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Synopsis

The intensification of agriculture has led to declines in species diversity and abundance within groups of certain
flora and fauna. Bumblebees (Bombus spp.) are one group where a decline has been documented, and it is thought to
be attributable to a decrease in forage resources and potential nest sites. As bumblebees play an important role in the
pollination of many entomophilous crops, this decline could impact on agricultural productivity. We examined the
role of naturally regenerated field margins in providing forage plants on land where nectar resources are otherwise
impoverished. The following question was addressed — Are naturally regenerated unsprayed field margins more
attractive to foraging bumblebees and honeybees than cropped field margins managed as conservation headlands?
Significantly more bees visited naturally regenerated field margins than cropped field margins. Honeybees (Apis
mellifera), Bombus terrestris, and Bombus lapidarius were the most commonly observed bee species. Different
wildflower species within the naturally regenerated margins varied greatly in relative number of visits received,
and bumblebee species were found to prefer different flower species to honeybees. The potential role that naturally
regenerated field margins could play in the conservation of bumblebee species, and the implications for other species

of flora and fauna, are discussed.

Introduction

In recent years there have been attempts to introduce
conservation measures into arable systems (Firbank
et al. 1991; Dennis & Fry 1992; Saunders et al. 1992;
Dramstad & Fry 1995), and to reverse the detrimental
effects of agricultural intensification on such species
as rare arable weeds (Wilson 1999), chickfood insects
(Aebischer 1991), beneficial insects (MAFF 1999),
bumblebees and solitary bees (Williams 1982; O’ Toole
1994), butterflies (Thomas 1995), songbirds (Fuller
et al. 1995) and gamebirds (Potts 1986). As field edges
produce lower yields than any other part of the field
(Boatman & Sotherton 1988), often require increased
effort for lower economic return (de Snoo & Chaney
1999), and generally contain the greatest floral diversity

(Marshall 1989; de Snoo 1995; Wilson & Aebischer
1995), it is unsurprising that these are the areas which
have become the focus of the conservation effort. The
U.K. has seen the introduction of the Countryside
Stewardship Scheme (CSS), and more recently the
Arable Stewardship Scheme (ASS), both of which
recognise the potential importance of field margins in
agro-ecosystem conservation (MAFF 1998, 1999).
There are currently three main management regimes
applied to land between the crop and the field bound-
ary. Firstly, a narrow sterile strip immediately adjacent
to the crop, created by ploughing or herbicide appli-
cation (Fielder 1987), may act as a defence against
weed ingress from the field boundary. Secondly, the
outer strip of the crop may be maintained free from
herbicide and pesticide application; such strips are
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known as conservation headlands. These encourage
survival of certain broad-leaved annuals, and their asso-
ciated insects. Thirdly, an uncropped strip, usually
6—12 m, wide, may be left around the edge of the field.
Uncropped strips can be naturally regenerated, or sown
with a seed mixture (Critchley 1996; MAFF 1999).
Naturally regenerated, regularly cultivated, uncropped
margins were primarily designed to conserve rare local
arable flora and their associated fauna by providing
an area free from both agrochemicals and competition
from other species (Schumacher 1987; Boatman 1998).
Sowing an uncropped margin with a grass or wildflower
seed mixture can meet particular objectives, e.g. grass
margins can provide winter cover for game birds, flow-
ering plant margins can be used to enhance integrated
pest management regimes (de Snoo & Chaney 1999).
The nature of vegetated margins makes them valu-
able habitats for invertebrates (Moreby & Southway
1999), birds (Rands 1985; Stoate 1999), and small
mammals (Tew et al. 1994). Broad-spectrum insecti-
cides used on crops to control aphids cause high mor-
tality of the larval stages of other insects (Boatman &
Sotherton 1988), many of which are parasitic on aphids;
unsprayed margins offer a refuge for such beneficials
(Chiverton & Sotherton 1991). Uncropped, unsprayed
field margins have been found to be more attractive than
conservation headlands for ground-dwelling inverte-
brates (Hawthorne & Hassell 1994; White & Hassell
1994). Both conservation headlands and uncropped
margins can act as buffers to protect adjacent terrestrial
and riparian habitats from agricultural pollution, for
example by limiting pesticide drift and surface run-off
(Boatman 1988; de Snoo 1995). Vegetated field mar-
gins, both cropped and uncropped, thus have a poten-
tially valuable role to play in the implementation of
conservation schemes on arable land (Smallshire &
Cooke 1999). However, it is the subsequent manage-
ment of these that has greatest impact on the resultant
ecology, especially in the case of uncropped margins
(Smith et al. 1993). Nature and frequency of cultiva-
tion, cutting, and spraying all have an effect, although
in most field margin management schemes, spraying
(other than spot treatments) is rare. Rare arable flora
tend to benefit from annual ploughing (Critchley 1996).
Agricultural intensification is thought to be a major
factor in the decline of bumblebees (Bombus spp.)
within the U.K. in recent years (see Williams 1982;
1986). Bumblebees store only several days’ worth
of reserves (Corbet 1996), unlike honeybees (Apis
mellifera), and therefore require a continuous supply of
nectar and pollen throughout the period when colonies

