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Abstract

Some agri-environment schemes promote the creation and management of a variety of non-crop habitats on farmland in
the UK, yet there has been relatively little monitoring to assess how species, particularly birds, use these habitats. The present
study deals with a declining UK farmland bird species, yellowhammerEmberiza citrinella, and considers to what extent grass
margins of arable fields are used as a foraging habitat when feeding nestlings. Studies were carried out in lowland mixed
farmland in southern England.

Grass margins and other non-crop field boundary habitats, such as hedgerows and ditches, were selected relative to cropped
areas by yellowhammers. No significant difference was found between use of cut and uncut grass margins. Studies have
shown that grass margins support high densities of invertebrates and their provision at the edge of arable fields would benefit
yellowhammers during the breeding season both as habitat for prey and as nesting habitat. During the breeding season from
May to August, management should create cut and uncut grass margins in close proximity to each other. This could be achieved
by cutting only the outer edge of the grass margin, maintaining cover next to the hedgerow. Cut areas would provide easier
access to food resources for birds and prevent weed encroachment to the crop, whilst adjacent uncut areas would maintain
invertebrate sources and provide nesting cover for yellowhammers.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Efforts to increase agricultural productivity have
driven intensification of UK farmland management
(Pain and Pienkowski, 1997), including the degrada-
tion or removal of non-cropped habitats. One such
habitat, herbaceous strips of vegetation along field
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edges, has been reduced in availability or quality on
many farms as a consequence of ploughing or grazing
to the hedge base, drift from herbicide applications
and general intensification of land use (Boatman,
1989; Smith et al., 1993). The maintenance of such
strips can provide habitat for invertebrates and mam-
mals and enhance nesting opportunities for gamebirds
(Macdonald et al., 1998; Aebischer et al., 1994;
Dennis et al., 1994). It is also associated with estab-
lishment of territories by other breeding bird species
including yellowhammerEmberiza citrinella(Stoate,
1999; Bradbury et al., 2000). Yellowhammer is one
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of the four British buntings associated with farmland
(the others being corn buntingMiliaria calandra, cirl
bunting E. cirlus and reed buntingE. schoeniclus)
to have undergone population and range declines in
recent years (Fuller et al., 1995). The most recent esti-
mate of yellowhammer population size was 1 200 000
breeding pairs in Britain in 1988–1991 (Gibbons
et al., 1993), but following subsequent decline is now
likely to be nearer to 700 000 pairs (Baillie et al.,
2001). As with other farmland bird species, inten-
sification of farming is implicated in these declines
(Evans, 1997; Brickle et al., 2000).

Attempts to reduce some of the side-effects of
agricultural intensification have included financial in-
centives for farmers to recreate and maintain non-crop
habitats for wildlife. Under the Countryside Stew-
ardship Scheme and the pilot Arable Stewardship
Scheme (Ovenden et al., 1998), both operated by
the UK Government’s Department for Environment,
Food and Rural Affairs, subsidies are paid to create
and manage grass strips along arable field margins.
Currently, 3700 ha of grass margins along arable field
edges are managed under agri-environment schemes
in UK (Smallshire and Cooke, 1999). Grass margins
along cereal field edges are one of the priority habi-
tats of the UK biodiversity action plan (BAP), part
of the UK Government’s response and commitment
to the 1992 Rio Convention on Biological Diver-
sity (Anon., 1995). It is intended that 15 000 ha of
such habitat should fall under the management of
agri-environment schemes by 2010, equivalent to a
total length of 45 000 km of cereal field edge (Swash
et al., 2000). Given a mean density of yellowhammer
on UK farmland of 0.1 territory/ha, and considering
that the highest densities occur in areas dominated
by cereals and hedgerows (Kyrkos et al., 1998), at-
tainment of the UK BAP targets for grass margins
around cereal field edges would impact upon tens of
thousands of pairs of yellowhammers. How and to
what extent such habitat is used by yellowhammers
and other declining farmland bird species during the
breeding season is, therefore, worthy of investigation.

Settlement of yellowhammers on boundaries of
arable fields with grass margins could be associated
either with quality of nesting habitat (Stoate, 1999;
Bradbury et al., 2000) or feeding habitat (Morris et al.,
2001). It is important to understand how different
management regimes may affect the quality of this

habitat for birds searching for invertebrates. Cutting of
the sward can reduce the abundance of invertebrates
(e.g. Feber et al., 1996), but may also improve access
to food resources for birds by opening-up the vegeta-
tion structure of feeding habitats (Odderskaer et al.,
1997). The interaction between food abundance and
access to food may be an important determinant of
food availability to birds (Brodmann et al., 1997) and
yet few studies have considered how different man-
agement regimes influence the use of grass margins
by birds (Laursen, 1981; Weibel, 1998). This study
aimed at testing whether yellowhammers provision-
ing nestlings selected grass margins for foraging and
whether this selection was influenced by the cutting
regime of the grass margin. This allows management
recommendations for grass margins to be suggested.

