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The Yellowhammer Emberiza citrinella population shows a unique trend among British farmland birds,
remaining stable until the late 1980s and then starting a continuing steep decline. The breeding range has
also contracted, especially in the west of Britain. Here, we synthesize results from the literature and recently
completed studies of Yellowhammers on lowland farmland in order to make inferences about possible
causes of the recent Yellowhammer decline and to suggest possible remedial action. Low hedges and
perennial herbaceous field margins are used for nesting and are associated with high territory densities.
Grass fields are avoided in both summer and winter, while cereal fields are increasingly used for foraging
as the summer progresses. Stubbles, cereal-sown game-cover strips and gamebird feed sites are used for
feeding in winter. Loss or degradation of hedges and field margins, loss of stubbles and intensification of
grassland management may have reduced nest-site and food availability for farmland Yellowhammers.
We suggest that the Arable Stewardship Pilot Scheme should benefit Yellowhammers in arable areas, but
suggest that further research is required to identify possible remedial actions in pastoral areas.

In contrast to many other farmland passerines, the British
Yellowhammer Emberiza citrinella population did not start
to decline until the late 1980s. Since then, the Common
Birds Census (CBC) population index for Yellowhammer
has declined rapidly (Siriwardena et al. 1998a: Fig. 1) with
the population at an all-time low since the start of the CBC
scheme in 1961 (Crick et al. 1998). The British range of
Yellowhammer has also contracted (Gibbons et al. 1993),
especially in the west of Britain. Similar declines have been
noted in other western European countries (Hagemeijer
& Blair 1997). As with other farmland bird species, these
declines have coincided with a number of changes in
farming practice (Fuller 2000).

Yellowhammers on British farmland typically build
their nests along field boundaries, either on the ground in
ditches or grassy margins, or in hedges and isolated bushes
(Parkhurst & Lack 1946, Peakall 1960, Kyrkos 1997). British
Yellowhammers are largely sedentary, wintering in the
same general areas occupied in the breeding season (Lack
1986). They therefore require close proximity of winter and
summer resources and are typically associated with
patchy, mosaic habitats (Hagemeijer & Blair 1997). In
common with other bunting species, adult
Yellowhammers are primarily granivorous, feeding on
seeds of a variety of cultivated cereals, wild grasses and
weeds. Nestling diet includes unripe cereal grain but is
dominated by invertebrates (Wilson et al. 1996a).

In a recent study of habitat associations of
Yellowhammers on CBC plots, Kyrkos et al. (1998) found

that Yellowhammer breeding population density increased
with the proportion of the plot growing cereals, crop
diversity and hedge length and was lower in plots
dominated by grass and non-cereal crops. Here, we
investigate habitat associations at a sub-farm scale of
Yellowhammers on lowland farmland, drawing on results
from studies by the Edward Grey Institute (EGI: breeding-
season and winter habitat associations in Oxfordshire:
Wilson et al. 1996b, Kyrkos 1997, Bradbury et al. in press),
and Game Conservancy Trust (GCT: breeding-season and

Figure 1.  Smoothed Mountford index series showing the changes in

abundance of Yellowhammer in Britain since 1968. The upper and

lower lines show the 95% confidence interval derived by bootstrapping.

The confidence intervals give an indication of the significance of the

fluctuations in abundance (based on Fig. 4 in Siriwardena et al. 1998).
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winter habitat associations in Leicestershire: Stoate &
Szczur 1997, Stoate et al. 1998, Stoate 1999). Other aspects
of Yellowhammer ecology on lowland farmland are
addressed in the above publications. The results of these
studies are then compared with the existing literature.

The aims of this review are twofold. Firstly, we aim to
identify how agricultural land-use and non-crop habitat
structure influence territory distribution, habitat use of
birds feeding young and winter distribution of
Yellowhammers. Secondly, by identifying the habitats
associated with high Yellowhammer densities, we assess
which changes in agricultural land use may have caused
the Yellowhammer decline and make recommendations
for management that may help to halt or reverse it.