are active. Food sources, in terms of floral diversity and
abundance, have become limited, both spatially and
temporally, by the trend towards annually disturbed,
anemophilous monocultures, application of herbicides
(Torchio 1991) and other changes in land use (Williams
1982; Corbet et al. 1991). Removal of hedgerows and
the levelling of other boundary features in the drive to
increase field sizes and facilitate mechanisation have
reduced the availability of potential nest sites (Osborne
et al. 1991; Ortiz-Sanchez 1995).

The possession of certain morphological and phys-
iological traits (Batra 1995 [pubescence]; Hippa et al.
1981 [thermo-regulatory ability]; King & Ferguson
1994 [ability to sonicate]; Free 1970 [comparatively
long-tongued]) mean that bumblebees are the most
effective pollinators of many plant species (Colbert &
de Oliveira 1990; Corbet et al. 1991; Batra 1995), and,
along with the other members of the family Apidae,
they are necessary for the pollination of approximately
40 crop species grown in the UK. (Osborne & Williams
1996). As such they are an integral component of agri-
cultural landscapes, and their continued presence is
important for safeguarding yields. Bumblebees also act
as pollination vectors for numerous wildflower species,
and have the ability to maintain small fragmented pop-
ulations of rare plants (Kwak et al. 1991; Petanidou
etal 1991).

Little work has been done thus far on the possible
contribution field margins may make to the conserva-
tion of bumblebee populations on arable land (although
see Fussell & Corbet 1992; Lagerlof et al. 1992). Under
the pilot ASS, a MAFF initiative (MAFF 1999), we
undertook a preliminary study into the potential that
naturally regenerated, unsprayed, field margins might
have in providing forage resources to Bombus spp. in
a landscape identified as being relatively impoverished
in terms of nectar and pollen. We aimed to establish if
naturally regenerated unsprayed field margins are more
attractive to foraging bumblebees and honeybees than
corresponding cropped field margins managed as con-
servation headlands. This was addressed by studying
bee abundance and behaviour in an experimental field
margin set-up in central England.

Methods
Study sites

This study was carried out on five arable farms centred
around Newport, the west Midlands, from 29 June until



9 August 1999. All farms were located withina 12.5 km
radius, at similar elevations, and had introduced field
margins for the first time in 1999. Prior to that, these
areas had been subject to the same treatment as the rest
of the field.

Fields in which the experiments took place were
planted with spring-sown cereals, and were matched
for size as closely as possible. Two uncropped field
margins, which had been allowed to undergo natural
regeneration following spring cultivation, and a control
margin managed as conservation headland were stud-
ied on each farm, each within a different field; con-
trols were as similar in terms of height and density
to the naturally regenerated field margins as possible.
No management other than the spring cultivation was
undertaken on these areas for the duration of the exper-
iment. Both naturally regenerated margins and control
margins were 4-6 m wide, and adjacent to the field
boundary. Hedgerow nectar was not a factor in these
experiments as adjacent boundaries were chosen to be
relatively flower-free. Plant names follow Stace (1997).

Sampling methods

Observations of bee numbers, species, and chosen
forage plant were made following an adaptation of
Pollard’s method of butterfly surveying (Pollard et al.
1975; Pollard 1977). Observations were made along a
0.5x50 m? transect through the centre of field margins
and controls, parallel with the edge of the crop. All
transects were conducted along the straight edges of
fields; corners were not included. Three sets of obser-
vations, taken at 30 min intervals, were made at each
site at 8—10 day intervals over a 40 day period, depend-
ing on ambient conditions. These were averaged for
each site for each day. Individual sites were visited in
a random order for each observation period. Transects
were only walked on days when ambient temperature
was 18°C or above, and it was not raining. All walks
were completed between 09:30 and 18:00 h; all sites
were visited within a 72 h period. Number of individual
flowers of each species were counted for each flower
species along the transects at each time observations
were made, except in the case of e.g. Matricaria spp.,
where number of flowerheads were counted.

