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The Chaffinch Fringilla coelebs is common and
widespread in Europe, with approximately 5.4
million breeding pairs in Britain (Gibbons et al.
1993, Cramp & Perrins 1994, Hagemeijer &
Blair 1997). Chaffinches occupy a variety of

habitats, including woodland, scrub, farmland,
parks and gardens (Cramp & Perrins 1994), but
they are usually at lower densities in farmland
than in woodland (Hudson & Marchant 1984,
Gibbons et al. 1993, Cramp & Perrins 1994).
However, because more than 70% of Britain is
covered by farmland (Anon. 1994), well over
50% of the British Chaffinch population breeds
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Numbers of many bird species which breed on farmland, and are reliant on
cropped land for feeding or nesting, declined between the 1960s and 1990s. In
contrast, Chaffinch Fringilla coelebs numbers increased on farmland over the
same period. This study investigates the influence of both cropped and non-
cropped land on Chaffinches foraging for nestlings, nestling survival and
territory density. The study was carried out on nine mixed lowland farms in
south central England in 1996 and 1997. Chaffinches made little use of cropped
areas when foraging for young (less than 9% of foraging visits, despite cropped
areas covering 93% of study areas). Instead, trees and bushes influenced 
foraging patterns and breeding success. Extensive use was made of trees and
bushes by adults searching for food for nestlings (75% of foraging visits were
to hedges and trees within boundaries or fields, despite these areas covering
<3% of study areas). Oaks (69% of visits) and Willows (15% of visits) were
found to be the most favoured species of tree for foraging. In one year of the
study, chick starvation was less frequent in nests located on field boundaries
with Oak trees than in nests on boundaries without Oaks. Successful nests also
tended to be closer to Oak or Willow trees than those where nestlings starved.
Territory density was not related to hedgerow structure, presence or absence of
Oaks and Willows in field boundaries, or adjacent cropping. Our findings on
nest survival were supported by analysis of British Trust for Ornithology nest
record data which revealed that nests associated with trees had better brood 
survival rates than sites not located close to trees. The use of trees and shrubs
for feeding and nesting in the farming landscape and the ability to utilize
unkempt hedgerows may have contributed to the ability of Chaffinches to 
persist on farmland despite wide-scale agricultural change in recent decades.
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there (Marchant et al. 1990). Most studies of
Chaffinch ecology have been conducted on
woodland populations (e.g. Hanski 1992,
Hanski et al. 1992, Smith et al. 1992, Hanski &
Laurila 1993, Haila et al. 1996), and there are
few data on Chaffinches breeding on farmland.
Previous studies have reported a positive 
association between Chaffinch densities and
tree densities in hedgerows (Osborne 1984,
Green et al. 1994, Macdonald & Johnson 1995).
In addition, Chaffinch breeding success has
been found to be positively related to scrub
cover (Møller 1991), and occupancy of wood-
land blocks is positively correlated to the size of
these blocks (Hinsley et al. 1995).

Reductions in distribution and abundance
have been reported for many bird species on
farmland, both in Britain and in Europe, within
the last 20–30 years (Tucker & Heath 1994,
Fuller et al. 1995, Siriwardena et al. 1998).
Declines in invertebrate and weed-seed food
resources caused by agricultural change 
and increases in populations of predators of
farmland birds mirror these bird declines
(Campbell et al. 1997, Donald 1998, Thomson et
al. 1998, Wilson et al. 1999). Increases in avian
predators have been found not to correlate 
with population changes within over 200 
individual sites across Britain of many farm-
land passerines (Thomson et al. 1998), though
predators have been shown to limit Grey
Partridge Perdix perdix populations (Tapper et
al. 1996). In contrast, changes to agricultural
practice have been shown to affect the popula-
tions of several well-studied species (e.g. Potts
1986, Stowe et al. 1993, Wilson et al. 1997).
Overall, the weight of correlative evidence for 
a causal link between changes in farming 
practice and bird declines is sufficient for it 
to be widely regarded as the most plausible
explanation (Newton 1998, Krebs et al. 1999).

The Chaffinch is an exception to this general-
ity in that both its farmland and woodland
breeding populations have increased over the
same period (Fuller et al. 1995, Siriwardena et
al. 1998). Here we test the hypothesis that 
this resilience may be explained by the species’
patterns of habitat use within the farmland
landscape. First, we quantify foraging habitat
selection of Chaffinches on farmland and 
compare it with similar data available for
declining granivorous species. Secondly, we
investigate survival of Chaffinch broods with

respect to adjacent cropped and non-cropped
land on our study sites and validate our results
across lowland farmland in England using
British Trust for Ornithology (BTO) nest record
data. Thirdly, we investigate the influence of
favoured foraging habitats and boundary
structure on territory density.