STUDY AREAS

The GCT study was carried out at the Loddington Estate
in Leicestershire (mixed farming regime). The EGI study
was carried out at four organic and six intensively
managed mixed farms near Oxford (�Oxon�). Details of
farm-management practice and cropping patterns at all
sites are given elsewhere (Wilson et al. 1996b, Stoate et al.
1998, Bradbury et al. in press).

METHODS

Breeding-season habitat associations and
nest-site selection

In the GCT study, territories of breeding Yellowhammers
were mapped and territory density estimated using CBC
methods (Marchant et al. 1990) in three years (1992, 1993,

1995). In addition, various parameters of boundary
structure were recorded (number of trees, hedge height,
hedge width, depth of ditch, height of herbaceous
vegetation, field margin width) and logistic regression used
to analyse presence or absence of Yellowhammer territories
on a boundary with respect to these parameters (Stoate
1999). In 1995, territorial male Yellowhammers were also
censused on the Loddington Estate and surrounding
farmland using line-transects radiating from the centre of
the estate (Stoate et al. 1998, Stoate 1999). Territory density
estimates were calculated using distance sampling
methods (using the program DISTANCE; Buckland et al.
1993) and compared between the estate and the
surrounding farmland.

In the EGI study, territories of breeding Yellowhammers
were mapped and territory density estimated using CBC
methods in 1994-97. The protocol for habitat description
was based on that in Chamberlain et al. (1999) and is given
in Bradbury et al. (in press). Associations of variation in
population density were investigated by log-linear
regression, with number of territories per boundary section
as the response variable and controlling for the length of
the boundary section (where the count of territories
included all those that lay, at least in part, on that boundary
section). The full list of explanatory variables tested is given
in Table 1 (taken from Bradbury et al. in press). Hedge
dimensions were not considered in this analysis. Minimum
adequate models for each year were found by backward
deletion from a full model until only variables which
predicted territory number at P < 0.05 were retained in
the model. Variables which appeared consistently in
models for different years and which remained significant
when the factor �farm identity� was forced into the
minimum adequate model (to account for spatial

Table 1. List of 22 habitat parameters recorded and used as explanatory variables in models of Yellowhammer territory density in the EGI study

(taken from Bradbury et al. in press).

Predictor Specification

Continuous variables

Length of boundary Measured in m

Number of intersections

Total woody plant species

Total number of live trees

Total number of dead trees

Maximum width of field margin Tilled fields only

Total number of gaps > 2 m wide Hedgerows only

Categorical factors

Farming regime 1 = organic, 2 = intensive

Aspect 1 = north/south, 2 = east/west

Hedge, fence, tree-line, ditch, wood-edge, farm-track, road 0 = absent, 1 = present for each variable

Woody species in boundary For every species: 1 = absent, 2 = rare, 3 = uncommon, 4 = common,

5 = abundant

Adjacent land use For every crop/land-use category: 0 = absent, 1 = present



Ecology and Conservation of Lowland Farmland Birds  –  167

© British Ornithologists’ Union

autocorrelation effects) were considered most robust (see
Bradbury et al. in press). Statistical analyses were
undertaken in GLIM release 4 (NAG 1993).

We also analysed territory density over the whole farm
with respect to the proportion of the farm under cereal or
grass. This was also achieved using Poisson log-linear
regression, with territory density as the dependent
variable. This was done for Loddington in 1995 and the
Oxon farms. For the latter, we used the mean territory
density and proportion of land under cereal and grass in
different years.

In both the GCT and the EGI studies, nests were located
by systematic searching of the focal area of each pair�s
activity (Stoate et al. 1998, Bradbury et al. in press).

Breeding-season foraging habitat selection

Foraging observations were made on adults feeding young
at 40 nests at Loddington, as described in Stoate et al.
(1998). Compositional analysis (which accounts for the fact
that proportional use or availability of different habitats
are not linearly independent of other habitats; Aitchison
1986) was used to rank habitats by the number of foraging
visits to each habitat relative to the area of that habitat
available (Stoate et al. 1998).