2. Study area and methods

Fieldwork was carried out from May to August in
1995–1997 and 1999 on a mixed arable and pastoral
farm at Wytham, Oxfordshire. This farm was chosen
because of the presence of 2 and 10 m wide grass
margins around the edges of arable fields, established
for research into management of arable field margins
by the University of Oxford’s Wildlife Conservation
Research Unit (Macdonald et al., 1998). The area of
the study site in each major habitat category in each
period of the study is given in Table 1. The study area
was smaller in 1999 because the main interest was
in the predominantly arable part of the farm, where
a total length of 3.4 km of grass margin along the
edges of four fields were being managed. All of these
margins were 2 m wide as the 10 m wide margins had
been removed in 1998 as part of farming operations.
During the first week of July, 20 sections of margin
with a total length of 1.8 km (1150, 4100, 4150 and
1250 m length sections) were cut and the remaining
1.6 km were left uncut throughout the summer. The
distribution was such that all locations along the entire
length of grass margin were within 125 m (87% within
75 m) of both a cut and uncut section of grass margin.

Yellowhammer nests were located at various stages
of development, from nest building through to the
nestling stage. After hatching, ‘nest-watches’ of at
least 1 h gave a representative sample of each pair’s
foraging patterns. All ‘foraging flights’ (i.e. the
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Table 1
Habitat composition (%) of study site in years 1995–1997 and 1999, and proportion and distance of foraging flights to each habitat
compared with area available (within a 400 m radius of each nest) to foraging birdsa

Habitat 1995–1997 1999

Percentage
of site

Percentage
within 400 m
radius of nest

Percentage
of flights

Distance
flown (m)

Percentage
of site

Percentage
within 400 m
radius of nest

Percentage
of flights

Distance
flown (m)

Boundary 1.7± 0 1.0± 0.04 9± 4 56± 7 1.8 1.3± 0.08 9± 3 53± 9
Margin 1.5± 0 1.9± 0.1 27± 5 51± 4 0.6 0.6± 0.04 12± 4 39± 6
Arable 72.8± 3 67.8± 2 51± 7 99± 5 87.0 74.0± 2 74± 4 77± 4
Grass field 21.9± 3 15.5± 1 6± 3 71± 15 6.0 14.0± 1 1± 1 50± 0
Others 2.1± 0 13.8± 2 7± 3 146± 13 4.6 10.1± 2 4± 2 65± 20

Total area (ha) 142.8 107.0

a Mean values± 1 standard error are given for 29 nests with a total of 535 foraging flights in 1995–1997, and for 10 nests with a total
of 373 foraging flights in 1999. Boundary: field boundary (ditch, hedge, treeline, dirt track and roadside verge); margin: grass margin
(2 or 10 m wide, at edge of arable field); arable: winter-sown cereal (wheatTriticum or barleyHordeum), oilseed-rape (Brassica napus,
subspeciesoleifera), rotational set-aside and maize (Zea); grass field: grass field (pasture, silage and hay); others: woodland edge, roads,
gardens, manure heaps, scrub and building. This data is a useful guide to the proportion of foraging flights made to each habitat compared
with the area available, e.g. the mean number of foraging flights per nest to margins in 1995–1997 was 27%, but this habitat covered a
mean of only 1.9% of the foraging area available per nest.

location to which a parent flew to obtain food for
nestlings) were recorded. On the few occasions when
birds visited more than one location during a foraging
flight, the last to be visited before the bird returned to
the nest was recorded as the foraging site. The amount
of each habitat available within a 400 m radius of
the nest (the maximum distance travelled by foraging
yellowhammers) was calculated by mapping habitats
onto the Ordnance Survey 1:10 000 Map Series and
measuring areas of each habitat using AutoCAD soft-
ware (AutoCAD Release 13, Autodesk, San Rafael,
CA) and a digitising slate (CalComp, Reading, UK).