METHODS

Study sites

The study was carried out during April–July 
in 1996 and 1997 at nine lowland farms 
in Oxfordshire, Wiltshire and Warwickshire,
UK. The ratio of grassland to arable land 
was approximately 50:50 across all farms, 
with fields bounded by hedgerows, tree-lines, 
ditches or woodland edge. Land-use consisted
of a combination of arable crops, some of which
were not present on all farms (autumn- and
spring-sown Wheat Triticum and Barley
Hordeum and autumn-sown Oats Avena,
legumes, Maize Zea mays, Oilseed Rape Brassica
napus ssp. oleifera, Kale Brassica oleracea and
Linseed Linum usitatissimum), hay and silage
for winter forage, and pasture grazed by 
cattle, sheep and horses. Land set-aside from
production was present either as a ‘green
cover’ of weeds and crop volunteers, regen-
erating naturally from the stubble of the
previous crop, or as a sown mixture of grass
and clover. Areas of each study farm are given
in Table 1.

Habitat recording

Descriptions of habitats were based on the pro-
tocol of Chamberlain et al. (1999). The list of
habitat variables used in later nest success
analyses is given in Table 2. In addition to these
variables, the proportion of the study area 
adjacent to blocks of woodland larger than 5 ha
was estimated from Ordnance Survey maps
using a romer card, a clear plastic sheet which
can be overlaid onto maps to calculate areas
(Table 1). The proportions of each habitat on
each farm, including cropped areas, arboreal
features, field margins and ‘human-related’
features (see Tables 1 & 3) were measured using
GIS (Geographical Information System, ARCIN-
FO) after inputting the data using a digitizing
pad (A3 Drawing Slate, CalComp, Reading,
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UK). The length of each field boundary section
was measured from 1:25 000 maps. Boundary
recording units were defined as any contiguous
length of field boundary between points of
intersection with other field boundaries. If 
the nature of the boundary changed abruptly
between intersections, it was further sub-
divided into separate recording units.
Boundaries were largely unaltered during the
course of the study, apart from the removal of a
few dead trees and periodic autumn hedge
trimming, resulting in only small variations in
height.

Nest recording

Once territorial pairs had been located,
Chaffinch nests were found by systematic
searching of hedgerows, scrub and small trees
in the focal area of each pair’s activity. No
attempt was made to search for nests high in
trees. Nests were discovered at nest building,
incubation and brood-rearing stages and were
visited at three-day intervals to record first-egg
date, clutch size, date of hatching and number
of nestlings hatched and fledged. For nests
which failed, the date and, where possible, the
cause of failure were recorded (e.g. starvation,
predation, nest collapse). The date of failure
was estimated as the mid-point between the
date when the nest was last known to be active
and the date on which it was found to have
failed (Mayfield 1975). When nestling age 

was not known precisely from observation of
hatching, it was estimated by comparing the
degree of feather development of the largest
nestling with known-age broods. Age estimates
allowed back-calculation of first-egg date for
the nest (if not known), assuming a 13-day
incubation period and a clutch completion
period of two to four days, depending on
clutch size (Newton 1964, Cramp & Perrins
1994).

Foraging watches

Foraging watches began once the chicks
reached four days old and continued oppor-
tunistically until they dispersed from the nest,
usually about 14 days after hatching (Newton
1964). Watches, each lasting an hour from the
first recorded foraging bout, were undertaken
by observation of the nest site from a concealed
location and were not carried out during 
periods of wet weather with persistent heavy
rain. During each watch all foraging activities
by both adults were noted. These included the
habitat visited and, where possible, an estimate
of the distance from the nest to the foraging
location. On occasions when birds were
observed visiting more than one habitat cate-
gory on a feeding flight (<1% of occasions), the
last to be visited before the bird returned to the
nest was recorded as the ‘habitat visited’. Data
from 100 nests were used but were pooled
before analysis because for most nests too 

Table 1. Density of Chaffinch territories on nine study farms.

Density Density Proportion % boundary
No. of No. of No. of per 100 m per 100m of farm adjacent to

Study Area boundary territories territories of boundary of boundary study area woodland
farm (ha) sections in 1996 in 1997 1996* 1997* wooded (%) blocks (>5ha)†

1 242.4 64 55 44 0.452 0.362 2 15
2 180.3 19 31 33 0.277 0.363 2 25
3 69.6 18 16 21 0.623 0.663 2 5
4 196.6 44 38 36 0.322 0.305 0 5
5 135.3 47 29 29 0.355 0.355 4 50
6 104.1 50 46 32 0.350 0.243 1 5
7 56.8 44 32 29 0.364 0.329 1 5
8 88.3 33 29 36 0.359 0.445 0 0
9 182.4 40 No data 36 No data 0.361 0 0

collected collected

*Based on numbers of territories on each farm divided by the total length of boundary on that farm.
† Estimated to the nearest 5%.



few foraging visits were observed to permit
analysis at the individual nest level (50% of 
visits with ten or fewer records, mean number
of foraging records per nest = 12.3, 95% CL
10.7–13.9).

