 13:234-242

Goulson D (2003) Conserving wild bees for crop pollination. J Food
Agric Environ 1:142-144

Goulson D, Lye GC, Darvill B (2008) Decline and conservation
of bumble bees. Annu Rev Entomol 53:191-208. https://doi.
org/10.1146/annurev.ent0.53.103106.093454

Goulson D, Lepais O, O’Connor S, Osborne JL, Sanderson RA, Cus-
sans J, Goffe L, Darvill B (2010) Effects of land use at a land-
scape scale on bumblebee nest density and survival. J Appl Ecol
47:1207-1215. https://doi.org/10.1111/j.1365-2664.2010.01872.x

Goulson D, Nicholls E, Botias C, Rotheray EL (2015) Bee declines
driven by combined stress from parasites, pesticides, and lack of
flowers. Science. https://doi.org/10.1126/science.1255957

Grixti JC, Wong LT, Cameron SA, Favret C (2009) Decline of bumble
bees (Bombus) in the North American Midwest. Biol Conserv
142:75-84. https://doi.org/10.1016/j.biocon.2008.09.027

Hagen M, Wikelski M, Kissling WD (2011) Space use of bumblebees
(Bombus spp.) revealed by radio-tracking. PLoS ONE. https://doi.
org/10.1371/journal.pone.0019997

Harder LD (1986) Influences on the density and dispersion of bumble
bee nests (Hymenoptera, Apidae). Holarct Ecol 9:99-103

Harmon-Threatt A, Chin K (2016) Common methods for tallgrass
prairie restoration and their potential effects on bee diversity. Nat
Areas J 36:400-411. https://doi.org/10.3375/043.036.0407

Herrmann F, Westphal C, Moritz RFA, Steffan-Dewenter 1 (2007)
Genetic diversity and mass resources promote colony size and for-
ager densities of a social bee (Bombus pascuorum) in agricultural
landscapes. Mol Ecol 16:1167-1178. https://doi.org/10.1111/
j-1365-294X.2007.03226.x

Hines HM, Cameron SA, Deans AR (2007) Nest architecture and
foraging behavior in Bombus pullatus (Hymenoptera: Api-
dae), with comparisons to other tropical bumble bees. J Kan-
sas Entological Soc. 80:1-15. https://doi.org/10.2317/0022-
8567(2007)80[1:NAAFBI]J2.0.CO;2

Hobbs GA (1964) Ecology of species of Bombus Latr. (Hymenoptera:
Apidae) in southern Alberta, I Subgenus Alpinobombus Skor. Can
Entomol 96:1465. https://doi.org/10.4039/Ent961465-11

Hobbs GA (1965a) Ecology of Species of Bombus Latr. (Hymenoptera:
Apidae) in Southern Alberta II. Subgenus Bombias Robt. Can
Entomol 97:120-128. https://doi.org/10.4039/Ent97120-2

Hobbs GA (1965b) Ecology of species of Bombus Latr. (Hymenop-
tera: Apidae) in southern Alberta III. Subgenus Cullumanobom-
bus Vogt. Can Entomol 97:1293-1302. https://doi.org/10.4039/
Ent971293-12

Hobbs GA (1966a) Ecology of species of Bombus Latr. (Hymenoptera:
Apidae) in southern Alberta. V. Subgenus Subterraneobombus
Vogt. Can Entomol 98:288-294. https://doi.org/10.4039/Ent98
288-3

Hobbs GA (1966b) Ecology of species of Bombus Latr. (Hymenop-
tera: Apidae) in southern Alberta IV. Subgenus Fervidobombus
Skorikov. Can Entomol 98:33-39. https://doi.org/10.4039/Ent98
33-1

Hobbs GA (1967) Ecology of species of Bombus (Hymenoptera: Api-
dae) in southern Alberta: VI Subgenus Pyrobombus. Can Entomol
99:1271-1292. https://doi.org/10.4039/Ent991271-12

@ Springer

Hoffmann WRE, Torres A, Neumann P (2004) A scientific note on
the nest and colony development of the Neotropical bumble bee
Bombus (Robustobombas) melaleucus. Apidologie 35:449-450.
https://doi.org/10.1051/apido:2004011