The proportion of foraging flights from each nest
to each habitat was compared with the proportion ex-
pected if the birds were foraging randomly with re-
spect to the area of each habitat type available to them.
This allowed: (1) to test whether grass margins were
selected relative to other habitats (n = 29 nests in
1995–1997;n = 10 nests in 1999), and (2) to com-
pare the relative use made of cut and uncut grass mar-
gins (n = 8 nests in 1999). GLIM macro procedures
were used (Green et al., 2000), specifying a log-linear
model with a Poisson error distribution and log-link
function, with the number of foraging flights to each
habitat from each nest specified as the response vari-
able. Habitat types and nests were treated as factors.
Foraging flights were expressed as densities (this was

achieved in GLIM-speak by declaring loge(area) as an
offset). This model is referred to as model ‘A’. Further
details of this model and significance testing proce-
dures are given in Appendix A. Modelling was carried
out in GLIM, Release 4 (NAG, 1993).

3. Results

3.1. Habitat use by foraging yellowhammers

Data were obtained from 29 nests during 1995–1997,
ranging from 8 to 32 foraging flights per nest (mean
18.4) to five habitat categories (Table 1). Overall
variation (V) in relative foraging density between
habitat types was 1.8 (Appendix A, randomisation
test,P < 0.001), confirming that significant overall
habitat selection had occurred. Six of 10 possible
pairwise habitat tests revealed significant differences
in relative foraging density (Table 2). A significantly
greater number of foraging visits per unit area of
available habitat were made to grass margins and
field boundaries than to all other habitat types, but
there was no significant difference between use of
grass margins and field boundary habitats. The results
presented in Table 2 allowed habitats to be ranked
in the following order, from most to least selected
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Table 2
Results of analysis for 1995–1997, Appendix A.2—differences in
density of use between pairs of habitatsa

Habitat,a Habitat,b Relative foraging
density (a:b)

P

Margin Boundary 1.7 0.176
Margin Arable 18.1 0.001
Margin Grass field 32.7 <0.001
Margin Others 33.9 <0.001
Boundary Arable 10.9 0.001
Boundary Grass field 19.7 0.004
Boundary Others 20.5 <0.001
Arable Grass field 1.8 0.134
Arable Others 1.9 0.088
Grass field Others 1.0 0.984

a P is the significance of the difference in relative foraging
density observed, derived by dividing by 1000 the number of times
that the randomised value exceeded or equalled the observed value.
Note: for example, in line 1 of the table there were 1.7 foraging
visits to margins for every one visit to boundary per unit area of
available habitat;N = 29 nests.

(where � denotes significant difference, > denotes
non-significant difference):

(margins> boundaries) � (arable> grass> others)

In 1999, foraging flight data were obtained from 10
nests (ranging from 10 to 65 foraging flights per nest,
with a mean of 37.3). Again, habitat selection took
place (V = 2.6; P = 0.002), with the rank order of
habitat selection very similar to that in 1995–1997.

3.2. Use of cut and uncut grass margins

Eight of the 10 nests observed in 1999 had both cut
and uncut grass margins available as foraging habitats
during the nestling period. The remaining two nests
fledged before margins were cut and so were excluded
from the analysis of the effect of cutting on habitat
choice.

There was no significant difference in use of cut
and uncut margins. However, greater use was made of
both cut and uncut grass margins than field boundaries
(relative foraging density cut margin:boundary=
6.9, P = 0.043; relative foraging density uncut
margin:boundary= 2.5, P = 0.123). Relative prox-
imity of nest site to cut and uncut margins did not
influence selection made by birds between these
foraging habitats (SpearmanrS = +0.14, P = 0.74).

4. Discussion

The nestling diet of yellowhammers is diverse and
includes Araneae, Diptera and Symphyta, but the most
important taxa are Collembola, Orthoptera, Coleoptera
and Lepidoptera (Wilson et al., 1996). Many other
farmland bird species share a similar diet, including
skylark Alauda arvensis, reed bunting, house spar-
row Passer domesticus, tree sparrowP. montanus, cirl
bunting and corn bunting (Wilson et al., 1996).