Foraging visits were compared with the 
habitat available in two ways (Fig. 1, Table 3).
First, available habitat was considered to be the
total area of each habitat on all study farm
areas, and some additional land adjacent to 
the borders of our sites. The additional land
comprised a zone 100 m in width that extended
beyond the edge of fields and included bor-
dering woodland or gardens. We included
these habitats as available because some pairs
near the edge of our study farm sites could
have accessed these areas. The limit of 100 m
was used because 80% of feeding flights by
adults searching for food for young were 100 m
or less from the nest [mean distance flown =

68.0 m ± 3.10 (±1 se), n = 730]. Secondly, the
habitat available within 100 m of cover
(hedgerows, isolated trees and woodland) on
all study farms was summed to give propor-
tions of available areas. We used this second
measure because it could be argued that parts
of the cropped habitats were not available to
the Chaffinches making feeding trips for their
young because they were too far from cover.
Habitats were pooled into the following 
categories for analysis: woods; hedges (including
isolated bush in boundary); trees (in hedgerows
or in fields); field margins (grass margin, ditch
and grass tracks); cropped land; human features
(farm building, garden, road, pheasant feeders,
straw bales).

In 1997 we investigated the use of the most
frequently visited habitat – trees – in greater
detail by noting, wherever possible, the species
of tree selected for foraging.
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Table 2. Variables used in starvation models.

Variable (V) or
Factor (F + 

number of levels 
Variable in parentheses) Definition

Farm F (9) Dummy factor assigned for each of 9 farms
Year F (2) Dummy factor assigned for each of 2 years
Boundary type F (5) Boundary characteristics classified as: isolated bush, small narrow hedge 

(<4 m high, <2 m wide), small wide hedge (height <4 m, width ≥2 m), tall 
hedge (height ≥4 m) or treeline.

Adjacent fields F(7) *Dummy factor assigned for 7 combinations of adjacent fields: grass/grass = 1;
cereal/cereal = 2; non-cereal/non-cereal = 3; grass/cereal = 4; grass/non-
cereal = 5; cereal/non-cereal = 6; no adjacent fields of these types = 7

Oak trees F (2) Oak trees either absent from boundary (1) or present (2)
Willow trees F (2) Willow trees either absent from boundary (1) or present (2)
Trees in boundary V Number of live trees, >5 m in height, in boundary divided by boundary length
Woody plant V Number of species of woody plants, excluding trees >5 m in height, in 

species richness boundary divided by boundary length
Junctions V Number of intersections with other boundaries divided by boundary length
Distance from wood V Distance from nearest section of woodland as indicated on Ordnance Survey 

1:25 000 maps. Small copses at the corners of fields were included.
Nest height V Height of nest from ground
Concealment of V Distance of nest from outer edge of hedge

nest – horizontal
Concealment of V Distance of nest from top of hedge

nest – vertical
Vegetation type used F (4) Boundary characteristics classified as: Hawthorn, Blackthorn, Elder, 

for nest Others.
Lay date V Date first egg was laid. 1 = 1 April.
No. of chicks in brood V Number of chicks which hatched in a brood

*Non-cereal crops included beans, linseed, maize, peas and rape.



BTO nest record data

We used data from the BTO’s Nest Record
Scheme (NRS) to investigate differences in
reproductive success between Chaffinch nests
on farmland with and without trees nearby
(this factor was chosen because it was found to
have a significant effect on brood survival in
the field study – see Results section). Full
details of the NRS are given by Crick & Baillie
(1996). Volunteer observers submit nest record
cards (NRCs) from a range of habitats across
Britain, each NRC describing a single nesting
attempt in terms of its fate and nest contents
(eggs or chicks) on each of two or more visits 
to the nest. Data on a range of reproductive
parameters, including daily nest failure rates,
clutch and brood sizes and first-egg dates, can
then be extracted from nest records, while the
habitat and location information recorded by
observers allows associations with these factors
to be made at the level of individual NRCs.

