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Abstract

Fine-scale habitat use by yellowhammers (Emberiza citrinella) searching for food to provision nestlings was compared in three
agriculturally contrasting regions of lowland England. Log-linear modelling was used to test for significant overall variation in
habitat use and significant differences in relative use between pairs of habitats. Yellowhammers provisioned nestlings non-randomly
with respect to habitat availability. Habitat selection was found to be generally consistent across the three regions; field boundary

structures and barley crops were the most selected foraging habitats, while intensively-managed grass fields were avoided relative to
virtually all other habitats. The observed patterns of habitat selection are likely to result from an interaction of food abundance and
varying accessibility to food, mediated by sward structure. The geographical generality of the results allows reasons to be suggested

for the recent rapid population decline of the species and general conservation recommendations to be made with respect to low-
land farmland. # 2001 Elsevier Science Ltd. All rights reserved.

Keywords: Agricultural intensification; Conservation; Field boundaries; Log-linear modelling; Organic farming

1. Introduction

When developing management guidelines for popula-
tion conservation, two types of data can be used: low-
resolution surveys covering large geographical areas and
high-resolution studies in small study areas. These may
be defined as ‘extensive’ and ‘intensive’ studies, respec-
tively. From the policy-makers’ perspective, the strength
of extensive studies lies in their geographical generality,
since land-management policies are usually applied to
large geographical regions. Their disadvantage is that
organism-habitat associations measured at coarse reso-
lution over large areas may not elucidate underlying
ecological mechanisms. Alternatively, intensive studies
provide conclusions which apply only to small areas,
but which are more likely to reflect genuine under-
pinning mechanisms. The two approaches can lead to
apparently contradictory conclusions. For example, at a

10 km grid-square resolution, Gates et al. (1994) showed
a positive association between skylark (Alauda arvensis)
abundance and area sown with cereals (because skylarks
favour the open landscapes associated with cereal
farming). However, intensive studies demonstrate that
modern cereal management precludes settlement and
probably caused the species’ recent population decline
(Donald and Vickery, 2000).
Intensive studies could guide policy decisions more

usefully over wider geographical areas, if their results
could be validated at other locations within those areas.
Recently, organism-habitat models developed from field
studies in one location have been used to predict dis-
tribution or abundance at another (e.g. Fielding and
Haworth, 1995; Carroll et al., 1999; Rodrı́guez and
Andrén, 1999). Such studies have used presence/absence
data, often with fairly coarse units of habitat measure-
ment (e.g. 1 km square or a patch of woodland) to
model the animal’s occurrence.
Within Britain, provision of sound management pre-

scriptions for reversing farmland bird population
declines is a priority (Gregory et al., 2000). Here, we
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consider the yellowhammer (Emberiza citrinella), a spe-
cies that has declined rapidly since the late 1980s in
Britain (Fuller et al., 1995; Crick et al., 1998; Sir-
iwardena et al., 1998) and much of western Europe
(Tucker and Heath, 1994). On farmland, yellow-
hammers prefer to settle next to arable fields, nesting
among herbaceous vegetation in ditches and rough
grass margins or in the shrubby vegetation of hedge-
rows (Stoate et al., 1998; Bradbury et al., 2000). Adult
yellowhammers are largely granivorous but nestling diet
is dominated by invertebrates, notably Arachnida,
Coleoptera, Collembola, Hymenoptera, Lepidoptera
larvae and Orthoptera, and also includes semi-ripe cer-
eal grain (Wilson et al., 1996; Stoate et al., 1998). We
examined how foraging habitat selection by yellow-
hammers varied between regions with different farming
regimes and underlying environmental conditions. The
unit of replication is a nesting attempt by an individual
pair of birds and we measured habitat available around
each nest. We adopted this approach because it is based
at the scale of individual management blocks, e.g. crops
within fields and field boundary features (such as hedges
and ditches), which can be easily manipulated by land
managers. Any geographical generality in patterns of
habitat usemay have important conservation implications.
In summary, this study has four aims. First, to test

whether yellowhammers provisioning chicks forage
randomly with respect to area of habitat available. Sec-
ond, if foraging habitat selection is non-random, we
compare generality of habitat selection across three
regions of lowland agricultural England. Third, we
interpret observed patterns of habitat selection with
respect to yellowhammer population decline. Fourth,
we use our findings to make conservation recommen-
dations, of broad generality.