The effects of modern crop management on inver-
tebrate populations in the crop, and selection of these
habitats by foraging yellowhammers, are discussed
elsewhere (Stoate et al., 1998; Moreby et al., 1999;
Morris et al., 2001). Here, grass margins were con-
sidered as opposed to other field boundary habitats,
and aspects of grass margin management which were
not covered by those studies. Field margins supported
higher numbers of invertebrates such as Araneae, Lep-
idoptera and Coleoptera than cultivated fields (Den-
nis et al., 1994; Macdonald et al., 1998). Accordingly,
this study has shown that grass margins were signifi-
cantly selected, relative to all other habitat types other
than field boundaries. This selection was partially con-
founded with shorter foraging flight distances to grass
margins and boundaries. This was to be expected given
that all nests were situated within field boundaries and
most were next to grass margins. However, birds were
still flying tens of metres when using these habitats
and were not merely foraging in the immediate vicin-
ity of the nest. Given that no nest was further than
12 m from an arable or grass habitat, the selection of
grass margins and field boundaries was a real effect,
and not an artefact of closer proximity of nests to these
habitats. The number of foraging visits per unit area
of available habitat in margins and boundaries were
also several orders of magnitude greater than in arable,
grass and ‘other’ habitat types.

Studies of the invertebrate populations of the grass
margins at Wytham have shown that cutting, espe-
cially during summer, caused a significant reduction
in the abundance and species diversity of invertebrate
groups such as Araneae, Lepidoptera, Heteroptera and
Auchenorrhyncha (Smith et al., 1993; Feber et al.,
1996; Macdonald et al., 1998). Other work has shown
that cutting was detrimental to invertebrate popula-
tions living in grasslands (e.g. Morris, 1990; Volkl
et al., 1993), although recolonisation rates by some
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invertebrate groups may be rapid once the crop layer
has re-established following cultivation or mowing
(Good and Giller, 1991). Mowing in spring and au-
tumn had a less severe impact on invertebrate popu-
lations and was beneficial in terms of maximising the
plant species richness of swards and controlling agri-
cultural weeds (Feber et al., 1996; Macdonald et al.,
1998). Hence, margins cut in summer may be expected
to be used less by foraging yellowhammers, as a func-
tion of abundance of food.

However, no significant difference was found be-
tween use of cut and uncut margins. This might be
because availability of food resources is a function
of accessibility as well as abundance of invertebrates.
Yellowhammers and other small passerines often for-
age along tramlines (tractor tracks) within arable fields
(Kyrkos, 1997; Odderskaer et al., 1997), suggesting
that density of vegetation may be a limiting factor
in their selection of foraging sites (Cracknell, 1986;
Perkins et al., 2000). A newly cut margin would pro-
vide yellowhammers with easier access to potential
food resources than an uncut margin in which the veg-
etation is often in excess of 1 m tall. Hence, while ac-
knowledging that sample sizes are small and so the
statistical power may be low to detect a difference,
the interaction between the effects on prey abundance
and access to prey may explain the lack of selection
shown by foraging yellowhammers between the two
types of grass margin.

Although it is clear that grass margins were se-
lected and used extensively as foraging habitats by yel-
lowhammers, it was not possible in this study, based
on only one farm, to consider whether proximity of
nests to grass margins influenced productivity and nest
survival. This would require a wider study at the farm
scale on the effects of the presence of grass margins
on nestling growth and nest survival and is partly ad-
dressed elsewhere (Bradbury et al., 2000).

Studies have shown that yellowhammer territory
density can be significantly higher along arable field
boundaries when a grass margin is present, and can
increase with margin width (Bradbury et al., 2000).
Current UK BAP targets for the creation of grass
margins around cereal field edges, therefore, have the
potential to contribute to halting and reversing popu-
lation declines of yellowhammers on a local scale. If
extended to the remainder of the 400 000 km of cereal
field boundary within the UK, which provides nesting

habitat for a large proportion of the UK population,
provision of grass margins may also make a signif-
icant contribution to reversing the population decline
on a national scale.

Management prescriptions of a heterogeneous mix-
ture of uncut and cut margins would provide both
undisturbed habitats where invertebrates can prolifer-
ate and habitats which are more accessible to foraging
birds such as yellowhammers. Increased diversity of
vegetation structure can deliver benefits for a wider
range of species (Feber et al., 1999), and the impacts
of cutting may be less severe when a mixture of cut
and uncut habitats are close to one another, allowing
rapid invertebrate recolonisation of the cut areas once
the vegetation has re-grown (Good and Giller, 1991).
One management option may be to cut the outer, field
edge of the margin only (Feber et al., 1996), allowing
access to foraging birds and to maintain cover next
to the ditch or hedgerow for invertebrates and nesting
birds (Stoate, 1999).