Winter foraging habitat selection

In the GCT study, 60 ha of the farm were surveyed
14 times during winter 1996-7. The number of
Yellowhammers in each habitat was recorded and

compositional analysis used to rank habitats in order of
their use relative to available area (Stoate & Szczur 1997).

In the EGI study, Yellowhammer counts were carried
out during winter 1994-5 on all fields at five of the Oxon
farms. Resampling procedures were used to test whether
the number of birds found on each field type differed from
that expected if birds were distributed at random (Wilson
et al. 1996b).

RESULTS

Breeding-season territory density and
habitat associations

In the GCT study, the territory density of breeding
Yellowhammers on the Loddington Estate, estimated by
CBC methods, varied between 16.4 km-2 in 1992 and 18.8
km-2 in 1995. In 1995, the territory density estimated from
line transects was also 18.8 km-2 on the estate (95%
confidence limits, 11.9-29.5), more than twice that in the
surrounding farmland (8.6 km-2, 95% cl, 0.6-11.8). Presence
or absence of Yellowhammers on a field boundary was
negatively associated with hedge height (partial regression
coefficient -0.132, P < 0.05), and positively associated with
ditch depth and herb height (partial regression coefficients
0.352, P < 0.001 and 0.236, P < 0.01 respectively; Stoate
1999). No other field boundary parameters had a
significant effect on territory presence.

In the EGI study, territory density across all sites and
years ranged from 7 to 29 km-2, with a mean of 16.6 km-2.
Few explanatory variables showed robust associations (as

Table 2. Significant predictors of Yellowhammer territory density in the EGI study. Predictors retained at P < 0.05 in the Minimum Adequate

Model (MAM) for each year are presented. ‘+’ or ‘-’ refers to the direction of the relationship between the predictor and Yellowhammer

territory density. * denotes that the predictor remained significant at P < 0.05 on inclusion of the factor ‘farm’ in the MAM. ‘Hedge’ and

‘Treeline’ were strongly intercorrelated, and so alternative MAMs were developed, containing ‘hedge’ or ‘treeline’ in turn. Predictors

which significantly influenced density in either alternative are included in the table. ‘+’ for farming regime in 1996 signifies that, in the

MAM, organic farms held higher densities than intensive farms (taken from Bradbury et al. in press).

1994 1995 1996 1997
_________________________________________________________________________________________________________________________________________________________________________________________________________________________

Hedge presence +* +* +

Treeline presence –

Ditch presence +* +*

Road adjacent – –

Width of margin +* + +* +

Pasture adjacent –* –* –*

Silage ley adjacent –* – –

Set-aside adjacent + +*

Winter rape adjacent +

Beans adjacent –

Farmyard adjacent –* +

Gardens adjacent –*

Farming regime +

Residual deviance/residual d.f. 1.00 1.29 1.43 0.85
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defined above) with territory density at the level of the
boundary section. The most robust were hedge presence,
ditch presence, width of field margin, and presence of set-
aside (positive relationships) and silage presence and
pasture presence (negative relationships; Table 2).

In the analysis of territory density at the whole farm
level, the proportion of the farm under cereal had a
positive, though not quite significant, effect on territory
density (∆D1 = 3.647, n = 10, P < 0.1) and the proportion of
the farm under grass had a significant negative effect on
territory density (∆D1 = 6.553, n = 10, P < 0.01).

Nest-site selection

In the GCT study, 62% of nests were in herbaceous field
margin vegetation, the remainder in the hedge itself. Mean
nest height above ground increased through the season
(May 0.27±0.06 m, June 0.47±0.06 m, July 0.64±0.06 m,
August 0.84±0.22 m; F3,213 = 5.44, P < 0.001).