2. Methods

2.1. Study sites

Fieldwork took place at six sites in Devon, six sites in
East Anglia and 10 sites in the Oxford area, varying in
size from 50 to 202 ha (Fig. 1). All Devon and East
Anglia sites contained some set-aside (for a description
of this land-use, see Henderson et al., 2000) in the first
year but otherwise were typical of local farmland: agri-
cultural grassland (varying in age and intensity of man-
agement), with some arable (mainly cereal) production
in Devon and intensive arable (winter-sown cereals, oil-
seeds and sugar beet Beta vulgaris) production in East
Anglia. All farms in the Oxford area were mixed arable
and grassland. Four of the Oxford sites were organically
managed, utilising crop rotations and cultivations,
instead of inorganic fertilisers or pesticides, to sustain
fertility and control pests. The remaining six farms in

the Oxford area and all other farms were farmed con-
ventionally (i.e. with routine use of agrochemicals).

2.2. Bird recording

Fieldworkers located nests by mapping territorial
males and watching for signs of breeding behaviour.
Observations of foraging habitat selection began when
nestlings were 4 days old and continued until they dis-
persed from the nest area (usually at 12–13 days old).
Each session was carried out from a concealed location,
lasted a minimum of 1 h and was not carried out during
periods of wet weather with persistent heavy rain. Dur-
ing each session, all ‘foraging flights’ (i.e. the location to
which a parent flew to obtain food for nestlings) were
noted and the habitat at and distance to the foraging
location recorded. If the destination of flights was
unknown (7.9% of the total), they were discounted
from the analysis. If an adult visited multiple locations
prior to returning to the nest (<0.1% of all flights), the
last visited was assumed to be the foraging site.
Data were analysed for 278 yellowhammer nests from

which 10 or more foraging flights to a known destina-
tion, <400 m from the nest, were observed; 97% of all
flights with an observed foraging destination were
within this radius. A further 114 nests, all with fewer
than 10 foraging flights to known destinations, were
excluded from analysis. Mostly, this was because nests

Fig. 1. Map of England and Wales showing the location of the study

areas, Devon: 1 Bolberry; 2 East Portlemouth; 3 Lincombe; 4 Scoble; 5

South Pool; 6 Dittisham. Oxford: 7 Bishopstone; 8 Idstone; 9 Eaton

Hastings; 10–11 Great Coxwell; 12 Faringdon; 13–14 Wytham; 15

Deddington; 16 Radway. East Anglia: 17 Horseheath; 18 Barrow; 19

Little Glemham; 20 Swannington; 21 Swanton Morley; 22 Burham

Market.
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failed early in the brood period but, for a few, foraging
observations were impossible because of topography
around the nest. Data were collected during 1994 and
1995 in Devon and East Anglia and during 3 con-
secutive years (1995–1997) in the Oxford area (Table 1).

2.3. Habitat recording

Habitats were mapped onto Ordnance Survey 1:10,000
Maps and their areas measured using AutoCAD software
(AutoCADRelease 13, Autodesk, San Rafael, California)
and a digitising pad (A3 Drawing Slate, CalComp,
Reading, UK). We defined 16 habitat categories, nine of
which were common to all three regions, although the
‘miscellaneous arable’ category (an amalgam of scarce
crop types) varied in its composition between regions.
Five categories were found in two regions and two in a
single region. Category definitions and summaries of the
regional differences in composition are shown in Table 2.

2.4. Statistical analysis

First, we tested whether yellowhammers selected
habitats at random. If not, we compared relative selec-
tion of habitats to derive an approximate ranking of
habitat use. Separate analyses were performed on data
from each region, using GLIM macro procedures sup-
plied by Dr. R.E. Green (Green et al., 2000) which
allowed us to test for (1) significant overall variation in
habitat use and (2) significant differences in relative use
between pairs of habitats. In the terminology of GLIM,
we used a log-linear model with a Poisson error dis-
tribution and log link function, with the number of
foraging flights to each habitat from each nest specified
as the response variable. Habitat types and nests were
treated as factors. Loge (area) of each habitat, within a
400 m radius encircling each nest, was declared as an
offset variable. The offset variable controls for the

increased number of records associated with larger
areas. This model is referred to as model ‘A’:

Log density of forages ¼ Ni þHi

where Ni is the ith of a set of coefficients specific to the
number of nests in each region (e.g. 73 for East Anglia)
and Hi is the set of coefficients specific to the habitats in
each region (e.g. 13 in East Anglia).
All modelling was carried out in GLIM, release 4

(NAG, 1993). This method was preferred to compositional
analysis (Aitchison, 1986) for two reasons. First, there
was wide variation in the number of foraging records
per nest (10 to 102 foraging flights per nest). Log-linear
modelling allowed us to weight data according to