We extracted Chaffinch nest record data from
a predominantly lowland region of Britain
(south of the northern borders of Cheshire and
Lincolnshire and east of the western borders of
Cheshire, Avon and Dorset, but excluding
Somerset) for 1990 to 1995. Nest record habitat
data (Crick 1992) were then used, first to select
only cards which had come from farmland
(first or second habitat level reported by the
observer as farmland; Crick 1992), and secondly
to characterize the habitat around the nest as
with or without trees. NRCs were assigned to
the category ‘with trees’ either if the farmland

habitat reported included explicit mention of
trees, i.e. ‘orchard’, ‘hedgerow with trees’, ‘tree-
line without hedge’ or ‘isolated group of trees’,
or if any non-farmland habitats reported were
‘woodland’ or ‘scrubland’. All other farmland
NRCs were classified as ‘without trees’. Mean
brood sizes and daily nest failure rates during
the nestling period were then estimated for
each of the two habitat categories (see data
analyses section).

Bird surveys

Chaffinches were censused twice per month
from April to June, using Common Birds
Census methods (Marchant et al. 1990). Counts
were made between 07:00 and 13:00 hours
GMT, but not in wet or windy (>Force 4 on the
Beaufort scale) weather. It is more difficult to
see and hear birds in wet or windy conditions
and fewer birds vocalize when it is raining. The
locations of all individuals were recorded and
records from all censuses within a year were
collated. Clustering of records was used to
resolve the approximate position of territories.
Three independent workers resolved the 
locations of Chaffinch territories using the CBC
maps at the end of each field season following
Marchant et al. (1990). When territories over-
lapped several field boundaries each one was
coded as having a territory. The mean number
of territories per boundary found by the three
workers (to the nearest whole integer) was
used to determine the number of breeding 
territories on each field boundary.
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Table 3. Habitat selection by adult Chaffinches foraging for young.

No. of Availability within Availability across No. of pairs
foraging 100 m of all study farms visiting habitat

Habitat flights* cover (%) (%) at least once

Wood 88 (7.8) 1.6 1.39 22
Hedge 367 (32.7) 1.9 1.72 67
Tree 515 (45.9) 0.9 0.86 75
Field margin 18 (1.6) 0.2 0.17 8
Crop 100 (8.9) 92.1 93.0 17
Human features 35 (3.1) 3.3 2.9 9
Total 1123 100% 100% (100 pairs

sampled)

Twenty visits were to either hedges or trees and are excluded from this table and in the calculations in Fig. 1.
*Percentage in parentheses.
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Data analyses

Foraging habitat selection by Chaffinches was
initially measured using the Jacob’s Preference
Index.a We used bootstrapping to generate
probability values of habitat selection or avoid-
ance (e.g. Wilson et al. 1996b, Gregory & Baillie
1998).a

We investigated the effect of various environ-
mental predictors (see Table 2) on brood
survival in two ways. The first compared
broods that had suffered a starvation event
with fledged broods that had not. Starvation
was assumed when one or more chicks, but 
not the whole brood, disappeared from the 
nest or when the whole brood was found 
emaciated or dead around the nest with no
signs of predation (e.g. puncture wounds). 
The second compared brood failure (either
starved, abandoned or predated) with fledged
broods. This second model allowed a direct
comparison to be made with BTO nest record
data.

We modelled the effect of habitat variables
on daily nest failure rates of both field data and
BTO nest record data using logistic regression.b

The brood sizes measured by BTO farmland
nest records were compared between nests
associated with trees and those not associated
with trees using analysis of variance. Modelling
of the field data was carried out in GLIM 4.0
(NAG 1993) and that of the nest record data in

the GENMOD procedure of SAS (SAS Institute,
Inc. 1996).

RESULTS

Foraging behaviour

In total, 1143 flights by adults collecting food
for young were recorded (n = 100 broods).
Arboreal features (hedges, trees and woods)
were all highly selected by foraging Chaffinches
when compared with their availability within
100 m of cover on all farms (Fig. 1, Table 3). All
pairs visited arboreal features (woods, hedges
or trees) at least once; the lowest proportion of
visits (7%) was greater than the area of this
habitat available. Field margins were also 
significantly selected though many fewer visits
were recorded to this habitat. Despite cropped
areas representing 93% of the study area, fewer
than 9% of all feeding flights were to these
areas. Eighty-three of the 100 pairs made no
visits to crops and the largest proportion of 
visits to crops by any pair (52%) was less than
the area of crops available. Almost identical
results for habitat selection were found when
availability was calculated as the total area of
each habitat on all study farm areas.

