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Abstract

Non-native species are frequently considered to influence urban assemblages. The grey squirrel Sciurus carolinensis is one
such species that is widespread in the UK and is starting to spread across Europe; it predates birds’ nests and can compete
with birds for supplementary food. Using distance sampling across the urbanisation intensity gradient in Sheffield (UK) we
test whether urban grey squirrels influence avian species richness and density through nest predation and competition for
supplementary food sources. We also assess how urban bird assemblages respond to supplementary feeding. We find that
grey squirrels slightly reduced the abundance of breeding bird species most sensitive to squirrel nest predation by reducing
the beneficial impact of woodland cover. There was no evidence that grey squirrel presence altered relationships between
supplementary feeding and avian assemblage structure. This may be because, somewhat surprisingly, supplementary
feeding was not associated with the richness or density of wintering bird assemblages. These associations were positive
during the summer, supporting advocacy to feed birds during the breeding season and not just winter, but explanatory
capacity was limited. The amount of green space and its quality, assessed as canopy cover, had a stronger influence on
avian species richness and population size than the presence of grey squirrels and supplementary feeding stations. Urban
bird populations are thus more likely to benefit from investment in improving the availability of high quality habitats than
controlling squirrel populations or increased investment in supplementary feeding.
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Introduction

Urbanisation is one of the fastest growing land uses, and

generates environments with very different selection pressures than

the rural ones which it replaces [1–3]. The resultant species

assemblages in towns and cities thus also differ markedly in their

structure and composition than equivalent assemblages in more

rural environments [4–6], but can include considerable popula-

tions of some species of conservation concern [7]. Numerous

factors can drive this divergence in assemblage structure, with

changes in habitat quality and the introduction of non-native

species frequently considered important [8–9]. Much of the

research on urban assemblage structure has focused on avian

assemblages, which can also be influenced by predation risk and

provision of supplementary food [10–12].

In the UK, the grey squirrel Sciurus carolinensis is an exotic

species that is widespread in urban areas [13]. Grey squirrels

sometimes predate birds’ nests [14], and there is evidence that they

can out-compete birds for supplementary food [15,16]. As a

consequence of these observations concern has been expressed

that grey squirrels may limit avian population size, but empirical

evidence is very limited. In rural areas the populations of a small

number of bird species are slightly reduced when grey squirrels are

present with the assumption being that this is due to nest predation

[17–18], but empirical data are lacking from urban areas.

The provision of supplementary food for wild birds is a

widespread activity in many developed countries, with almost half

of UK households providing food for birds [19]. This activity is

associated with grey squirrel occurrence [13]. Positive associations

have also been documented between supplementary feeding and

the size of wintering and breeding bird populations [10,11]. Such

positive associations may arise through improved survival rates or

increased productivity [20,21]. Some recent studies have, howev-

er, found that supplementary feeding is associated with reduced

reproductive success [22], and that provision of low quality food

can reduce maternal investment in egg quality [23]. Moreover,

there is much spatial variation in the effects of supplementary

feeding on avian population size, with positive effects in northern

Europe (Finland, UK) but negligible effects in central Europe

(France), and not all species that use feeders exhibit increased

population size [10–11;24–25]. One possible mechanism for this is

that supplementary feeding promotes interference competition

with a small number of dominant aggressive species monopolising

resources which could reduce the benefits they provide to native

species [26,27]. Indeed, experimental evidence demonstrates that

grey squirrel presence at supplementary feeding stations severely

limits food intake rates (lowered by over 90%) of a wide range of
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passerines demonstrating the potential for strong interference

competition [16]. It is unknown, however, if such competition

influences avian population size, for example this would not be the

case if feeding stations are sufficiently abundant that displaced

birds can readily find alternative stations that lack squirrels or if

the availability of such stations does not regulate bird population

size.

Our primary objective is to assess if grey squirrels influence the

structure of urban avian assemblages through either nest predation

or competition at supplementary feeding stations. We do so by

comparing breeding and wintering avian assemblage structure

across multiple urban locations, in which grey squirrels are both

absent and present, whilst taking the amount of green space, its

quality, and provision of supplementary food into account. In so

doing we also provide an additional assessment of the association

between supplementary feeding and avian assemblage structure.