Table 2

Percentage habitat composition of the study sites in Devon, East

Anglia and the Oxford area

Habitat Oxford East Anglia Devon

Boundary featuresa 2.67 2.16 0.91

Semi-natural grassb 12.16

Man-made featuresc 3.67 5.74 3.19

Wood and water 5.22 5.63 10.59

Total-miscellaneous

non-cropped features

11.56 13.53 26.85

Pastured 12.23 7.34 10.77

Non-rotational set-aside-

sown grass cover

1.95 3.83

Non-rotational set-aside-

naturally regenerating cover

4.28 5.48

Grass leye 17.51 22.20

Total- agricultural grassland 31.69 11.62 42.28

Spring cereals (mostly barley) 1.62 9.46 2.46

Winter barley 5.49 8.10 13.65

Winter wheat 29.77 19.26 2.68

Stubblesf 3.00 15.88 7.46

Oilseedsg 5.86 3.33

Legumesh 4.93 2.36

Sugar beet 8.78

Miscellaneous arablei 6.08 7.68 4.62

Total-arable 56.75 74.85 30.87

a Boundary features (hedges, ditches, scrubby field corners and pits,

grass/dirt tracks, grass banks and verges and set-aside grass margins).
b Semi-natural grass (maritime heath, rough non-grazed grass and

under-cliff vegetation).
c Man-made features (farm and domestic buildings, gardens, man-

ure heaps and slurry pits).
d Pasture (grass established for 10+ years and grazed by livestock

at some stage during the year).
e Grass ley (temporary grass, primarily cut for fodder but which

may also be grazed).
f Stubbles (mainly cereals entered into rotational set-aside scheme).
g Oilseeds (spring and autumn rape, with small amounts of linseed).
h Legumes (peas and forage-beans).
i Miscellaneous arable (all other arable crops, category variable in

composition between regions; in Devon also includes oilseeds and

legumes).

Table 1

Number of yellowhammer study plots and nests, summarised by

region and year, with at least 10 flights to a known foraging site 400

metres from the nest

Year No. of S. Devon East Anglia Oxford Total

1994 Study plots 4 4 Not

covered

8

Nests 27 35 62

1995 Study plots 5 4 0 14

Nests 31 38 44 113

1996 Study plots Not

covered

Not covered 9 9

Nests – – 48 48

1997 Study plots Not

covered

Not covered 9 9

Nests – – 55 55

All years Study plots 6 6 10 22

Nests 58 73 147 278
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sample size, whereas compositional analysis takes into
account only proportional use of a habitat. Second, the
use of the measure of overall variation (V score — see
Appendix A) allowed habitats to be weighted according
to their availability. These weights reduced the influence
of habitats that covered only small areas. The methods
used to test for statistical significance of overall varia-
tion in habitat use and pairwise differences between
habitats are summarised in Appendix A.
This analytical approach has two clear weaknesses.

First, we do not know the effect of distance on habitat
selection within 400 m of the nest. An alternative would
have been to consider habitat selection within each of a
series of concentric annuli around the nest. However, as
>70% of the 278 pairs analysed had 30 or fewer fora-
ging records, the numbers of observed forages within
each annulus would have been very small. Instead, we
compared relative density of use of a habitat between
nests where the habitat type was adjacent to the nest
and those where it was not, using Mann–Whitney U-
tests. Second, if adjacent habitats were visited more fre-
quently, some of the patterns of habitat selection may
be caused by variation in the distance from nest between
habitats. To examine this effect, we plotted the proportion
of nests with a given habitat type adjacent against the rank
score for each habitat type (see Appendix A for method of
calculation), derived from the pairwise habitat models. If
differences in adjacency were causing the observed pat-
terns, we would expect that habitats favoured for foraging
would be found more frequently next to the nest.

3. Results

3.1. Do yellowhammers forage randomly with regard to
habitat availability?

Overall variation (V) in relative foraging density
between habitat types was, in all three regions, unlikely to
have been seen by chance (P<0.001). We therefore con-
clude that yellowhammers selected foraging sites non-ran-
domly with respect to the area of habitat types available
within 400 m of the nest. Fig. 2 presents the patterns of
habitat selection shown in all three regions. The expected
number of foraging records was calculated for each pair
individually and then summed across pairs (Appendix A).