Flower preferences

An index was constructed to show preferences of indi-
vidual Bombus species and A. mellifera for each flower
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species present.
PI = (Vi/V)/(A/AD),

where V; is the number of foraging visits of that species
to plant species k, V; is the total number of visits of that
species to all plant species, A, is the total number of
flowers of species k, and A, is the total number of flow-
ers of all species. Flower counts and average numbers
of bee visits for each observation period were summed
across all sites and all dates for the purposes of this
index.

Analysis

Repeated measures ANOVA using SPSS9.0 for
Windows (SPSS Inc., 1998) was used to determine if
bee and flower numbers varied between experimental
and control treatments. ‘Timepoints’ (i.e. dates) were
treated as replicates as the gap between observations
was enough to allow sufficient turnover of bees and
flowers to justify this. Repeated measures ANOVA was
also used to determine whether time had a significant
effect on total bee numbers.

Results

Significantly more bees were recorded in uncropped
field margins than in control margins (F; s = 31.3, p =
0.003) (Figure 1). Of the five sampling timepoints,
most bees were recorded on timepoints 2—4, fewer at
the beginning and the end (Figure 1). The response of
bee numbers to time is best described as a quadratic
relationship (F) s = 51.5, p = 0.001). This response
occurred primarily in naturally regenerated margins,
but not in controls, leading to a significant interac-
tion between timepoint and treatment for bee num-
bers (F; s = 34.8, p = 0.002). Honeybees accounted
for 87.5% of all observations on the control plots, and
Bombus lapidarius accounted for the other 12.5%. No
other Bombus species were observed foraging on the
control plots.

Flower numbers through time

Many more open flowers were recorded on natu-
rally regenerated field margins compared with con-
trols (Fy;; = 11.26, p < 0.005) (Figure 2). There
was a significant interaction between date and treat-
ment for open flowers (Fys5, = 2.74, p = 0.038); this



286 A.R. Kells et al.

2 601 O field margin
-
1] B control
Z 50 T
2 404
S
=]
5 304
-
E
= 20 4
£ 104
-
<
0 T T T .
tl 12 3 4 15

Figure 1. Average number of bees (Bombus + Apis) observed for-
aging on experimental and control plots across the duration of the
experiment. Interval between timepoints was approximately 10 days
n = 10 for experimental plots and n = 5 for controls. Error bars
indicate SEM.
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Figure 2. Total numbers of open flowers on control boundaries and
uncropped field margins through time.

is expected due to the temporal nature of the flower-
ing period. Differences between sites were not found
to be significant (F,s = 0.15, p = 0.957). No sig-
nificant association was found between numbers of
foraging bees and temporal variation in floral density
(r =0.64, p > 0.05).

Bee species

Three species accounted for more than 98% of all
observed visits across all timepoints (Table 1). These
were A. mellifera, B. terrestris/lucorum, and B. lapi-
darius. B. pascuorum, B. pratorum, B. hortorum, and
Psithyrus sylvestris accounted for the other 2% of
recorded bee foragers. This pattern was apparent at
all timepoints (Figure 3). Overall, B. ferrestris was the
most commonly observed bee species at all timepoints.

Flower preferences of foraging bees

There was great variation in the total number of open
flowers of the different plant species (Figure 4A). Those

species that were most numerous were not necessar-
ily the species that received the highest proportion of
foraging visits. Volunteer Brassica spp. were the most
numerous inflorescences in the naturally regenerated
margins, but did not score highly on the preference
indices for honeybees and bumblebees when compared
with species present at lower densities. Matricaria
spp. and Persicaria maculosa were abundant, but were
not visited at all by bumblebees, although honey-
bees were observed foraging on these (Figure 4B).
Conversely, Dipsacus fullonum and Phacelia tanaceti-
folia, which were present in very small numbers at one
site, received a disproportionately large number of bee
visits.

The individual species preferences of B. lapidar-
ius and B. terrestris were found to be quite different
(Figure 4C), although both exhibited a high prefer-
ence for P. tanacetifolia. B. lapidarius also exhibited a
high preference for Linum usitatissimum, while B. ter-
restris preferentially foraged on Cirsium spp. and
D. fullonum. B. terrestris was also recorded foraging
on Pentaglottis sempervivens and Lamium purpureum;

Table 1. Total number of observations of each bee
species across all timepoints, expressed as a percent-
age of the total number of observations of all species.