Inoue MN, Yokoyama J, Tsuchida K (2010) Colony growth and repro-
ductive ability of feral nests of the introduced bumblebee Bombus
terrestris in northern Japan. Insectes Soc 57:29-38. https://doi.
org/10.1007/s00040-009-0047-8

TUCN, 2017. The IUCN Red List of Threatened Species [WWW Doc-
ument]. Version 2017-3. http://www.iucnredlist.org/. Accessed
4.2.18

Janzen DH (1971) The ecological significance of an arboreal nest of
Bombus pullatus in Costa Rica. ] Kans Entomol Soc 44:210-216

Kaemper W, Werner PK, Hilpert A, Westphal C, Bluethgen N, Eltz T,
Leonhardt SD (2016) How landscape, pollen intake and pollen
quality affect colony growth in Bombus terrestris. Landsc Ecol
31:2245-2258. https://doi.org/10.1007/s10980-016-0395-5

Kearns CA, Thomson JD (2001) The natural history of bumblebees:
a sourcebook for investigations. University Press of Colorado,
Boulder

Kells AR, Goulson D (2003) Preferred nesting sites of bumblebee
queens (Hymenoptera: Apidae) in agroecosystems in the UK.
Biol Conserv 109:165-174. https://doi.org/10.1016/S0006
-3207(02)00131-3

Kissling WD, Pattemore DE, Hagen M (2014) Challenges and pros-
pects in the telemetry of insects. Biol Rev 89:511-530. https://
doi.org/10.1111/brv.12065

Knight ME, Martin AP, Bishop S, Osborne JL, Hale RJ, Sanderson A,
Goulson D (2005) An interspecific comparison of foraging range
and nest density of four bumblebee (Bombus) species. Mol Ecol
14:1811-1820. https://doi.org/10.1111/j.1365-294X.2005.02540
X

Knight ME, Osborne JL, Sanderson RA, Hale RJ, Martin AP, Goulson
D (2009) Bumblebee nest density and the scale of available forage
in arable landscapes. Insect Conserv Divers 2:116—124. https://
doi.org/10.1111/j.1752-4598.2009.00049.x

Koch JB, Strange JP, Williams PH (2012) Bumble bees of the western
United States. The US Department of Agriculture, San Fransisco

Kremen C, M’Gonigle LK, Diamond S (2015) EDITOR’S CHOICE:
small-scale restoration in intensive agricultural landscapes sup-
ports more specialized and less mobile pollinator species. J Appl
Ecol 52:602-610. https://doi.org/10.1111/1365-2664.12418

Lye GC, Park K, Osborne J, Holland J, Goulson D (2009) Assess-
ing the value of rural stewardship schemes for providing forag-
ing resources and nesting habitat for bumblebee queens (Hyme-
noptera: Apidae). Biol Conserv 142:2023-2032. https://doi.
org/10.1016/j.biocon.2009.03.032

Lye GC, Osborne JL, Park KJ, Goulson D (2012) Using citizen science
to monitor Bombus populations in the UK: nesting ecology and
relative abundance in the urban environment. J Insect Conserv
16:697-707. https://doi.org/10.1007/s10841-011-9450-3

Michener CD, Laberge WE (1954) A large Bombus nest from Mexico.
Psyche A 61:63-67. https://doi.org/10.1155/1954/41470

Milliron HE, Oliver DR (1966) Bumblebees from northern Elles-
mere Island, with observations on usurpation by Megabombus
hyperboreus (Schonh.) (Hymenoptera: Apidae). Can Entomol
98:207-213

Minahan DF, Brunet J (2018) Strong interspecific differences in forag-
ing activity observed between honey bees and bumble bees using
miniaturized radio frequency identification (RFID). Front Ecol
Evol 6:158. https://doi.org/10.3389/fevo.2018.00156