3.2. How geographically general was habitat selection?

Table 3 shows that pairwise contrasts in habitat
selection were generally consistent across regions. Of the
25 pairwise habitat combinations common to all three
regions and with sample sizes of 10+ nests per region,
17 yielded results that were consistent between regions
(Table 3). For habitat combinations present in only two
regions and with sample sizes of 10+ pairs per region
(Table 4), 23 out of 31 were consistent. Only two pair-
wise habitat combinations showed opposing selection
trends between regions (wheat>legumes in the Oxford
area, wheat< legumes in East Anglia; wheat>pasture in
East Anglia and the Oxford area, wheat>pasture in
Devon; Table 3 and 4).

Fig. 2. Differences between observed and expected number of foraging flights to 16 habitats in Devon, East Anglia and Oxford. +ve values,

observed>expected; �ve values, observed<expected.
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3.3. Which habitat types were consistently selected?

Certain habitats were universally selected. The selec-
tion of boundary features over all other habitat types in
all three regions is particularly notable (Appendix B).
Winter barley was selected more often than would be
expected relative to its area in all three regions (Fig. 2)
and also to most types of cultivated grass (Appendix B).
Cultivated grass fields (pasture, grass ley and non-

rotational set-aside with sown cover) and stubbles were
used less than expected (Fig. 2) and rarely selected rela-
tive to other habitats in any of the three regions (Appen-
dix B). No foraging flights were recorded to woodland.
Selection of other arable crops over one another was

rarely statistically significant and never robust between
regions (although barley showed a non-significant trend
for selection over wheat in all three regions; Appendix
B). Comparisons involving spring cereals and the non-
rotational set-aside categories usually contained too few
data for meaningful conclusions to be drawn.

3.4. Were birds selecting fields closer to their nests for
foraging?

Density of use of a habitat was usually higher when
adjacent to the nest, though few tests were statistically
significant. The reverse was never true (Table 5). In East
Anglia, four of 11 habitats (winter wheat, winter barley,
legumes and rotational stubbles) supported greater
numbers of visits when the habitat was adjacent to the
nest. Outside East Anglia, oilseeds (Oxford) were the
only habitat used significantly more when adjacent to
the nest. Adjacency of the crop to the nest did not affect
use of any cultivated grass habitat. The effects of adja-
cency on foraging visits to boundary features could not
be tested as all nests (apart from four nests in scrub in
Devon) were in hedges or ditches.

3.5. Could within-region patterns of habitat selection be
caused by differences in distances to the nest between
habitat types?

Overall, there was some evidence of a weak effect of
positioning of habitats relative to the nest on the pat-
terns of habitat selection found within each region
(Fig. 3). There was evidence of a trend for habitats closer
to the nest to be more selected in Devon (rs=0.55,
d.f.=11, P=0.06) and in Oxford (rs=0.57, d.f.=11,
P=0.06). This was not the case in East Anglia (rs=
�0.37, d.f.=11, P=0.24). However, several habitats
frequently found adjacent to nests were strongly avoi-
ded, e.g. permanent pasture (Oxford and East Anglia)
and man-made features (East Anglia). Conversely, sev-
eral strongly selected habitats were rarely found next to
nests, e.g. legumes (East Anglia), winter-sown barley
(East Anglia and Devon), spring-sown cereals (Devon)
and natural regeneration, non-rotational set-aside
(Devon; Fig. 3).

4. Discussion

In agreement with other studies (Biber, 1993; Lille,
1996; Stoate et al., 1998), we found non-random habitat
selection by yellowhammers foraging for nestling food.
Within crop types, there was a trend for more visits to
fields adjacent to the nest but the results were rarely
significant. In East Anglia, where this trend was most
marked, larger mean field size (East Anglia=8.3 ha,
Oxford=6.8 ha, Devon=3.1 ha) may have reduced the
likelihood of patches of non-adjacent habitat occurring
within foraging range of the nest. Although there was
some suggestion that patterns of habitat selection found
in Devon and the Oxford area reflected the relative
proximity of habitats to the nest (Fig. 3), not all

Table 3

Results of analyses of pairwise habitat combinations common to all three regionsa

a D=Devon; E=East Anglia; O=Oxford.+selected; � avoided; n no preference for ‘row’ habitat relative to ‘column’ habitat. Habitat combi-

nations with less than 10 yellowhammer pairs are indicated in parentheses. Consistent trends in habitat use between regions are indicated in bold

(where n=10+). For example, Boundary features had a significantly higher density of use than Rotational stubbles in all three regions.
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habitats occurring adjacent to the nest were selected.
Some strongly avoided habitats (notably pasture) were
frequently found adjacent to nests, while the habitats
selected in East Anglia tended to be those that were
seldom found adjacent to the nest. We therefore con-
clude that habitat selection is not simply an artefact of
the distances of the habitats from nests.