In 1997, 97% of feeding flights to trees (228
out of 235) were to either Oaks Quercus spp. or
Willows Salix spp. with at least 69% to Oaks
(Table 4). Ash Fraxinus excelsior and Elm Ulmus
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Figure 1. Jacob’s Preference Indices for Chaffinches foraging on different farmland habitats. Available areas were
derived by summing together all habitat types within 100 m of boundaries. Probability values of selection or avoidance,
generated by bootstrapping procedures, are indicated by *** P < 0.001.



spp. were commonly found on boundaries, as
well as Oak and Willow, but were visited far
less than either Oak or Willow (Table 4).
Although the availability of individual tree
species was not measured, all species only 
covered less than 1% of the study areas and 
so Oak and Willow were highly selected. 
When Oak and Willow were growing in close
proximity the destination of the bird could not
be distinguished (30 visits). No tree species
other than those in Table 4 were found on more
than 3% of boundaries on study farms.

Nest success

A total of 209 nests were found, 58% of which
were in Hawthorn Crataegus spp. (recorded in

95% of boundaries), 13% in Blackthorn Prunus
spinosa (recorded in 81% of boundaries), 8% in
Elder Sambucus nigra (recorded in 79% of
boundaries) and 21% in other hedgerow tree
and shrub species. The fates of the contents of
nests found were as follows: 111 were predated
(37 at the chick stage), 49 successfully fledged
with whole broods, eight broods suffered
whole brood starvation, 20 suffered partial
brood starvation, six broods were abandoned
(all at the egg stage) and the fates of 15 nests
were unknown.

Data from two broods were excluded from
the partial starvation data because starvation
occurred following nest desertion. The proba-
bility of a starvation incident (i.e. one or more
chicks dying from starvation) was not signifi-
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Table 4. Foraging visits by adult Chaffinches with nestlings to different tree species in 1997.

% of boundaries (all
farms) with tree

Tree species species present Data Total

Oak 29 Number of visits 163
Number of visits with known flight distance 138
Average visit distance (m) ± sd 31.4 ± 57.8

Willow 20 Number of visits 35
Number of visits with known flight distance 35
Average visit distance (m) ± sd 47.6 ± 60.9

Willow and Oak 40 Number of visits 30
Number of visits with known flight distance 30
Average visit distance (m) ± sd 35.5 ± 32.7

Ash 29 Number of visits 1
Number of visits with known flight distance 0
Average visit distance (m) ± sd na

Poplar 3 Number of visits 1
Number of visits with known flight distance 1
Average visit distance (m) 45.0

Sycamore 6 Number of visits 1
Number of visits with known flight distance 0
Average visit distance (m) ± sd na

Maple 11 Number of visits 0
Number of visits with known flight distance 0
Average visit distance (m) ± sd na

Elm 17 Number of visits 4
Number of visits with known flight distance 4
Average visit distance (m) ± sd 17.5 ± 21.8

Total number of visits 235
Total number of 

visits with known 
flight distance 208

Total average
visit distance (m) 34.5

na, Not available.



cantly affected by any variable, including oak
trees (χ2 = 1.61, df = 1, P = 0.20) and year (χ2 =
3.22, df = 1, P = 0.07). However, the interaction
between year and oak trees was significant (χ2 =
14.57, df = 1, P < 0.001), so separate models 
were constructed for each year. In 1996, starva-
tion incidences were noted in 18 out of 27
broods on boundaries without Oak trees (after
285.5 exposure days), contrasting with one out
of 13 broods on boundaries with Oak trees: a
highly significant difference (χ2 = 11.46, df = 1, P
< 0.001) (Fig. 2). There was a non-significant
trend in the opposite direction in 1997: star-
vation incidences were noted on only one out of
16 nests on boundaries without Oak trees (after
210.5 exposure days), and six out of 19 nests on
boundaries with Oak trees (after 249 exposure
days) (χ2 = 3.22, df = 1, P = 0.07) (Fig. 2).

Only the effect of farm was significant in the
overall failure rate model (χ2 = 18.71, df = 8, P <
0.03). None of the other predictors including
Oak trees and number of trees in the boundary
remained in the model.

In logistic regression, no firm theory predicts

the power of the Minimum Adequate Model
(MAM) in explaining the variance as does r2 in
least-squares regression (Collett 1991, Crawley
1993). However, the fit of the model to the data
can be assessed approximately by the ratio of
the residual deviance divided by the residual
degrees of freedom (Crawley 1993, Perkins et al.
2000). The ratio found in the starvation model
was 0.91 and that in the overall failure model
was 1.63, both of which indicated a good fit to
the data (Crawley 1993).

The size of broods at fledging was signifi-
cantly greater in nests on boundaries with Oak
trees (mean = 3.56, ± 0.22 se) than in nests on
boundaries without Oaks (mean = 2.81, ± 0.24
se) (T = 2.34, df = 73, P = 0.02).

