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Abstract

Bumblebees (Bombus spp.) have undergone a documented Europe-wide decline in recent years, mostly attributable to destruction
of forage and nest sites caused by agricultural intensification. This study was set up to quantify species-specific nest-site preferences of
observed UK species for various types of field and forest boundary habitat. In total, 1287 observations were made of seven com-
mon bumblebee species; nest-searching behaviour was taken as being indicative of nest site preference. There was interspecific
variation in preferred habitat, with some species found to be much more specific in their choice of nest site than others. A strong
association was found between those species that are known to prefer subterranecous nesting and those habitats that contained
banks (Bombus terrestris, B. lapidarius and B. lucorum); other species were strongly associated with tussock-type vegetation (B.
pascuorum, B. hortorum and B. ruderarius). In order to safeguard the continued existence of bumblebee species it is clear that a
variety of field and forest boundary types need to be conserved; this has positive implications for the conservation of other species

of flora and fauna associated with agroecosystems. © 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

That nest-choice preference is species specific amongst
bumblebees has been demonstrated in previous studies
(see e.g. Sladen, 1912; Skovgaard, 1936; Free and Butler,
1959; Svensson and Lundberg, 1977; Richards, 1978;
Harder, 1986; Fussell and Corbet, 1992a; Svensson et al.,
2000). Some species are known to prefer to nest sub-
terraneously, (e.g. Bombus terrestris, B. lucorum, B. lapi-
darius, B. ruderatus), whilst others prefer to nest on or
just below the soil surface (e.g. B. hortorum, B. pas-
cuorum, B. sylvarum, B. humilis, B. muscorum, B. ruder-
arius). Species such as B. lapidarius and B. pratorum can
be very opportunistic in their nest choice, and utilise
things such as birds’ nests and anthropogenic artefacts
(Fussell and Corbet, 1992a; Svensson et al., 2000). Bow-
ers (1985) has suggested that queen nest site selection is
governed by different evolutionary forces to those that
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influence the success of the resultant colony. Intrinsic
factors determining acceptability as a nest site include
degree of shelter, soil drainage, heat absorption, and
those factors that are species specific. There may be a
trade-off between shelter and degree of warmth from
direct sunlight (i.e. more exposed sites), and Skovgaard
(1945) has suggested that south-facing banks may be
least popular.

In recent years there has been a documented decline in
bumblebee species numbers and species diversity across
Europe (Rasmont et al., 1992) [France], (Kwak and
Tieleman, 1994) [The Netherlands], (Berezin et al., 1995)
[Russia], (Kosior, 1995) [southern Poland]). Within the
UK, local species diversity and density have become
altered; a huge central area of the country now contains
only six resident species (out of a total of 19; Williams,
1982, 1989). Agricultural intensification is known to be
responsible for a decline in forage resources; a drive to
increase field sizes has also decreased the area available
for nest sites. (e.g. Pollard et al., 1974; Williams, 1986;
Ricketts et al., 2001). The abandoned burrows of small
mammals and tussocky areas where the different
bumblebee species commonly build their nests are
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generally found along field boundaries; this is where
queens are often found in nest-searching flight (Svensson
et al., 2000), but these habitat types are amongst the first
to be lost in any intensification of the farming system.

Finding existing nests in the field is difficult, and only
a small proportion of nests are ever located (Svens-
son and Lundberg, 1977, Donovan and Wier, 1978;
Fussell and Corbet, 1992a). Previous studies of bumble-
bee nesting behaviour have placed artificial nest boxes
in the field, but the uptake rates of these are generally
very poor (Norgaard Holm, 1966; Richards, 1973, 1978;
MacFarlane et al., 1983; Fussell and Corbet, 1992a).
Alternatively, observed nest-searching behaviour of
bumblebee queens has been used as an indicator
of preferred nest site, as a larger amount of data can be
generated in this way. This method of extrapolating
nest-site preference from search data has previously
been used in similar studies in other countries (see
Svensson et al., 2000). Nest-searching queens display a
typical behaviour pattern very different from that of
foraging individuals. This comprises a characteristic
zigzag flight trajectory, low over the ground, with stops
to investigate potential nest sites. This study was set
up to compile detailed information on the relative nest-
site preferences of those British bumblebee species
recorded across different habitats. It is hoped that
results will give a basis for field boundary management,
which could be used in conjunction with studies of
foraging preferences, to enable farmers to manage
habitats to encourage bumblebees.