Species Number of Percentage of
observations observations

A. mellifera 260 18.77

B. lapidarius 341 24.62

B. terrestris 758 54.73

B. pascuorum 19 1.37

B. pratorum 2 0.14

B. hortorum 3 0.23

P. sylvestris 2 0.14
Total 1385 100
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Figure 3. Numbers of each species observed on all uncropped field
margins through time, as a percentage of the total number of bees
observed. Other observed species were B. pascuorum, B. hortorum,
and P. sylvestris.
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Figure 4. The preferences of bee species for each flower species.
Flower species are the annuals (al) Viola arvensis, (a2) Matricaria
spp., (a3) Brassica spp., (a4) Lamium purpureum, (aS) Linum
usitatissimum, (ab) Phacelia tanacetifolia, (a7) Persicaria macu-
losa; biennials (bl) Cirsium spp., (b2) Dipsacus fullonum; and
perennials (pl) Chamerion angustifolium, (p2) trifolium repens,
(p3) Pentaglottis sempervivens. (A) Total number of open flowers of
each species summed across all timepoints; (B) relative preferences
of Bombus spp. and A. mellifera; (C) relative preferences of B. lap-
idarius and B. terrestris. Data is taken from experimental margins
only; for formula see text.

there were no recorded visits of B. lapidarius to either
of these plant species.

Discussion

That naturally regenerated field margins provide an
improved habitat for foraging bees when compared
with cropped field boundaries was apparent across all
field sites. The data revealed a significant difference
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between the average numbers of bees foraging on nat-
urally regenerated margins and controls for the duration
of this experiment, which covered a large part of the for-
aging period of most bee species. Similar results have
been recorded for butterflies (Dover 1992; Sparks &
Parish 1995; Feber er al. 1996). Temporal variation
in numbers of foraging bees was found to be signif-
icant, with a peak in numbers mid-season; this is most
likely a reflection of bumblebee population dynamics
as these constituted the majority of observations at each
timepoint (Figure 3).

The most commonly recorded bee species during this
study were A. mellifera, B. terrestris, and B. lapidar-
ius, and resource partitioning between these is evident.
Some authors have suggested that Bombus spp. parti-
tion resources on the basis of proboscis length (Inouye
1976; 1978; Ranta & Lundberg 1980; Pyke 1982).
However, B. terrestris and B. lapidarius have simi-
lar proboscis lengths (Prys-Jones & Corbet 1991), but
exhibited different preferences for the flowers present;
these generalists, along with A. mellifera, may act to
exclude other Bombus species. The differential pref-
erences of A. mellifera versus Bombus spp. may be
explained by morphological differences between the
species. A. mellifera have shorter proboscides (see
Corbet et al. 1995), and preferentially visit smaller
open flowers, compared to Bombus spp. The larger
body size of Bombus spp. means these are energeti-
cally constrained to visiting flowers with higher nectar
content. The presence of large acreages of crops such as
oilseed rape in the locality of the study may have influ-
enced observed visitation patterns; this could explain
why A. mellifera was recorded in lower numbers than
B. terrestris.

If field margins are left to regenerate naturally after
cultivation, the resulting habitat diversity is proba-
bly influenced by years of intensive agriculture. The
outcome of such natural regeneration will depend on
species already present, either as plants along the field
boundary, or in the seed or bud banks. Certain species
in either of these may affect establishment of the suc-
cessive vegetation (Egler 1954; Connell & Slayter
1977). The persistence of seeds in the seed bank varies
between species (Feber et al. 1996), so seed bank age is
potentially important. In this study similar wildflower
species were found across all the naturally regenerated
margins, most of which are common and widespread
within the U.K. It was not therefore surprising to find
that the dominant bumblebee fauna belonged to the
mainland ubiquitous species group of Williams (1982),
rather than habitat specialists or those with restricted
ranges. Dramstad & Fry (1995) found a similar
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dominance of ubiquitous species on land subjected to
intensive agricultural practices in Norway. However,
along with B. terrestris (B. lucorum) and B. lapidar-
ius, B. pascuorum, B. pratorum, and B. hortorum also
belong to the ubiquitous species group, and yet there
were few recorded sightings of any of these. It is known
that B. pascuorum and B. hortorum preferentially visit
flowers with deeper corollas than B. lapidarius and B.
terrestris (Prys-Jones & Corbet 1991); it is disturbing
that the two ubiquitous members (Williams 1986) of the
longer-tongued species group should account for such a
low proportion of observations here. Corbet (1995) has
suggested that frequent disturbance has most affected
the longer-tongued Bombus spp. as it has enabled shal-
lower annual species to displace the deeper-flowered
perennials that this sub-compartment of the pollina-
tion web preferentially feed on (Corbet 2000). The
disappearance of this species group would have seri-
ous implications for flower species with deep corollas.
However, diversity and density of perennials should
increase in field margins with time, and with lack of
disturbance; many perennials are highly attractive to
all Bombus spp. (Fussell & Corbet 1992). This also has
the advantage of causing failure of either germination
or establishment of annual weeds (Greaves & Marshall
1987; Smith et al. 1993), most of which require an open
sward for germination. Butterflies also prefer to forage
on perennial species (Feber et al. 1996).