The distances to the nearest Oak or Willow
(estimated from each nest to the nearest 10 m)
were compared between broods that either 
suffered from a starvation incident or fledged
successfully, pooling both years. Although the
distance of successful broods to Oaks was less
(median = 50 m) than that of broods that
starved (median = 90 m), the difference was
significant only at the 7% level (Mann–Whitney
W = 1697.5, df = 74, P = 0.07). However, the 
distance to the nearest Oak or Willow was sig-
nificantly less for successful broods (median =
40 m) than for starved broods (median = 90 m)
(Mann–Whitney W = 1644, df = 74, P = 0.02).

Influence of trees on nest survival in nest
record card data

During the brood phase failure rates were 
significantly higher in broods not associated
with trees (χ2 = 7.73, df = 1, P = 0.005) (Table 5).
There was no difference in the maximum brood
sizes of Chaffinches between the two habitat
categories (χ2 = 0.36, df = 1, P = 0.55).

Associations between habitat and territory

The average numbers of territories on each
farm varied between 0.24 and 0.66 per 100 m of
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Figure 2. Probability of survival of Chaffinch nest with
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Table 5. BTO Chaffinch nest record card data from nests with and without trees on lowland farmland.

Habitat category Daily failure rate during the brood period (±95% CL) [n] Brood size (±95% CL) [n]

Without trees 0.060 (0.030–0.115) [26] 3.567 (±0.438) [33]
With trees 0.017 (0.010–0.026) [178] 3.588 (±0.178) [185]

Brood size is the maximum recorded and will lie between the number at hatching and at fledging.



boundary (Table 1). A total of 276 Chaffinch 
territories were recorded on eight farms in 1996
and 260 on the same farms in 1997. A further 36
territories were found on an additional farm in
1997.

We investigated associations between
Chaffinch territory density at the farm level
and two favoured habitats (woodland and
Oaks) and with boundary type. The density of
territories was not related either to the propor-
tion of woodland within each study farm (in
1996: rs = 0.20, df = 7, P = 0.64; in 1997: rs = 0.23,
df = 8, P = 0.56) or to the proportion of the
boundary of the study farm which was adja-
cent to woodland (in 1996: rs = –0.38, df = 7, P =
0.35; in 1997: rs = 0.05, df = 8, P = 0.89). The
number of territories per 100 m length of
boundary: (a) was not significantly different on
boundaries with Oaks than those without in
either 1996 (T = 0.24, df = 273, P = 0.81) or in
1997 (T = 1.20, df = 296, P = 0.23); (b) did not
differ significantly between boundary types
(Table 2) classified as small narrow hedges,
small wide hedges, tall hedges, isolated bushes
or tree-lines either in 1996 (F4,319 = 1.30, P = 0.27)
or in 1997 (F4,353 = 0.84, P = 0.52); and (c) was not
significantly related to the management of the
field adjacent to the boundary in either 1996
(F6,319 = 1.18, P = 0.32) or in 1997 (F6,353 = 0.84, P
= 0.52). Note that this lack of significant differ-
ences was found despite the fact that sample
sizes at the field boundary section involve a
degree of spatial pseudoreplication both
between and within farms, and are therefore
based on inflated degrees of freedom. This
strengthens the conclusion that Chaffinch 
territory densities did not differ between
boundary types, between boundaries with and
without Oaks nor according to adjacent crop
type.

DISCUSSION

The main finding of this study was that
Chaffinches collecting food for nestlings
strongly selected trees and shrubs and showed
strong avoidance of almost all crops (both grass
and arable). This pattern was consistent regard-
less of whether availability of habitats was
defined as the total area on study farms or just
those areas within 100 m of hedgerows, trees
and woodland. This is not surprising given 
that the Chaffinch is mainly a forest bird 

over most of its European range (Hagemeijer &
Blair 1997). This is in sharp contrast to many
declining species, in which either precocial
young or foraging adults make extensive use of
cropped areas [e.g. Stone Curlew Burhinus
oedicnemus (Green & Griffiths 1994), Lapwing
Vanellus vanellus (Galbraith 1988), Grey
Partridge (Potts 1986), Skylark Alauda arvensis
(Wilson in press), Tree Sparrow Passer montanus
(Summers-Smith 1996), Yellowhammer Emberiza
citrinella (Bradbury & Stoate 2000, Bradbury et
al. 2000), Linnet Carduelis cannabina (Newton
1967, 1972, Moorcroft & Wilson 2000) and Corn
Bunting Miliaria calandra (Brickle & Harper
1999)].