2. Methods
2.1. Study site

This study was carried out on the Cholderton Estate,
near Andover, on the Wiltshire/Hampshire border,
UK. The estate is managed in a way that is beneficial
to wildlife. Most of the study area is chalk down-
land, and a mixed farming system is in place. The
estate also contains stands of mixed deciduous wood-
land, and many fields are bounded by this on at least
one side.

2.2. Study design
Two different habitat types were studied—
Habitat 1: field—field edges. Borders running between
two large agricultural fields
Habitat 2: field—forest edges. Borders running between

a large agricultural field and mixed woodland

Within each of the habitat types, three different
boundary types were characterised—

1. Fence. Fields or field and forest separated by a
fence with no associated hedge-type vegetation.

2. Hedgerow. A continuous boundary of dense,
shrubby, vegetation separating fields, or field and
forest, and containing typical hedgerow flora.

3. Gapped-out hedgerow. Older hedge banks where
the flora has become impoverished through lack
of management. These generally consisted of a
row of mature trees typical of hedgerow species,
such as hawthorn (Crataegus monogyna), with
gaps in between.

These three boundary types could be sub-divided into
four distinct edge types—

1. Nothing. No associated vegetation in the case of
fences, or no vegetation except that which con-
stitutes the hedgerow in the other two boundary
types.

2. Bank. Edges where the boundary was located on
top of a bank at least 15 cm high (maximum
bank height was 30 cm).

3. Tussock. An edge containing a densely vege-
tated, grass-dominated strip.

4. Bank and tussock. Edges containing a combina-
tion of types 2 and 3 above.

The occurrence of nest-searching queens was quantified
along 100 m transects laid out along field edges. Pollard’s
transect method for butterfly recording was used (Pollard
et al., 1975; Pollard, 1977), with all queens searching 0.5
m either side of the transect recorded. Queens exhibiting
both typical nest-searching flight low over the ground,
and those observed crawling on the ground (Lund-
berg and Svensson, 1975), were included in the analysis.
Every effort was made to avoid pseudo-replication.

Observations were carried out during a 6-week period
from 25 April until 1 June 2001, with 3 days of obser-
vations being made each week. There was no replication
of transects walked within the weeks, but there was
replication between the weeks. Equal numbers of edge
types were studied within each boundary type, and
equal numbers of boundary types within each habitat.
In total 432 transects were walked along each habitat
type, 24 per day of observations.

Bumblebee nomenclature follows Prys-Jones and
Corbet (1991). Female bumblebees that are capable of
egg laying, but which have not founded a nest are
properly known as gynes (Michener, 1974). However,
this is interchangeable with ‘queen’ in the literature, and
so queen will be the term used here.

2.3. Analysis

Univariate ANOVA using GLM (SPSS, 1998) was
used to analyse the data from this study, with each edge
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type entered as fixed factors. Observations within and
between weeks were summed for the purpose of this
analysis (Table 1).

3. Results
3.1. Total numbers of bumblebee species observed

A total of 1287 observations of nest-searching queens
were made during this study (Table 1). The most com-
monly recorded species were B. ferrestris and B. pas-
cuorum, accounting for 577 observations (44.83%),
whereas there were only 85 observations of B. ruderarius
(6.60% of the total; Table 1).

3.2. Timing of emergence

Emergence of B. terrestris, B. lapidarius, B. lucorum
and B. pascuorum queens had commenced prior to the
initiation of this study. B. terrestris numbers peaked in
week 4 (16-18 May), and then underwent a sharp
decline; B. pascuorum exhibited a similar pattern,
though the decline was not as steep, and numbers were
still relatively high at the end of the study. B. lapidarius
and B. lucorum numbers remained relatively constant
for the first 4 weeks of observations, but declined
towards zero over the next 2 weeks. Emergence of B.
hortorum, B. ruderarius and B. pratorum queens was
evident by week 2 (2-4 May); B. ruderarius and B. pra-
torum numbers peaked at week 4, and had declined to
low levels by week 6 (30 May—1 June), whilst B. hor-
torum numbers were still increasing at this point (week
6; see Fig. 1).