We use Sheffield (UK), the fifth largest urban municipality in the

UK, as a case study.

Materials and Methods

No specific permissions were required to conduct this work.

Research did not involve endangered or protected species or

collection of biological material.

Sampling approach
This study was conducted in urban Sheffield, which contains c.

555,500 people [28]. Urban areas were defined as 1 km61 km

squares with at least 25% coverage of hard surface. This definition

has been used in numerous other urban ecology studies conducted

in the Sheffield region, and is appropriate as it excludes areas of

the countryside which fall within the city’s administrative

boundaries, but retains all parks and other green-spaces

surrounded by built up land within the urban landscape. This

resulted in 143 1 km61 km squares, each of which was split into

16 cells of 250 m6250 m. The green space cover (%) of each of

these smaller cells was determined using OS Mastermap digital

maps (EDINA Digimap, Edinburgh, UK) in ArcMap 9.3 (ESRI

Corporation, Redlands, CA, USA). Each cell was assigned to one

of ten categories, based on its green space cover (%) ranging from

category 1 (0–10% green space) to category 10 (91–100% green

space). Ten sampling points were then selected using a random

stratified approach, in each category of green space, resulting in

100 sampling points. An additional 40 sampling points were

selected from cells with intermediate amounts of green space (41–

80% green space) to increase sampling effort in those areas most

likely to have variation in squirrel occurrence.

Field observations
Visual surveys and counting dreys in the winter are the two

most economical methods for surveying squirrels [29]. Drey

counts require data on the mean number of dreys used by an

individual squirrel, but such data are unavailable for urban areas.

Moreover, in towns and cities grey squirrel dreys can be very

difficult to detect as they are frequently built inside old corvid

nests, the roof space of buildings and evergreen trees [30], which

reduces the method’s value. We thus assess grey squirrel

distributions using a visual survey method. We used a fixed

duration point count methodology which has previously been used

to estimate densities of other squirrel species [31–33]. We followed

reference [32] and used a ten minute point count; we used a fixed

radius of 100 m [34]. The size of the point count survey radius is

thus approximately 3 ha, which incorporates the typical home

range size (0.5 to 3 hectares) of grey squirrels occupying patches of

fragmented habitat [35]. Our methodology is described in full in

[13]. These point counts were also used to sample the avian

assemblage; such methods have previously been frequently used to

sample urban avian assemblages in both the breeding and non-

breeding season [36,37].

Each sampling point was visited four times in 2010 on dry calm

days (less than 4 on the Beaufort scale), once every season (winter:

4 February –2 March; spring: 8–27 April; summer: 5–21 July;

autumn: 25 October –10 November). Surveys were not conducted

during very cold days (,3uC) as these can reduce squirrel activity.

Sampling points were located in the field using a handheld GPS

receiver and a map of each location from Google Earth. The exact

sampling point was accessible in 102 out of 140 cases (73%); when

it was not accessible, the observer (C. Bonnington) stood at the

nearest accessible point within the same cell. Ten-minute avian

point counts of a fixed radius of 100 m were conducted in daylight

hours within 5 hours of sunrise or 5 hours of sunset, during each

season. Observations began immediately on arrival at the point

location. For each detected individual, the species, radial distance

from the observer (within the 100 m point count radius) and

detection type (whether seen or heard) were recorded. Distances

were recorded using a range finder (Bushnell Laser range finder

Sport 450, Overland Park, KS, USA). Grey squirrels and actively

stocked supplementary feeding stations were recorded in the same

manner as the avifauna, but if no squirrel or feeding station was

recorded during the point count period the survey area was

searched for a maximum of 10 minutes to confirm the absence of

squirrels and actively stocked feeding stations.

The habitat characteristics of each survey area were recorded:

the height of the 20 closest trees (.2 m high and $20 cm

diameter at breast height in survey area) to the sampling point;

canopy cover (%) of the survey area estimated from aerial Google

Earth maps (using imagery recorded in summer 2008); and green

space (%) of the survey area from OS Mastermap (see above).