4.1. Possible mechanisms influencing foraging patterns

Three possible factors may influence the foraging
patterns observed in our study.

1. Selection of habitats with low predation risk. No
data are available on whether foraging strategies
of yellowhammers provisioning nestlings are influ-
enced by predation risk, either to nestlings or to
adult birds. However, the former is perhaps unli-
kely as yellowhammers frequently forage near the
nest, e.g. 90% (Biber, 1993) and 60% (this study)
of foraging flights were <100 m; 50% within 30 m
(Biber, 1993). We do not consider predation risk
further here.

2. Selection of habitats with high food abundance.
3. Selection of habitats where vegetation structure
makes food relatively accessible.

As time and manpower did not permit us to measure
food abundance or accessibility, we are unable to
directly test whether the latter two factors influence yel-
lowhammer foraging patterns. However, after reviewing
published data on yellowhammer diet, trends in food
abundance (Wilson et al., 1996, 1999), invertebrate
populations on farmland and sward structure, we sug-
gest that food abundance and accessibility are the most

likely explanations of the observed patterns of foraging
habitat selection.

4.2. Food abundance

Boundary habitats were consistently selected, as in
other studies (Biber, 1993; Lille, 1996; Stoate et al.,
1998). Boundary habitats support higher invertebrate
densities (including Araneae, Coleoptera and Lepi-
doptera) than cultivated fields (Thomas et al., 1991;
Dennis et al., 1994; Feber et al., 1996). The geographical
consistency in the selection of boundaries (Table 3)
suggests that differences in food availability between
boundaries, which may arise from variation in the
effects of agrochemical drift and management (Marrs et
al., 1989; Marrs et al., 1991; Bannister and Watt, 1994;
Kleijn and Snoeijing, 1997), were less important than
differences in food availability between boundaries and
other agricultural habitats.
Extensively managed pastures and semi-natural

grassland in Devon represent types of grassland man-
agement that are now rare on most lowland farmland
(Haggar and Peel, 1994). Semi-natural grassland habi-
tats, such as downland, which support high densities of
breeding yellowhammers (Fuller, 1982) and provide
favoured foraging sites, are known to be rich in inver-
tebrates (Morris, 1990). Coleoptera, Diptera, Hyme-
noptera and Orthoptera are all more abundant on
traditionally maintained pasture and meadows than on
more intensive grassland and arable land (van Winger-
den et al., 1991; Fricke and von Nordheim, 1992;
Tucker, 1992; van Wingerden et al., 1992; Curry, 1994;
Struwe-Juhl, 1995). The general avoidance of intensively
managed grass fields (even when adjacent to the nest;

Table 4

Results of analyses of pairwise habitat combinations common to two out of three regionsa

a D=Devon; E=East Anglia; O=Oxford. +selected; � avoided; n no preference for ‘row’ habitat relative to ‘column’ habitat. Habitat combi-

nations with less than 10 yellowhammer pairs are indicated in parentheses. Consistent trends in habitat selection between regions are indicated in

bold (where n=10+). Solid black cells indicate pairwise habitat combination not present in that region.
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Fig. 3) is therefore consistent with the hypothesis that
relative lack of available food renders most modern
cultivated grassland a poor foraging habitat for breed-
ing yellowhammers.
We found the avoidance of intensively managed grass

compared to most arable crops to be geographically
consistent. In the same Oxford study areas, Bradbury et
al. (2000) noted that yellowhammers also avoided field

boundaries in grassland areas during territory settle-
ment. In contrast, Wild (1938), found that pasture was
selected by territorial yellowhammers prior to agri-
cultural intensification in the UK. Food taxa such as
adult Coleoptera (Tucker, 1992) are now more abun-
dant in arable crops than in agricultural grass, probably
because, for much of the summer, high stocking den-
sities and frequent cutting of grass fields removes the