3.3. Habitat preferences

Different Bombus species had specific preferences in
terms of investigation of potential nest sites. The seven
species that were observed are considered in turn.

Table 1

Total number of observations of nest-searching queens of each species
for the duration of this experiment, expressed as a percentage of the
total number of observations of all species

Species Number of observations Percentage of observations
B. terrestris 329 25.56

B. lapidarius 167 12.98

B. lucorum 152 11.81

B. pascuorum 248 19.27

B. hortorum 174 13.52

B. ruderarius 85 6.60

B. pratorum 132 10.26

Total 1287 100

3.3.1. B. terrestris

B. terrestris queens showed no preference for nest
searching in either field—field or field—forest habitats, or
according to boundary type (Table 2; Fig. 2). However,
edge type was found to be significant, with queens pre-
ferring to nest search in edge types 2 and 4 (Table 2;
Fig. 3). Both these edge types contained banks, with
type 4 also containing a tussocky grass strip. This pat-
tern is apparent across both habitat and boundary
types. There was no significant two-way interaction
between any of the factors for this species (Table 2).

3.3.2. B. lapidarius

The majority of B. lapidarius queens were observed
along field—field boundaries (Fig. 2). They also exhibited
a significant preference according to boundary type,
with most queens nest, searching along fences (bound-
ary 1; Fig. 3). Like B. terrestris, queens of this species
also preferred searching along those edge types that
contained banks, specifically those in field—field bound-
aries (Table 2; Fig. 3). There was a significant two—way
interaction between habitat and boundary; those
boundaries with gapped out hedges had many queens
searching along them in field—field habitats, but very few
in field—forest habitats. There was also a two-way inter-
action between boundary and edge type, with those edge
types containing banks and tussocks disproportionately
preferred when occurring along fences.

3.3.3. B. lucorum

B. lucorum displayed a significant preference for nest
searching along those boundaries that contained hedges,
either gapped-out, or managed. There was also a pref-
erence for those edge types that contained banks
(Table 2): this pattern is evident across both habitats
(Fig. 3). The only significant two-way interaction for
this species was between boundary type and edge type
(Table 2); the preference of nest-searching queens for
banks along those boundaries with hedges was not dis-
played along fenced boundaries.

3.3.4. B. pascuorum

B. pascuorum queens were observed significantly more
often along ficld—forest habitats (Fig. 2). Those bound-
aries with hedges were preferred over boundaries with
fences (Table 2). In both habitats and across all bound-
ary types, many more individuals were observed along
those edge types that contained tussocks (types 3 and 4;
Fig. 3). With the exception of fenced boundaries along
forest edges, more B. pascuorum queens were recorded
from those tussocky habitats not containing banks,
than from those that did. There is a significant two-way
interaction between habitat and edge type for this spe-
cies (Table 2); along field—forest habitats there were
more observations of B. pascuorum queens along those
edges with bank and tussock, than along these same
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Table 2
Results of Univariate ANOVA (SPSS, 1998) one-way and two-way analyses of the data®
Habitat Boundary Edge Habitat x Boundary Habitatx Edge Boundaryx Edge
B. terrestris 0.034n.s. 0.973n.s. 20.225%** (0.196n.s.) (1.967n.s.) (0.642n.s.)
B. lapidarius 73.870%** 23.205%** 31.676%** 5.977* 11.274%** 3.329*
B. lucorum 0.032n.s. 33.588%** 33.923%** (2.012n.s.) (0.446n.s.) 10.335*
B. pascuorum 7.191%* 22.569*** 93.970%*** (0.393n.s.) 2.904* 7.562*
B. hortorum 0.201n.s. 1.293n.s. 20.639%** (0.486n.s.) (0.161n.s.) (1.895n.s.)
B. ruderarius 0.092n.s. 1.753n.s. 14.597%%* (0.487n.s.) 7.049* (0.487n.s.)
B. pratorum 4.006* 2.047n.s. 2.527n.s. (1.048n.s.) (0.913n.s.) (0.779n.s.)

4 There were no significant interactions for three-way ANOVA. Those numbers in brackets represent non-significant two-way interactions, which
were then removed from the analysis, and the data re-analysed. n. =432 for habitat, n =288 for boundary, n=216 for edge.