There is a considerable weight of evidence 
to link agricultural intensification with declines
in the populations of many farmland bird
species (Fuller et al. 1995, Newton 1998, Krebs 
et al. 1999, Fuller 2000). Cropped land is likely
to be far more affected by these agricultural
changes (e.g. pesticide applications and
changes in timing and patterns of cropping;
Fuller in press), than non-cropped land. One
exception to this is changes in hedgerow length
and management. Recent estimates of hedge-
row loss from Countryside Survey data
indicate that 131 000 km were ‘lost’ between
1984 and 1990 and another 54 000 km from 
1990 to 1993 (Barr et al. 1994). However ‘loss’
included neglect of hedgerows which grew into
lines of shrubs or trees, or excessive trimming
causing excessive gappiness (i.e. giving a line
of isolated bushes). Such boundaries were no
longer classified as hedges by the Countryside
Survey, and accounted for the majority of 
‘loss’ of hedgerows recorded in both periods
(Barr et al. 1994). Given the links between
Chaffinch foraging and breeding success and
the presence of mature Oak and Willow trees,
Chaffinches may benefit from neglect of
hedgerows if it allows trees to grow within
boundaries. Gillings & Fuller (1998) found that
there was no relationship between outright
hedgerow removal and trends in numbers of
Chaffinch territories between 1966 and 1986 
on 11 study farms. Overall, it seems likely 
that agricultural intensification in recent 
years is likely to have had little negative 
impact on farmland Chaffinch populations
during the breeding season and, if anything,
hedgerow neglect may even have been 
beneficial.
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The importance of trees to farmland
Chaffinches

The importance of trees, particularly Oaks and
Willows, to farmland Chaffinches is supported
by five pieces of evidence from this study. First,
45% of all visits by adults foraging for nestlings
were to trees (Table 3). Secondly, in 1997 (the
only year in which data on tree species visited
were collected), 97% of feeding flights to trees
were to Oaks and Willows despite several other
species being common on study farms, includ-
ing Ash and Elm Ulmus spp. (Table 4). Thirdly,
broods that starved were located further from
Oak or Willow trees, when both years were
combined, than broods that fledged success-
fully. Fourthly, in 1996 there was a greater
probability of starvation (either partial or
whole brood) in Chaffinch nests located on
boundaries where there were no Oak trees.
Finally, data from nest record cards accord with
our field study in showing that lowland farm-
land broods located in sites associated with
trees had a higher survival rate than those in
sites far from trees. In contrast to the
Oxfordshire data, the nest record cards did not
show a difference in brood size between nests
close to trees and those far away. This may be
because the brood size measured was the max-
imum recorded and so might often have
reflected brood size before any starvation
occurred.

Chaffinch chicks are fed almost entirely on
invertebrates, mainly defoliating caterpillars
(Newton 1967), though a variety of other 
taxa are also taken including aphids, adult 
lepidopterans, dipterans, hymenopterans, spi-
ders, beetles and earwigs (Cramp & Perrins
1994; Wilson et al. 1996a). Several studies have
noted that Oaks hold both high invertebrate
biomass and species diversity relative to many
other tree species (Southwood et al. 1982,
Kennedy & Southwood 1984, Southwood
1996). Kennedy & Southwood (1984) found that
two species of Oak and five species of Willow
trees supported higher insect species diversity,
in particular Lepidopteran species, than many
other British tree species common on our study
farms, e.g. Ash, Elm Ulmus glutinosa and
Sycamore Acer pseudoplatanus. It seems likely
therefore that Chaffinches are selecting tree
species in which to forage based on the avail-
ability of preferred food for nestlings.

Why should Chaffinch broods have been less
likely to starve in 1996 when on boundaries
with Oak trees, but not in 1997? We suspect 
that this pattern may be explained by annual
fluctuations in food supply. Perrins (1990)
found a strong relationship between the clutch
size of both Blue Tits Parus caeruleus and Great
Tits Parus major and Winter Moth Operophtera
brumata caterpillar numbers, the primary food
source for tit chicks (Hartley 1953, Gosler 1993,
Cramp & Perrins 1994). Data from Wytham
Wood in Oxfordshire (next to one of our study
farms) showed that mean brood size of Great
Tits at fledging was significantly lower in 1996
(6.39 ± 0.11 se) than in 1997 (7.96 ± 0.11 se) (T =
10.29, df = 583, P < 0.001) (R. McCleery, pers.
comm.). Our Chaffinch data showed the same
pattern. In 1996, brood size at fledging was 2.80
(± 0.24 se) and in 1997 it was 3.51 (± 0.21 se) (T
= 2.20, df = 73, P = 0.03). Data from Wytham
Wood confirmed that the abundance of Winter
Moth caterpillars was 73% higher in 1997 than
in 1996 (L. Cole, pers. comm.). The pattern of
starvation incidences in 1996, in a poor cater-
pillar year, suggests that when food is scarce
the position of a Chaffinch nest near to an 
Oak tree is important in influencing fledging
success. However, in 1997, when food was
more plentiful, the distance to the nearest Oak
tree may have been less critical.