Such a management strategy may also prove
favourable with farmers, as summer cutting of mar-
gins can also help to control problem weeds such
as wild oatsAvenaspp. and barren bromeBromus
sterilis (Smith et al., 1993). With the grants available
for landowners to create and maintain habitats such
as grass margins now outweighing financial losses
incurred through their replacement of crops (Chaney
et al., 1999), it is likely that the area currently un-
der agreement of various agri-environment schemes
will continue to increase. It is, therefore, critical to
know, through continued detailed ecological research,
how to get the best conservation results and value
for money, for species of all taxa, from such habitat
creation schemes.
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Appendix A

A.1. Testing for overall variation in habitat use

Model A was constructed to derive maximum-
likelihood estimates of ‘foraging densities’ (number of
foraging flights to a habitat per unit area of that habitat)
in each habitat relative to one reference habitat (where
foraging density coefficient for reference habitatb1 =
1). These foraging density coefficients were then used
to derive a measure of overall variation (V) in foraging
density between all habitat types, using the formula

V =
∑

i (w
∗
i b

2
i ) − [∑

i (w
∗
i bi)

2/
∑

i (wi)
]

∑
i (wi)

wherebi is the loge foraging density coefficient from
model A (described above) for habitati andwi is ei-
ther the total number of observed foraging flights, or
the expected number of foraging flights based on avail-
able area (whichever is the greater), to habitati from
all nests. Summation

∑
i is across all habitats. For ex-

ample, in 1999,bi values for arable and grass were de-
rived as follows: model A was a general linear model
run in GLIM with a Poisson error distribution. Data
entered into model were loge of area of habitat and
number of observed foraging flights to that habitat for
each habitat present within each nest territory (58 rows
of data—eight nests with six habitats within territory
and two nests with five habitats). The parameter esti-
mates of the model were thebi values for each habitat.
In this case, arable was set as the reference habitat and
bi value = 1. Parameter estimate for grass (habitat
2)= −2.61= bi value, i.e. negative selection relative
to the reference habitat, which was arable in this case.

The weights (expectedwi scores) were used to re-
duce the influence of coefficients for those habitats
which covered a very small area or which were only
present in territories in which few foraging flights were
observed or both. The derived (expected) values were
calculated using the formula

wi =
∑

n

(a∗
i F )/A

where ai is the area of habitati within a territory,
A the total area within that territory andF the total
number of foraging flights made to all habitats from
that nest. Summation

∑
n is across all nests. For ex-

ample, in 1999,wi value for arable was calculated
as follows: for each of the 10 nests in turn, the area
of arable habitat within a 400 m radius of the nest
was multiplied by the total number of foraging flights
made to all habitats from that nest, and this figure
was divided by the total area within a 400 m radius of
the nest (50.3 ha in all cases). For nest 1: (36.6 ha of
arable× 10 foraging flights to all habitats)/50.3 ha =
7.3 foraging flights to arable (expected value). Thewi

value for arable was the sum of the expected values
for the 10 nests or the sum of the observed values for
the 10 nests, whichever was greater. In this case,wi

for arable= 289.
The statistical significance ofV was tested by per-

forming a randomisation procedure. The labels of the
habitats within each territory were shuffled randomly
and model A was fitted to deriveV from the ran-
domised data, which was then compared with the score
from the actual data. This procedure was performed
1000 times and the number of occasions on which the
randomly derivedV score exceeded or was equal to
the actualV score was obtained. This value, when di-
vided by 1000, gives the probability that non-random
habitat selection is taking place.

A.2. Testing for significant differences
in density of use between pairs of habitats

In pairwise habitat tests, model A was used to de-
rive maximum-likelihood estimates of foraging den-
sity (observed) in one habitat relative to the second
habitat, for nests with both habitats present within
their territory. A randomisation procedure was used
to test the statistical significance of the observed
relative foraging density by deriving a randomised
maximum-likelihood estimate of relative foraging
density. This was achieved by randomly shuffling the
labels of the pair of habitats being tested for each nest
where both habitats were present (the other habitat
labels were left unaltered) and re-fitting model A.
This procedure was performed 1000 times and the
number of occasions on which the randomised rel-
ative foraging density was equal to or exceeded the
value for the observed relative foraging density was
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obtained. This value was divided by 1000 to obtain the
probability that the foraging density was significantly
different between the two habitats. This procedure
was repeated for all pair combinations of habitats.

For example, in 1999 (n = 10 nests), the estimate
from model A of the number of foraging flights to
arable relative to grass, controlling for area of each
habitat available (i.e. relative foraging density)= 14.3
(observed value), i.e. 14.3 foraging flights made to
arable for every one foraging flight made to grass
field. The randomisation procedure derived a value
(expected) which was equal to or greater than the ob-
served value four times out of 1000 iterations. There-
fore, P = 4/1000= 0.004.
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