*  P<0.05.
**  P<0.01.
*kE P <0.001.
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Fig. 1. Patterns of abundance of nest-searching queens of the different species through time.

edge types in field—field habitats. There is also a sig-
nificant two-way interaction between boundary type
and edge type; more queens were observed along tus-
socky edges (types 3 and 4) next to hedges (boundary
types 2 and 3) than next to fences (type 1) in both
habitats (Fig. 3).

3.3.5. B. hortorum

B. hortorum queens were not found to exhibit a pref-
erence for nest sites based on habitat type or on
boundary type as quantified in this study (Table 1;
Fig. 2). However, these queens were found to nest,
search significantly more often along those edge types
that contained tussocks (types 3 and 4); this behaviour
was evident across all boundary and habitat types

(Fig. 3). There were no significant two-way interactions
between any of the factors for this species (Table 2).

3.3.6. B. ruderarius

No significant difference was found between habitats
and between boundary types for nest searching B.
ruderarius queens (Fig. 2). However, edge type was
found to have a significant effect on numbers of queens
observed (Table 1). Most queens of this species were
recorded along tussocky edges (types 3 and 4; Fig. 3).
There was also a significant interaction between habitat
and edge type (Table 2), with more B. ruderarius queens
observed nest searching along tussocky edges with
banks in field—forest habitats, and more observed nest
searching along tussocky edges without banks in field-
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Fig. 2. Total numbers of each Bombus species queen observed in the two habitats across the duration of this study. *P <0.05, **P <0.005,

**xP<0.001.

field habitats (Fig. 3). There were also more queens
recorded along type 1 edges (no banks or tussocks) in
field—forest than field—field habitats, although numbers
were much lower than those observed along edge types
with tussocks (Fig. 3).

3.3.7. B. pratorum

Significantly more B. pratorum queens were recorded
from field—forest habitats than field—field habitats
(Table 2; Fig. 2). Boundary type and edge type were not
found to have a significant effect on occurrence of nest-
searching queens (Table 2), and there were no two-way
interactions between any of the factors. Fig. 3 illustrates
that nest-searching queens of this species were observed
across all boundary and edge types in approximately
equal numbers.

4. Discussion
4.1. Individual species preferences

B. terrestris is known from previous studies to nest
subterraneously. Here we took a preference for searching
along banks (especially type 2 edges, which contained no
tussocks), to indicate a tendency towards subterraneous
nesting. The work of Svensson et al. (2000) recorded the
majority of observations of nest-searching queens of this
species in areas of open ground, although here there
seemed to be no preference between open ground and
forest boundaries. Although significantly more queens

were observed nest searching in those edge types that
contained banks, there were B. terrestris queens recorded
in edges that did not. This species is known to be adap-
table in choice of nest site, and can utilise anthropogenic
artefacts (Fussell and Corbet, 1992a).

B. lapidarius displayed a strong preference for nest
searching along the more open habitats in this study,
especially along banks. There have been similar findings
for this species from other studies (Skovgaard, 1936;
Svensson et al., 2000). On the field—field boundaries, B.
lapidarius was found most often along fences, which
afford the least shelter of all boundary types, but there is
a trade-off here with degree of warmth from the sun
(Svensson et al., 2000). B. lapidarius workers begin
foraging later in the day than those of other species, and
finish earlier (Hasselrot, 1960); they have a higher tem-
perature threshold (Prys-Jones and Corbet, 1991), and
nest location in open areas may be taking maximum
advantage of the heat reservoir effect of the soil (Fussell
and Corbet, 1992a). Nests of this species are more often
found in locations with all-day exposure to direct sun-
light, than those of any other species (Fussell and Cor-
bet, 1992a). Svensson et al. (2000) found that B.
lapidarius queens did not nest search along habitats
containing tussocks; results here were similar, indicating
that this species rarely founds nests in above ground
vegetation. There may be an avoidance of nesting in
heavily vegetated areas, as nests here are likely to be
shaded. Alford (1975), von Hagen (1986), and Westrich
(1989) all mention that B. lapidarius may nest above
ground; this species is known to take advantage of
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Fig. 3. Boundary and edge type preferences for nest-searching bumblebee queens in two different habitats. Boundary types were as follows: (1)
fenced; (2) managed hedge; (3) gapped-out hedge. Edge types were (1) no bank or vegetation; (2) bank only; (3) tussock only; (4) bank and tussock.
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anthropogenic artefacts (Prys-Jones and Corbet, 1991),
and sites such as wall cavities may offer ideal unshaded
nest sites.