In the EGI study, 99% of nests were either in herbaceous
vegetation on ditch-banks or in hedges. Again, nest height
increased through the season (April 0.00±0.00 m, May
0.23±0.03 m, June 0.50±0.03 m, July 0.71±0.04 m, August
1.30±0.12 m; F4,442 = 39.23, P < 0.001), reflecting a seasonal
shift in nesting location, from ditches to hedges.

Breeding-season foraging patterns

In the GCT study, birds feeding young did not forage at
random (Wilk�s lambda, Λ = 0.093, F5,22 = 43.12, P < 0.001).
Habitat use in the early season differed from that in the
late season (Λ = 0.087, F5,7 = 14.66, P = 0.001) and there was
non-random habitat use within both periods (early:
Λ = 0.121, F5,7 = 10.13, P = 0.004; late: Λ = 0.154, F5,7 = 8.80,
P = 0.004). The ranking of habitat choice was as follows
(where field boundary includes both hedgerows and
field margins):

2-20 June

rape/beans > tracks/set-aside > barley >> field boundary
> pasture/woodland > wheat

21 June-6 July

barley > wheat > field boundary > rape/beans > tracks/
set-aside > pasture/woodland

Winter foraging

In the GCT study, oilseed rape and cereal crops were
avoided. Crops were used selectively in both the early
winter period (Λ < 0.001, F5,2 = 3347.05, P < 0.001) and the
late winter period (Λ < 0.001, F5,2 = 1958.83, P = 0.001).
Cereal-based �Wild Bird Cover�, planted with wheat and
triticale, was used significantly more than other habitats
in the early winter period and gamebird feed sites were

used most in the late period. The ranking of habitats at
Loddington was:

November/December 1996
cereal game-cover >> feed site > kale game-cover > field
boundary >> oilseed rape > cereal

February/March 1997
feed site >> field boundary > kale game-cover > cereal
game-cover >> oilseed rape > cereal

In the EGI study, Yellowhammers used crops selectively
in winter (Fig. 2). Grazed grass was used significantly less
than expected, while ungrazed grass, bare till and broad-
leaved crops were used slightly less than expected.
Intensive winter cereal fields were used significantly less
than expected, while organic winter cereal fields were used
according to prediction. Only stubble was used
significantly more than expected.

DISCUSSION

Boundaries and herbaceous field margins

Yellowhammers require a vertical component in their
territories (Andrew 1956), using hedges as singing posts,
as perches for vigilance behaviour and as cover from
predators (Biber 1993a). Hedges are a favoured nesting
location (Parkhurst & Lack 1946, Peakall 1960, Stoate et al.
1998, Bradbury et al. in press). They also support high
densities of invertebrate groups such as Araneae,
Coleoptera and Lepidoptera larvae (Dover 1991, Dennis

Figure 2.  Proportion of the total number of Yellowhammers seen (black

bars) on seven field types during winter in Oxfordshire and expected

(shaded bars) proportions (± 95% confidence intervals) if counts were

distributed randomly with respect to the available area of each field

type (from Wilson et al. 1996b). An observed value greater than the

upper confidence limit of the expected value demonstrates significant

selection of a habitat, while an observed value lower than the lower

confidence limit of the expected value demonstrates significant

avoidance of a habitat.
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et al. 1994, Lille 1996), which are prevalent in
Yellowhammer nestling diet (Stoate et al. 1998). This may
be why boundaries are often strongly selected for foraging
by birds feeding young (Andrew 1956), although this is
not always the case (Stoate et al. 1998). Most breeding
territories are linear, closely following hedges (Andrew
1956). As well as the EGI study discussed here, a strong
positive association between Yellowhammer territory
density and hedges has been shown in many studies, at
different spatial scales (e.g. Morgan & O�Connor 1980,
Macdonald & Johnson 1995, Kyrkos et al. 1998), with
selection of wider hedges with more trees and a greater
woody plant species richness (Green et al. 1994, Parish et
al. 1994). The negative impact of hedge height at
Loddington suggests that increasing hedge height should
not be viewed as a desirable management option (cf.
Andrews & Rebane 1994).