Fig. 3. Plots of the proportion of nests with each habitat type adjacent to the nest, showing the rank score for each habitat type derived from the

pairwise habitat models (Appendix B) for (a) Devon, (b) East Anglia and (c) Oxford. Trend for use with adjacency to the nest, Devon rs=0.55,

d.f.=11, P=0.06; East Anglia rs=�0.37, d.f.=11, P=0.24; Oxford rs=0.57, d.f.=11, P=0.06.
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vertical structural complexity necessary to support them
(Purvis and Curry, 1981).
Few studies have compared invertebrate abundance

between arable crops. Carabid beetles are more abun-
dant in barley than in wheat or oilseed rape (Brassica
napus ssp. oleifera) (Knauer and Stachow, 1987), possi-
bly because barley receives fewer pesticide inputs (Tho-
mas et al., 1997). This might explain our non-significant
trend for selection of barley over wheat (also noted in
previous studies: Biber, 1993; Stoate et al., 1998).
Otherwise, the absence of consistent selection of one
arable habitat over another may indicate consistency in
food availability across habitats, even if faunal assem-
blages differ in composition.
Cereal crops provide an additional source of chick

food in the form of partially ripe cereal grain, after the
last week in June (Kyrkos, 1997; Stoate et al., 1998). It
is therefore noteworthy that, in all regions, cereal fields
are not consistently selected over other arable crops.
Previous authors have considered cereal grain a sec-
ondary or sub-optimal food source, only exploited by
buntings when preferred invertebrate prey are unavail-
able, for example in poor weather conditions (Sitters,
1991; Watson, 1992). Prior to the agricultural intensifi-
cation of the latter 20th century, cereal grain was rare or
absent in nestling diet (Collinge, 1924–1927; Eber, 1956;
Bösenberg, 1958). It is possible that grain exploitation
for nestlings may have increased as invertebrate com-
munities on arable land have been diminished by inten-
sification.
The lack of selection of stubbles in all three regions

(Appendix B) is perhaps surprising, given that set-aside
habitats (accounting for most stubbles on our study
sites) support higher densities of invertebrates than

crops (Kennedy, 1992; Moreby and Aebischer, 1992).
Many bird species that feed their chicks on invertebrates
also show positive responses to set-aside in terms of
number and productivity during the breeding season
(Moreby and Aebischer, 1992; Berg and Part, 1994;
Manosa, 1994; Watson and Rae 1997; Wilson et al.,
1997; Henderson et al., 2000). However, there is evi-
dence to suggest that, in summer, invertebrate abun-
dance in set-aside fields is not always consistently higher
than in arable fields (Firbank, 1998; Macdonald et al.,
1998). The common practice of spraying-off most
(rotational) set-aside vegetation with glyphosate (a
broad-spectrum herbicide) after mid-April (regulations
stipulate that all cover must be destroyed by 31st
August) must deprive invertebrate taxa of host plants
and cover during the summer. Indeed, Henderson et al.,
(2000) found the strongest preference for use of set-
aside by birds in summer to be in April–May, before
fields were sprayed off. For the most part, this peak in
use by birds would occur before yellowhammers have
chicks in the nest (3rd week in May onwards on our
study sites).
The effects of individual management practices (e.g.

frequent cutting, reseeding, drainage, increased grazing
pressure, application of pesticides, inorganic fertilisers
and the switch in sowing times) associated with inten-
sive cultivation are summarised in more detail by Vick-
ery et al. (1999) and Wilson et al. (1999). In our study,
the most notable effect of individual management prac-
tice relates to wheat in the Oxford area. ‘Organically’
grown wheat, which receives no agrochemical pesticides
or fertilisers, was used significantly more than conven-
tional wheat (�2=20.35; d.f.=1; P<0.001). Certain
taxa are more numerous, or overall biomass higher and

Fig. 3 (continued).
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more stable, in organic than in conventional cereals
(Dritschillo and Wanner, 1980; Hald and Reddersen,
1990; Moreby et al., 1994; Reddersen, 1997). Differences
are likely to be caused by agrochemical inputs that
reduce, at least temporarily, the abundance of a wide
variety of invertebrate food taxa (Vickerman and Sun-
derland, 1977; Sotherton, 1990; Basedow et al., 1991;
Campbell et al., 1997).

4.3. Food accessibility

The accessibility of food resources to ground-foraging
passerines such as the yellowhammer is poorly under-
stood but may be an important determinant of intake
rates (e.g. Brodmann et al., 1997). Perkins et al. (1999)
suggested that the cutting of grass margins (especially in
summer) improved foraging efficiency and access to
food. Conversely, in uncut highly fertilised leys, swards
are often so dense that access may be limited (Perkins et
al., 2000). The relative accessibility of cereal crops with
sparser ground cover (such as barley, particularly
spring-sown varieties) have been proven to benefit fora-
ging skylarks (Odderskaer et al., 1997) and may have
benefits for a far wider range of bird species (Bucking-
ham et al., 1999). The indirect effects of agrochemical
inputs, which promote denser crop growth (Wilson et
al., 1999), may exacerbate the avoidance of conven-
tional relative to organic wheat crops. This parallels the
inability of skylarks to nest in dense swards (Wilson et
al., 1997). Similarly, Stoate et al. (1998) suggest that the
dense canopy of winter-sown oilseed rape renders it
largely impenetrable to foraging yellowhammers by the
time chicks are in the nest. However, the dense canopy

is unlikely to form a total barrier to entry as the closely
related reed bunting (Emberiza schoeniclus) often nests
in oilseed rape (Gregory and Baillie, 1998). Regional
differences in oilseed use (Table 5) may be due to spring-
sown rape varieties, which give greater access to
resources to early nesting pairs, being grown on some of
the Oxford sites but not in East Anglia.