Control plots consistently contained lower densi-
ties of flowers than naturally regenerated margins
(Figure 3). There was also lower floral diversity, with
Matricaria spp. and Chamerion angustifolium the only
entomophilous species present, compared with twelve
entomophilous species on the naturally regenerated
margins (see Figure 4). A. mellifera and Bombus spp.
were shown to exhibit little or no foraging affinity
in this case for either Matricaria spp. or C. angusti-
folium. Flowers that scored highly on the preference
index (Figure 4) were absent from control plots, so
the increase in number of foragers on naturally regen-
erated margins is not solely a function of increased
flower density, but of the presence of more ‘attractive’
flower species. Floral species richness has been corre-
lated with abundance of bees (Tscharntke ez al. 1998),
and butterflies (Sparks and Parish 1995). The increased
floral diversity found on the naturally regenerated mar-
gins may result from an initial lack of competition
during establishment.

The naturally regenerated margins used in this study
were all in the initial year of establishment. Some
contained volunteer crop species (for example Brassica

spp. P. tanacetifolia), whilst others were compara-
tively bare. Edges produce lower yields than any other
part of the field (Boatman and Sotherton 1988), and
often require increased effort (de Snoo & Chaney
1999). Losses are therefore minimized by preferen-
tially removing these areas from production (Rands
1985). Field edges are also likely to be the area of the
field with the most diverse flora and fauna, although
Fielder (1987) has noted that seedbed quality at the
field edge is likely to be poor. Where there is a
diverse local flora and weed populations are small then
natural regeneration should be the preferred option.
However, Smith er al. (1993; 1994) found that sow-
ing a grass/wildflower mixture produced better con-
trol of annual grass weeds, and increased butterfly and
overall invertebrate abundance. This should be consid-
ered in areas where the outcome of natural regenera-
tion is likely to be unacceptable. However, although
the sowing of a wildflower seed mixture may provide
better cover, particularly during establishment, and a
wider variety of nectar-producing plants, these can be
expensive, and species from the local flora tend to be
excluded from the resultant border (Smith ef al. 1993).
Management of either a naturally regenerated or a sown
field margin should ensure that the herbaceous flora is
not degraded through shading or herbicide application,
and also that ploughing is limited to allow development
of a mid-successional community, and its constituent
deep-flowered perennials. Timing and depth of cultiva-
tions are also likely to influence the outcome of natural
regeneration (Critchley ef al. 1999). Naturally regen-
erated species in field margins have been maintained
for at least three years in the absence of fertiliser appli-
cation (Smith et al. 1993); the addition of fertiliser is
likely to promote growth of a few of the most compet-
itive species at the expense of all others (Wilson 1993;
1999).

Although the flight ranges of Bombus spp. remain
to be quantified, observations suggest that bumble-
bees are not economically constrained to forage close
to their nests (Dramstad & Fry 1995; Saville et al.
1997), and various models of bumblebee foraging have
proposed that flight ranges in the order of kilometres
can be economically viable (Dukas & Edelstein-Keshet
1998; Cresswell et al. 2000). This has implications for
the spatial and temporal organisation of appropriate
conservation measures.

That naturally regenerated margins benefit other
species has already been noted (Hawthorne & Hassall
1994; Moreby & Southway, 1999; Stoate 1999;
Tew et al. 1994). We would advocate from the results



of this study that naturally regenerated field margins,
with careful management, have the potential to supply
a continuum of nectar and pollen to foraging bumble-
bees on agricultural land across the active period of
colonies. With the development of a mid-successional
community (here meaning open herbaceous vegeta-
tion that has been free from disturbance for at least
5 or 10 years), they should prove valuable in conserv-
ing the longer-tongued bumblebee species, which are
most under threat (Corbet 2000). Also, as such margins
become established, tussocks will form, which may be
utilised as nest sites (Alford 1975). This should aid sta-
bilization of bumblebee numbers on agricultural land,
and safeguard the yields of certain crops. Management
of naturally regenerated field margins for bumblebees
should have a positive effect on other species tradition-
ally associated with farmland, many of which are also
in decline.
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