The other favoured nest site for Yellowhammers is on
the ground, either in vegetated ditches or herbaceous field
margins (Parkhurst & Lack 1946, Peakall 1960, Stoate et al.
1998, Bradbury et al. in press). Both presence of ditches
and the width of the field margin can be positively
associated with territory density (Parish et al. 1994, Stoate
1999, Bradbury et al. in press). While it is difficult to assess
variation in territory density between Loddington and
Oxon (because of the effects of unmeasured landscape
variables), it may be that the loss of field boundary
vegetation on the farms surrounding Loddington (as a
result of ploughing, spraying or grazing right up to the
hedge base; Watt & Buckley 1994) is responsible for the
higher breeding densities at Loddington than in the
surrounding farmland (Stoate et al. 1998). Margins that
have minimal cutting, no herbicide treatment and are wide
enough to buffer against pesticide drift hold a high number
and diversity of invertebrate groups such as Lepidoptera
and Araneae (Macdonald et al. 1998). Hence, as well as
providing nest sites, field margins are often selected for
foraging (Biber 1993b, Lille 1996), though not always
(Stoate et al. 1998).

Grass fields

Territory densities were lower on boundaries next to silage
leys or pasture (Bradbury et al. in press) and, at a landscape
scale, decreased with increasing proportions of the farm
given over to grass. Kyrkos et al. (1998) also found
that Yellowhammer territory density on CBC plots
was negatively associated with the amount of the plot
under grassland.

The avoidance of grassland during territory selection
may be related to a lack of resources available in grassland.
Pasture was the habitat most strongly avoided by
Yellowhammers feeding young at Loddington (Stoate et
al. 1998). In winter, too, pasture and leys were avoided

(Wilson et al. 1996b, Stoate & Szczur 1997). In the past,
unimproved grassland was selected by Yellowhammers
(Wild 1938, Williamson 1968). However, grassland
�improvement� by re-seeding, drainage and fertilisation
has reduced both weed and invertebrate diversity within
grassland swards (Haggar & Peel 1994). High pesticide
inputs and repeated cutting or grazing also greatly reduce
the availability of potential food resources, such as
Orthoptera, Diptera, Hymenoptera and Coleoptera (Curry
1994, Haggar & Peel 1994). As well as having reduced food
abundance, highly fertilised grass leys with tall, dense
swards are impenetrable to ground-feeding
Yellowhammers, reducing access to any resources that are
present (Biber 1993b, Lille 1996, Perkins et al. 2000).

Cereals

In the EGI study, no significant influence of cereal presence
was found on territory density at the boundary scale
(Bradbury et al. in press). At the landscape scale, there was
a non-significant trend for territory density to be positively
associated with the proportion of the farm under cereal.
Kyrkos et al. (1998) also found that Yellowhammer territory
density on CBC plots was positively correlated with the
amount of plot under arable cultivation, with densities very
low on plots with under 10% of the total area under cereal
cultivation. Yellowhammer densities have also been shown
to be positively associated with cereals in other studies
(e.g. Prys-Jones 1977, Morgan & O�Connor 1980, Biber
1993c, Petersen 1994).

This association with cereals may be, at least in part,
due to use of the crop as a food resource. Cereal grain is
used for food by adults for most of the year (Biber 1993b,
Kyrkos 1997, Stoate et al. 1998) and forms a major part of
the nestling diet later in the summer (Kyrkos 1997, Stoate
et al. 1998). Accordingly, in the GCT study, the timing of
use of barley and wheat reflected the availability of semi-
ripe grain (Stoate et al. 1998). Earlier in the breeding season
and during the preceding winter, before grain is available,
cereal fields are avoided as foraging habitats (Wilson et al.
1996b, Stoate et al. 1998).