Moquet L, Bacchetta R, Laurent E, Jacquemart A-L (2017) Spatial and
temporal variations in floral resource availability affect bumblebee
communities in heathlands. Biodivers Conserv 26:687-702. https
://doi.org/10.1007/s10531-016-1266-8


https://doi.org/10.1139/z87-439
https://doi.org/10.1139/z87-439
https://doi.org/10.1890/14-0151.1
https://doi.org/10.1890/14-0151.1
https://doi.org/10.1146/annurev.ento.53.103106.093454
https://doi.org/10.1146/annurev.ento.53.103106.093454
https://doi.org/10.1111/j.1365-2664.2010.01872.x
https://doi.org/10.1126/science.1255957
https://doi.org/10.1016/j.biocon.2008.09.027
https://doi.org/10.1371/journal.pone.0019997
https://doi.org/10.1371/journal.pone.0019997
https://doi.org/10.3375/043.036.0407
https://doi.org/10.1111/j.1365-294X.2007.03226.x
https://doi.org/10.1111/j.1365-294X.2007.03226.x
https://doi.org/10.2317/0022-8567(2007)80[1:NAAFBI]2.0.CO;2
https://doi.org/10.2317/0022-8567(2007)80[1:NAAFBI]2.0.CO;2
https://doi.org/10.4039/Ent961465-11
https://doi.org/10.4039/Ent97120-2
https://doi.org/10.4039/Ent971293-12
https://doi.org/10.4039/Ent971293-12
https://doi.org/10.4039/Ent98288-3
https://doi.org/10.4039/Ent98288-3
https://doi.org/10.4039/Ent9833-1
https://doi.org/10.4039/Ent9833-1
https://doi.org/10.4039/Ent991271-12
https://doi.org/10.1051/apido:2004011
https://doi.org/10.1007/s00040-009-0047-8
https://doi.org/10.1007/s00040-009-0047-8
http://www.iucnredlist.org/
https://doi.org/10.1007/s10980-016-0395-5
https://doi.org/10.1016/S0006-3207(02)00131-3
https://doi.org/10.1016/S0006-3207(02)00131-3
https://doi.org/10.1111/brv.12065
https://doi.org/10.1111/brv.12065
https://doi.org/10.1111/j.1365-294X.2005.02540.x
https://doi.org/10.1111/j.1365-294X.2005.02540.x
https://doi.org/10.1111/j.1752-4598.2009.00049.x
https://doi.org/10.1111/j.1752-4598.2009.00049.x
https://doi.org/10.1111/1365-2664.12418
https://doi.org/10.1016/j.biocon.2009.03.032
https://doi.org/10.1016/j.biocon.2009.03.032
https://doi.org/10.1007/s10841-011-9450-3
https://doi.org/10.1155/1954/41470
https://doi.org/10.3389/fevo.2018.00156
https://doi.org/10.1007/s10531-016-1266-8
https://doi.org/10.1007/s10531-016-1266-8

Journal of Insect Conservation

Nakamura H, Toquenaga Y (2002) Estimating colony locations of bum-
ble bees with moving average model. Ecol Res 17:39-48. https://
doi.org/10.1046/j.1440-1703.2002.00461.x

O’Connor S, Park KJ, Goulson D (2012) Humans versus dogs; a com-
parison of methods for the detection of bumble bee nests. J Apic
Res 51:204-211. https://doi.org/10.3896/IBRA.1.51.2.09

O’Connor S, Park KJ, Goulson D (2017) Location of bumblebee nests
is predicted by counts of nest-searching queens. Ecol Entomol
42:731-736. https://doi.org/10.1111/een.12440

Olesen JM (1989) Behavior and nest structure of the Amazonian Bom-
bus-transversalis in Ecuador. J Trop Ecol 5:243-246. https://doi.
org/10.1017/S0266467400003540

Osborne JL, Martin AP, Shortall CR, Todd AD, Goulson D, Knight
ME, Hale RJ, Sanderson RA (2008) Quantifying and com-
paring bumblebee nest densities in gardens and countryside
habitats. J Appl Ecol 45:784-792. https://doi.org/10.111
1/§.1365-2664.2007.01359.x

Palmer TP (1968) Establishment in nest boxes of at bumble bees
Christchurch. N Z J Agric Res 11:737-739

Plath OE (1922) Notes on the nesting habits of several North American
bumblebees. Psyche A 29:189-202

Plath OE (1927) Notes on the hibernation of several North Ameri-
can bumblebees. Ann Entomol Soc Am 20:181-192. https://doi.
org/10.1093/aesa/20.2.181