No difference was found between occurrence of nest
searching on open ground and on forest boundaries for
B. [lucorum, although there was a preference towards
banks along boundaries with a hedge structure; these
may be more sheltered than boundaries that only have
fences along their length. Svensson et al. (2000) also
found that although this species displayed variety in
terms of where individuals searched, overall there was a
preference for sheltered boundaries. Those B. lucorum
queens recorded in southern Sweden (Svensson et al.,
2000) were also associated with the presence of tussocks,
but here the presence of banks seemed to play an
important part in nest-site choice.

The majority of B. pascuorum queens were observed
along boundaries that afforded some degree of shelter, a
pattern that was apparent in both habitats. There was
a strong preference towards those edges that contained
tussocky vegetation within these boundary types.
Svensson et al. (2000) found that B. pascuorum queens
were most prevalent along forest boundaries in southern
Sweden, however Svensson and Lundberg (1977),
working in northern Sweden, found a preference for
open areas with tussocks. This may depend on the
degree of shelter and the amount of direct sunlight
afforded by the location (Svensson et al., 2000).

B. hortorum queens were observed searching for nests
in either habitat in approximately equal numbers. This
species also did not seem to exhibit a preference for

boundary type. However, significantly more observa-
tions were made along those edges that contained tus-
socks. The literature suggests that B. hortorum nests are
found in a diversity of sites, with some studies reporting
an association between these and the presence of hedges
and banks (Skovgaard, 1936; Fussell and Corbet,
1992a); this was not the case here.

B. ruderarius belongs to the mainland ubiquitous spe-
cies group of Williams (1982, 1986). It is less common
than the other members of this species group, although
it may be locally abundant. This species is known to
nest on the soil surface of the ground; here it was seen
to search along field and forest edges that had tussocks.

B. pratorum is known to be one of the most opportu-
nistic bumblebee species in terms of where it builds its
nests. There is some evidence in this study of a slight
preference towards forest boundaries, but queens were
observed nest searching along the whole range of
boundary and edge types.

4.2. Parasitism

It is important to remember that the findings of this
study can only give an indication of individual species
nest-site preference, and are not necessarily indicative of
the abundance of successful nests. Spring queen num-
bers may bear very little relationship to the number of
viable nests founded. The nematode Sphaerularia bombi,
which acts to arrest ovary development (Pouvreau,
1962; McCorquodale et al., 1998), may disrupt the
mechanism of female orientation and affect nest-seeking
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behaviour (Lundberg and Svensson, 1975). Parasitised
queens remain on the wing for much longer than con-
specific healthy queens, and are found on typical hiber-
nation sites (north-facing banks) appearing to try to dig
into the soil, or to force themselves under vegetation
(Alford, 1975); parasitised queens do not found nests.
Queens in this study exhibited characteristic nest-
searching behaviour, and not that of parasitised indivi-
duals. Large numbers of nests founded by queens free
from S. bombi fail before workers and/or reproductives
are produced. This can be due to factors such as preda-
tion, disturbance from both human and environmental
stochastic events, and usurpations, from both con-
specifics and Psithyrus spp. Hobbs et al. (1962), and
Richards (1978) found that approximately 15% of nests
of one species within their study area in western Canada
experienced usurpation attempts. As the season pro-
gresses, local extinctions and the successful production
of reproductives are highly correlated with local floral
diversity and density (Pyke, 1979, 1980; Bowers, 1985).