4.4. Conservation implications

The main conclusion of this study is that use of sev-
eral foraging habitats by yellowhammers during the
breeding season is consistent between regions. In this
species at least, intensive studies positioned in well-con-
sidered locations provide geographically general results.
The conservation implications are therefore more likely
to be valid for lowland farmland over much of Britain.
Our findings reinforce those of other studies (Stoate et

al., 1998; Bradbury et al., 2000), in identifying certain
key habitat and management attributes of lowland
farmland whose presence is likely to affect yellow-
hammer populations in the absence of other constraints.
Although this study does not test explicitly the relative
merits of various land-management prescriptions, we
outline some ameliorating measures that we believe are
consistent with the findings of this study and that, we
suggest, will also benefit other bird species with similar
ecologies.

1. Given that modern intensive grassland, whether
silage or pasture, is generally avoided, the replace-
ment of more favoured habitats, such as fodder
crops, low-intensity pasture and marginal land, by

Table 5

The effect of adjacency of habitat to nest on foraging behaviour of yellowhammersa

Habitat East Anglia Devon Oxford Area

Adj Non-adj Sig. Adj Non-adj Sig. Adj Non-adj Sig.

Rotational stubbles 15 > 39 *** 3 > 32 * 36 > 8 NS

Non-rotational set-aside: natural regeneration 13 > 3 NS 2 > 36 NS Not Present

Permanent pasture 41 > 13 * 10 > 43 NS 110 > 32 NS

Spring-sown cereals 15 > 13 * 2 > 23 NS 3 > 18 *

Winter-sown barley 7 > 43 *** 9 > 31 NS 17 > 21 NS

Winter-sown wheat 22 > 30 *** 1 19 Not tested 79 > 61 *

Man-made features 27 > 45 NS 33 > 25 NS 52 > 81 NS

Oilseeds 6 > 13 NS Not Present 17 > 35 **

Legumes 7 > 31 ** Not Present 13 > 33 NS

Non-rotational set-aside: sown cover Not Present 4 > 18 NS 5 > 15 NS

Grass leys Not Present 26 > 32 NS 24 > 84 NS

a Sample sizes are given in separate columns for adjacent (Adj) and non-adjacent (Non-adj) habitats, along with an indication of the direction of

the relationship. To illustrate, yellowhammer pairs in East Anglia with rotational stubble fields adjacent to the nest had higher relative foraging

densities than those with rotational stubbles not adjacent to the nest (though present within 400 m of the nest). Significance levels from the Mann–

Whitney tests are presented for each test — NS, not significant; *P<0.05; **P<0.01; ***P<0.001. Note: the probability of Type I error is increased
because data from individual pairs have been re-used to calculate differences. Those significant at P<0.005 (Bonferonni corrected value for 11
habitats) are shown in bold.
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artificially fertilised grassland in western and
northern Britain and Ireland (Chamberlain and
Fuller, 1999) may partly explain the range con-
traction of yellowhammers from these areas over
the past 30 years (Gibbons et al., 1993). However,
greater use of low-intensity grassland in Devon (a
habitat preference also noted by Wild (1938) and
Fuller (1982)) suggests that extensification of
management may improve the quality of agri-
cultural grassland for nesting yellowhammers.
Measures likely to improve invertebrate abun-
dance and diversity in grassland include those
suggested by Haggar and Peel (1994), i.e. the sow-
ing of more floristically diverse swards and,
reduction in the frequency of cutting/grazing, her-
bicide, inorganic fertiliser use and re-seeding.

2. The provision of suitable boundary features seems
fundamental to the establishment of high quality
breeding habitat for yellowhammers in both arable
and pastoral systems. Rough grass field margins
with minimal cutting, no herbicide treatment and
sown wild-flower seed mixtures, and which are
wide enough to afford protection from pesticide
drift from neighbouring crops, are known to sup-
port the greatest number and diversity of key food
groups, such as Lepidoptera and Araneae (Feber
et al., 1996; Macdonald et al., 1998), However,
yellowhammers also frequently foraged in a vari-
ety of other boundary structures in this study. As
long as they are protected from excessive cutting
and spray drift, other forms of boundary habitat
that are less demanding on crop space and man-
agement effort, such as ditch sides, the base of
hedgerows and roadside verges provide alter-
natives to rough grass margins.