Ramirez S, Cameron SA (2003) Army ant attacks by Eciton hamatum
and E-rapax (Hymenoptera: Formicidae) on nests of the Amazo-
nian bumble bee, Bombus transversalis (Hymenoptera: Apidae).
J Kans Entomol Soc 76:533-535

Rao S, Skyrm KM (2013) Nest density of the native bumble bee,
Bombus nevadensis Cresson (Hymenoptera: Apoidea), in an
agricultural landscape. J Kans Entomol Soc 86:93-97. https://
doi.org/10.2317/JKES120708.1

Rasmont P, Aytekin AM, Kacar MS (2008) Ousting of the common
redstart (Aves: Turdidae: Phoenicurus phoenicurus) from its
nests by the bumblebee Bombus niveatus vorticosus (Hyme-
noptera: Apidae). Ann Soc Entomol Fr 44:251-255. https://doi.
org/10.1080/00379271.2008.10697560

Rau P (1941) The nesting habits of Bombus medius Cresson,
the Mexican bumblebee. Psyche A 48:166—168. https://doi.
org/10.1155/1941/92641

Richards KW (1978) Nest site selection by bumble bees (Hymenoptera-
Apidae) in southern Alberta. Can Entomol 110:301-318. https://
doi.org/10.4039/Ent110301-3

Roulston TH, Goodell K (2011) The role of resources and risks in
regulating wild bee populations. In: Berenbaum MR, Carde RT,
Robinson G (eds) Annual Review of Entomology. Annual Review
Inc, Palo Alto, pp 293-312. https://doi.org/10.1146/annurev-
ento-120709-144802

Sakagami SF, Katayama E (1977) Nests of some Japanese bumblebees
(Hymenoptera, Apidae). J Fac Sci Hokkaido Univ Ser VI Zool
21:92-153

Sakagami SF, Nishijima Y (1973) Two heterospecific colonies found
in Japanese bumblebees, Bombus schrencki and Bombus pseudo-
baicalensis (Hymenoptera, Apidae). Obihiro Zootech Univ Res
Bull 7:628

Sakagami SF, Akahira Y, Zucchi R (1967) Nest architecture and brood
development in a neotropical bumblebee Bombus atratus. Insectes
Soc 14:389. https://doi.org/10.1007/BF02223686

Shelly TE, Buchmann SL, Villalobos EM, Orourke MK (1991)
Colony ergonomics for a desert-dwelling bumblebee species
(Hymenoptera, Apidae). Ecol Entomol 16:361-370. https://doi.
org/10.1111/j.1365-2311.1991.tb00228.x

Sladen F (1912) The humble-bee: It’s life-history and how to domes-
ticate it. Macmillon, London

Suzuki Y, Kawaguchi LG, Toquenaga Y (2007) Estimating nest loca-
tions of bumblebee Bombus ardens from flower quality and dis-
tribution. Ecol Res 22:220-227. https://doi.org/10.1007/s1128
4-006-0010-3

Suzuki Y, Kawaguchi LG, Munidasa DT, Toquenaga Y (2009) Do
bumble bee queens choose nest sites to maximize foraging rate?
Testing models of nest site selection. Behav Ecol Sociobiol
63:1353-1362. https://doi.org/10.1007/s00265-009-0789-3

Svensson BG, Lundberg H (1977) Distribution of bumble bee nests in
a subalpine-alpine area in relation to altitude and habitat (Hyp-
menoptera, Apidae). Zoon 5:63-72

Svensson B, Lagerlof J, Svensson BG (2000) Habitat preferences of
nest-seeking bumble bees (Hymenoptera: Apidae) in an agricul-
tural landscape. Agric Ecosyst Environ 77:247-255. https://doi.
org/10.1016/S0167-8809(99)00106-1

Szabo TI, Pengelly DH (1973) Over-wintering and emergence of
Bombus (Pyrobombus) impatiens (Cresson) (Hymenoptera-Api-
dae) in southern Ontario. Insectes Soc 20:125-132. https://doi.
org/10.1007/BF02223343