Variation in use of different cereals might suggest use
of food resources in these crops other than cereal grain.
Organic wheat was used more than intensive wheat in
Oxon in winter (Wilson et al. 1996b), according with the
observation that pesticide application may limit
invertebrate availability (e.g. Basedow et al. 1991,
Reddersen 1997, but see Moreby et al. 1994). It is also
possible that, as well as food abundance, the sparser sward
structure of organic wheat may improve access to
resources and make this crop more attractive for foraging
(Wilson et al. 1997). The importance of sward structure in
determining access to resources has also been noted for
Skylarks Alauda arvensis by Odderskær et al. (1997).
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However, if this is the case, it is odd that there is not a
more pronounced preference for spring crops, which may
also have sparser sward structure.

Stubble and set-aside

At the landscape scale, breeding Yellowhammers are
associated with landscapes that contain stubbles (arable
and mixed) and not those where stubbles are absent
(pastoral; Kyrkos et al. 1998). At the scale of the field
boundary, higher territory densities were weakly
positively associated with set-aside in Oxon (Bradbury et

al. in press) and set-aside was selected for foraging by birds
feeding young at Loddington (Stoate et al. 1998). The more
obvious relationships with stubble come in winter, with
stubble being the most preferred winter-feeding habitat
in Oxon (Wilson et al. 1996b), echoing the results of other
studies (Härdi 1989, Biber 1993a, Wilson et al. 1995).
Stubble can be a rich source of spilt crop product (cereal
grain or oilseeds), grass seeds and a wide variety of weed
seeds. Loss of winter stubbles (in the switch to autumn
sowing) and livestock feed sites have been suggested as
possible general causes of the declines in farmland birds
(Donald & Evans 1994, Evans & Smith 1994).

CONCLUSIONS

Prescriptions and further research
requirements

Loss and degradation of hedges and loss of herbaceous
field margin habitat has been marked in recent decades
(Barr et al. 1992, Boatman et al. 1992, Watt & Buckley 1994).
Such losses may have influenced availability of both nest-
sites and chick-food for Yellowhammers, especially early
in the breeding season before cereal grain becomes
available. A cereal component in the landscape seems very
important for Yellowhammers, providing a crucial
late summer food resource, while Yellowhammers
show a striking avoidance of modern grass fields
throughout the year.

Yellowhammers should benefit from the retention of
stubbles through spring. Weed-rich stubbles are rarer and
bird-proofing of grain stores more common in the
farmland environment than in the past (Evans 1997a). In
the absence of these resources, Yellowhammers are very
dependent on �artificial� food sites (e.g. game-cover or
gamebird feed sites), as are Corn Buntings Miliaria calandra
and other granivorous passerines (Brickle 1997). Analyses
of national ring recoveries (Siriwardena et al. 1998b) show
that Yellowhammer annual survival rates dropped in the
late 1980s, exactly the time at which the population began
to fall. It is possible that loss of winter food and consequent

reductions in survival may have contributed significantly
to the decline of the Yellowhammer. However, that this
has happened at a time when set-aside may be expected
to have reversed the situation (Evans 1997a) is anomalous
and merits further investigation.

While we still do not know exactly which mechanism
has caused the Yellowhammer�s decline, or its unique
timing, we can suggest actions that, if taken together,
should help to halt this trend. This situation has many
parallels with the case of the Yellowhammer�s close
relative, the Cirl Bunting Emberiza cirlus. Here, a
combination of provision of stubbles and rough grass for
invertebrates via the Countryside Stewardship Scheme
seems to have been beneficial for this species (Evans 1997b).
For the Yellowhammer, provision of winter stubbles and
wide uncultivated herbaceous field margins via the Arable
Stewardship Pilot Scheme should be beneficial, whichever
vital rate is currently limiting Yellowhammers. However,
given that the range contractions of this species and others
have been most pronounced in pasture-dominated areas
of Britain (Gibbons et al. 1993), research is needed to
determine whether, where there is no significant arable
component to the landscape, breeding densities of buntings
would respond to extensification of grassland management
and the setting-aside of ungrazed or unharvested margins
around pastures and silage leys.
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