The number of Chaffinch territories was not
related to either the amount of woodland at the
farm scale or to the presence of an Oak on a
boundary. This is in contrast to other studies
that have shown a positive association between
trees and Chaffinch densities (Osborne 1984,
Green et al. 1994, Macdonald & Johnson 1995,
Hinsley et al. 1995).

CONCLUSIONS

This study provides evidence consistent with
the hypothesis that Chaffinches breeding on
farmland are able to use resources away from
cropped land and are therefore less likely to
have been affected by changes to the agricul-
tural landscape over the recent past than
species reliant on cropped land for food. This
provides a first step in understanding the 
disparity between a species that has been able
to withstand large-scale changes in agricultural
practice and those that have declined in the
face of it. Other reasons that could explain this
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difference include differences in resource use
during the winter (in particular the ability of
Chaffinches to utilize gardens and pheasant
feeding sites) and the maintenance of farmland
populations by immigrants from other habitats
such as woodland and suburbia. The relative
importance of these other factors could be 
illuminated by following individually marked
birds throughout the year and assessing their
fecundity in combination with their survival
and dispersal.

Elsewhere in Europe, Chaffinches are consid-
ered as woodland birds (Hagemeijer & Blair
1997). Although most of the UK population
now persists on farmland, arboreal food
resources seem to be responsible for this 
persistence at least during the breeding season.
The presence of mature trees, particularly Oaks
and to a lesser extent Willows, within lowland
farmland may be important in ensuring the
maintenance of populations of Chaffinches on
farmland. Unless there are major declines in
these tree species, through either mortality or
excessive hedgerow removal (Bunce et al. 1998),
or impacts on Chaffinch populations during
the winter or in other habitats (e.g. woods and
gardens), then Chaffinches should continue to
buck the trend of farmland bird declines.
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ENDNOTES

a. The Jacob’s Preference Index was used to
measure habitat selection over all foraging vis-
its to known habitat types: D = (r – p)/(r +p –
2rp), where r is the proportion of foraging visits
to a particular habitat type and p is the propor-
tion of the available area covered by that
habitat type. The index ranges from –1 demon-
strating complete avoidance of a habitat type to
+1, demonstrating exclusive use. When D = 0,
this indicates foraging visits in proportion to
the habitat available. Probability values for
avoidance or selection were calculated by
resampling the habitat type allocated to each
foraging visit in such a way that the probability
of allocating a given visit to a given habitat type
was equal to the proportion of a total habitat
area occupied by that habitat type. This proce-
dure was repeated 1000 times. Selection or
avoidance, at the 5% level, of a particular habi-
tat was indicated if the number of observed
foraging locations fell above the 97.5 or below
the 2.5 percentiles of the distribution of boot-
strapped results. Further more sophisticated
analyses of foraging habitat selection in relation
to habitat available around individual nests
were not carried out given that overall patterns
of habitat selection proved so clear-cut (see
Results).

b. Daily nest failure rates were modelled using
binomial errors and a logit link function, with
nest fate (brood starvation/brood failure = 1,
success to fledging = 0) as the binomial
response variable, and the number of days that
the nest was exposed to the risk of a starvation
or predation incident after it had been found
(‘exposure days’) as the binomial denominator
(Aebischer 1999). The number of exposure days
was calculated from when the nest was found
up to the date of failure. The date of failure was
estimated as the mid-point between the date
when the nest was last known to be active and
the date on which it was found to have failed
(Mayfield 1975). This method assumes that the
daily nest survival probability remains con-
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stant during the chick-rearing period. Back-
ward deletion was used to identify a Minimum
Adequate Model (MAM) when no variables
could be either deleted or added to the model
without causing a significant change in
deviance (Crawley 1993). Linear and quadratic
relationships were explored by fitting simple
linear terms and squared terms.

When variables are strongly intercorrelated,
the combination of variables retained in 
the MAM can depend strongly on the model
simplification procedure chosen (James &
McCulloch 1990). To tackle this problem, asso-
ciations between variables remaining in MAMs
and other variables were determined using
appropriate tests (Siegel & Castellan 1988).
These were all performed in Minitab 12.0 and
SPSS (Norusis 1997). If a variable ‘A’ in the
MAM was significantly related to another 
variable ‘B’, at P < 0.05, and only one variable,
‘A’, remained in the MAM, an alternative
model was developed replacing ‘A’ with ‘B’.
For the sake of brevity, all such replacement
models in which the amount of deviation
explained by ‘B’ was not significant are not
mentioned in the results.
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