Taylor OM, Cameron SA (2003) Nest construction and architecture of
the Amazonian bumble bee (Hymenoptera: Apidae). Apidologie
34:321-331. https://doi.org/10.1051/apido:2003035

Thomson DM (2016) Local bumble bee decline linked to recovery
of honey bees, drought effects on floral resources. Ecol Lett
19:1247-1255. https://doi.org/10.1111/ele. 12659

Waters J, O’Connor S, Park KJ, Goulson D (2011) Testing a detec-
tion dog to locate bumblebee colonies and estimate nest density.
Apidologie 42:200-205. https://doi.org/10.1051/apido/2010056

Williams PH, Osborne JL (2009) Bumblebee vulnerability and con-
servation world-wide. Apidologie 40:367-387. https://doi.
org/10.1051/apido/2009025

Willmer PG, Bataw AAM, Hughes JP (1994) The superior-
ity of bumblebee to honeybees as pollinators—insect visits
to raspberry flowers. Ecol Entomol 19:271-284. https://doi.
org/10.1111/j.1365-2311.1994.tb00419.x

Wray JC, Elle E (2015) Flowering phenology and nesting resources
influence pollinator community composition in a fragmented eco-
system. Landsc Ecol 30:261-272. https://doi.org/10.1007/s1098
0-014-0121-0

Wray JC, Neame LA, Elle E (2014) Floral resources, body size, and
surrounding landscape influence bee community assemblages in
oak-savannah fragments. Ecol Entomol 39:83-93. https://doi.
org/10.1111/een.12070

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1046/j.1440-1703.2002.00461.x
https://doi.org/10.1046/j.1440-1703.2002.00461.x
https://doi.org/10.3896/IBRA.1.51.2.09
https://doi.org/10.1111/een.12440
https://doi.org/10.1017/S0266467400003540
https://doi.org/10.1017/S0266467400003540
https://doi.org/10.1111/j.1365-2664.2007.01359.x
https://doi.org/10.1111/j.1365-2664.2007.01359.x
https://doi.org/10.1093/aesa/20.2.181
https://doi.org/10.1093/aesa/20.2.181
https://doi.org/10.2317/JKES120708.1
https://doi.org/10.2317/JKES120708.1
https://doi.org/10.1080/00379271.2008.10697560
https://doi.org/10.1080/00379271.2008.10697560
https://doi.org/10.1155/1941/92641
https://doi.org/10.1155/1941/92641
https://doi.org/10.4039/Ent110301-3
https://doi.org/10.4039/Ent110301-3
https://doi.org/10.1146/annurev-ento-120709-144802
https://doi.org/10.1146/annurev-ento-120709-144802
https://doi.org/10.1007/BF02223686
https://doi.org/10.1111/j.1365-2311.1991.tb00228.x
https://doi.org/10.1111/j.1365-2311.1991.tb00228.x
https://doi.org/10.1007/s11284-006-0010-3
https://doi.org/10.1007/s11284-006-0010-3
https://doi.org/10.1007/s00265-009-0789-3
https://doi.org/10.1016/S0167-8809(99)00106-1
https://doi.org/10.1016/S0167-8809(99)00106-1
https://doi.org/10.1007/BF02223343
https://doi.org/10.1007/BF02223343
https://doi.org/10.1051/apido:2003035
https://doi.org/10.1111/ele.12659
https://doi.org/10.1051/apido/2010056
https://doi.org/10.1051/apido/2009025
https://doi.org/10.1051/apido/2009025
https://doi.org/10.1111/j.1365-2311.1994.tb00419.x
https://doi.org/10.1111/j.1365-2311.1994.tb00419.x
https://doi.org/10.1007/s10980-014-0121-0
https://doi.org/10.1007/s10980-014-0121-0
https://doi.org/10.1111/een.12070
https://doi.org/10.1111/een.12070

	A systematic review of the nesting and overwintering habitat of bumble bees globally
	Abstract
	Introduction
	Methods
	Literature review
	Data extracted
	Data analysis

	Results and discussion
	Overwintering habitat
	Nesting habitats
	Ground position and materials of bumble bee nests
	Detecting bumble bee nests

	Conclusions
	Acknowledgements 
	References