3. The absence of agrochemical input (i.e. ‘organic’
management) increases the probability that wheat
will be used for foraging. Whether other forms of
low-input cereal management, including targeted
use of narrow-spectrum pesticides rather than
broad-spectrum products and buffer-zones around
cereal field margins (e.g. ‘conservation head-
lands’), are beneficial to breeding yellowhammers
and other species warrants further investigation.

4. Structural diversity in crop cover throughout the
season may constitute beneficial management.
Habitats with sparser vegetation cover during the
breeding season (whether through management
practice or sowing dates), such as barley, appear to
be particularly attractive to yellowhammers.

Such measures would also benefit other declining
farmland birds. For example, Brickle et al. (2000) drew
similar conclusions to this study on habitat selection
and avoidance for corn buntings (Miliaria calandra),
Perkins et al. (2000) highlight the unsuitability of agri-

cultural grassland for foraging granivores in winter, and
Potts (1986) has demonstrated an effect of pesticides on
nestling food resources for the grey partridge (Perdix
perdix). However, implementation of recommendations
based on this study may not, alone, produce an
immediate halt to the precipitous decline in yellow-
hammer populations in lowland UK farmland. The
factors initiating the decline and the issue of whether
population regulation currently operates within the
breeding season remain unresolved.
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Appendix A

Testing for overall variation in habitat use

Model ‘A’ was constructed to derive maximum-likeli-
hood 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, b1 (where the
foraging density coefficient for reference habitat b1=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 ¼

P
i

ðwi�bi2Þ �

P
i

ðwi�biÞ2

P
i

ðwiÞ

2
64

3
75

P
i

ðwiÞ

where bi is the loge foraging density coefficient from
model ‘A’ (described above) for habitat i and wi is either
the total number of observed foraging flights, or the
expected number of foraging flights based on available
area (whichever is the greater), to habitat i from all
nests. Summation �i is across all habitats. The weights
were used to reduce the influence of coefficients for
those habitats which covered a very small area or which
were only present in nests at which few foraging flights
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were observed, or both. The derived (expected) values
were calculated using the formula:

wi ¼
X
n

ai�F

A

	 


where ai is the area of habitat i within a territory, A is
the total area within that territory and F is the total
number of foraging flights made to all habitats from
that nest. Summation �n is across all nests.
Performing a randomisation procedure tested the sta-

tistical significance of V. The labels of the habitats within
each territory were shuffled randomly and model ‘A’ was
fitted to derive V from the randomised 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 derived V score excee-
ded or was equal to the actual V score was obtained.
This value, when divided by 1000, gives the probability
that non-random habitat selection had taken place.

Testing for significant differences in density of use
between pairs of habitats

In pairwise habitat tests, model ‘A’ was used to derive
maximum-likelihood estimates of foraging density
(observed) in one habitat relative to the second habitat,
but only for those nests with both habitats present
within their territory. A randomisation procedure was
then performed to test the statistical significance of the

observed relative foraging density by deriving a rando-
mised 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 relative foraging
density was equal to or exceeded the value for the
observed relative foraging density was obtained. This
value was divided by 1000 to obtain the probability that
foraging density was significantly different between the
two habitats. This procedure was repeated for all pair-
wise combinations of habitats. Habitats were assigned
an approximate ranking score by adding together the
number of times a habitat was significantly selected over
another habitat (+’s) and subtracting the number of
times that habitat was avoided relative to another habi-
tat (�’s). Results of pairwise habitat combinations from
foraging visits, along with the rank scores are given in
Appendix B.

Appendix B

Relative density of foraging visits in all habitat pairs,
with significance of difference from unity determined by
randomisation tests: +, habitat a used more than habi-
tat b at P<0.05; ++ at P<0.01;�, habitat b used
more than habitat a at P<0.05; ��, at P<0.01. The

Table B1
Results for 58 yellowhammer pairs and 13 habitat types in Devon
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number of pairs contributing to each calculation is
given in parentheses. To illustrate, in Table B1 the rela-
tive density of use of habitat 2 relative to 1 was 0.036 and
habitat 1 was used significantly more than habitat 2 at
P<0.01. For calculation of rank scores see Appendix A.
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