4.3. Timing of emergence

The earlier a species emerges from hibernation, the
more choice one would imagine it has in terms of pos-
sible nest sites. However, later emergence has advan-
tages in that new nest sites may become available as the
season progresses, and weather and resources may be
more favourable to colony founding. There may also
be lower pressure from parasitism by Psithyrus spp.
There is probably a degree of trade-off between early
and late establishment (Richards, 1978). Here, the three
that preferentially searched along banks (B. terrestris,
B. lapidarius, B. lucorum) were already abundant by the
start of the study, whilst of the three species that pre-
ferred tussocks (B. pascuorum, B. hortorum, B. ruderar-
ius), B. hortorum and B. ruderarius were only beginning
to emerge (Fig. 1). Potential nest sites along banks are
likely to be more visible earlier in the season, before
becoming covered with vegetation, whilst tussocks are
likely to offer better cover later in the season. Emer-
gence patterns of queens of all species were slightly later
in this study than may be expected in southern England;
the study site was on elevated chalk downland and
relatively exposed, and ambient temperatures would
have been lower than those on surrounding land with a
greater degree of shelter.

4.4. Spatial patterns of nest founding

There is considerable spatial variation in the patterns
of Bombus nest founding. Harder (1986) found a ran-
dom pattern of dispersal of 35 bumblebee nests of five
different species within one field in Ontario, Canada.
Nest-site abundances, both relative and absolute, vary
from year to year (Bohart and Knowlton, 1952; Teriés,

1976; Thomson, 1978). The pattern of establishment of
subterranean nests is likely to be a reflection of the nest-
ing habits of the local small mammal population. The
density of small mammals is independent of the density
of nest-seeking queens (Harder, 1986). Svensson and
Lundberg (1977) working on bumblebee nests in north-
ern Sweden found that all excavated subterraneous nests
were located in what were previously rodent nests. They
suggested that with peaks in rodent population dynam-
ics, many ‘extra’ nests are created; these are then left
empty when numbers fall below peak levels, and Bombus
species can colonise these without competition or para-
sitism from rodents (Svensson and Lundberg, 1977).
Individual Bombus species success is highly variable
between years, and some years are more favourable
overall for Bombus spp. than others. All this influences
the numbers of queens produced at the end of the colony
life cycle, and the numbers emerging from hibernation in
the spring. Some authors believe that there may be com-
petition for nest sites (Ranta, 1982), but this has been
refuted by others (Pyke, 1982). If competition does
occur, it probably differs between habitats, and between
years.

Although recent work has indicated that bumblebees
forage further from their nests than previously thought
(Riley et al., 1996; Osborne et al., 1999; Walther-
Hellwig and Frankl, 2000), the maximal observed home
range is no more than 1750 m (Walther-Hellwig and
Frankl, 2000), and on average may be much less than
this (Kevan and Baker, 1983; Bowers, 1985; Roten-
berry, 1990). Successful nests will require a continuum
of forage resources from crops or other food sources
within the home range (Dukas and Edelstein-Keshet,
1998; Cresswell et al., 2000).

4.5. Conservation of suitable nest sites

The availability of nest sites is obviously important to
the survival of Bombus spp. (Tscharntke et al., 1998).
Many potential nest sites have been destroyed by land-
scape modification (Rasmont et al., 1992), as most
bumblebee nest sites are found along uncultivated field
boundaries (Banaszak, 1983; von Hagen, 1994). Those
habitats that have been much disturbed and cultivated
are of least value to bumblebee queens as potential nest
sites (Fussell and Corbet, 1992a). Remaining potential
nest sites exist mainly on scattered remnants of semi-
natural habitat (Saville et al., 1997), and it is important
that these are conserved, along with habitats such as
field and forest boundaries that contain banks and tus-
sock-type vegetation. As an initial step, priority may be
given to habitat conservation depending on the crops
grown in the surrounding landscape. Those Bombus
species with the longest tongues (B. hortorum, B. pas-
cuorum) are necessary for the pollination of crops such
as beans and red clover, and tend to prefer nest sites
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containing tussocks, whilst those short-tongued species
(B. terrestris, B. lapidarius) that preferentially nest along
banks are successful pollinators of crops with smaller,
more open flowers, such as rape and apples (Ranta and
Lundberg, 1980; Fussell and Corbet, 1991, 1992b).

Field boundaries have become a major refuge for
many arthropod species once common on farmland
(Lagerlof and Wallin, 1993). Many widely distributed
bird species utilise hedgerows, and areas that are other-
wise inhospitable to woodland species may contain
hedgerows that are used as winter habitats or dispersal
routes (Fuller et al., 2001). Conservation of such areas
should aid not only bumblebees, but many other species
of fauna as well (Kells et al., 2001).
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