Ground-truthing during the surveys confirmed the estimates of

canopy cover and green space.

Density estimates
Distance software (v.6, [38]) was used to calculate avian

densities (number/hectare) at each sampling point. We excluded

a small number of rarely detected species that exclusively use

habitats that are not used by grey squirrels: wetlands (mallard

Anas platyrhynchos, 2 detections; coot Fulica atra, 1 detection;

moorhen Gallinula chloropus, 4 detections; sand martin Riparia
riparia, 20 detections; sedge warbler Acrocephalus schoenobaenus,
2 detections) and open fields (skylark Alauda arvensis, 1 detection).

Following standard distance sampling protocols [34] we fitted half-

normal and hazard-rate distributions to all bird datasets to model

how detection declined with distance from bird observations,

across the four seasons. Urban form (green space % of the survey

area), detection type (visual or audial) and season were included as

covariates in models of detectability functions. The grouping of

appropriate distance bands was explored until a good fit between

each model and the data was obtained, by comparing the

modelled detection function against the observed distance data,

the goodness-of-fit statistics and Akaike’s Information Criterion

values for alternative grouping (and covariate combinations) and

detection function options. For those species with fewer than 32

observations detectability functions were constructed by including

observations of a surrogate species following reference [39]. The

best fitting models were used to generate density estimates for each

avian species, at all sampling points, in each season (Table S1).

The same approach was used to calculate densities of grey

squirrels and actively stocked supplementary feeding stations.

Urban Birds, Grey Squirrels and Supplementary Feeders
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There was, however, limited variation between point counts in the

resultant density estimates so subsequent statistical analyses were

restricted to using the presence/absence of grey squirrels and

feeding stations as predictors (respectively termed squirrel occur-

rence and supplementary feeding stations).

Species classifications
Species were classified as using supplementary food if they were

recorded as doing so in at least 75% of gardens in the BTO’s

Garden Bird Feeding Survey (GBFS) in the last four years (http://

www.bto.org/volunteer-surveys/gbfs/results). Data are not avail-

able from this survey for a small number of our recorded species

(feral pigeon Columba livia, carrion crow Corvus corone and most

summer migrants). The feeder use of these species was classified

following Fuller et al. (2008). The resultant classification (Table

S1) is identical to reference [11] except that we also classify coal tit

Periparus ater and long-tailed tit Aegithalos caudatus as using

supplementary feeders, these species take supplementary food in

respectively 90% and 75% of gardens in the GBFS. Species that

were present during the winter were classified in two categories of

sensitivity to interference competition, i.e. most and least sensitive

(Table S1). The most sensitive species comprised those that met all

of the following criteria: i) they used supplementary feeders (as

defined above); ii) obtained most of their supplementary food from

raised or hanging feeding stations, rather than feeding on the

ground, as these are the types of feeders typically used by grey

squirrels; and iii) were unaggressive small bodied species. These

criteria are derived from the results of a food competition

experiment which demonstrated that small bodied avian passer-

ines, with the exception of the aggressive robin Erithacus
rubecula), that used hanging feeders were susceptible to interfer-

ence competition from grey squirrels [16]. All other species were

classified as least sensitive to food competition from grey squirrels.

Species detected during the breeding season were classified as

most or least sensitive to grey squirrel predation (Table S1).

Species were classified as most sensitive if they nested in habitats

frequently used by grey squirrels, and their daily nest failure rates

were greater than 1% nest/day as calculated from the British

Trust for Ornithology’s nest record card scheme [40] as the vast

majority of nest failures are caused by predation in our focal

species. Data for pheasant Phasianus colchicus were obtained from

the Game and Wildlife Conservation Trust [41]. Using this

methodology cavity nesters and aggressive large bodied species

were typically classified as least sensitive to predation, whilst other

species were classified as being most sensitive to predation. There

was a clear gap in the distributions of daily nest predation rates

between the two groups of species (most sensitive species: 1.1 to

4.27%; least sensitive species: 0.08 to 0.74%).

Statistical analysis
Analyses were conducted to assess how grey squirrels and

supplementary feeding influenced the structure of urban avian

assemblages during the breeding and wintering seasons. Although

surveys were conducted in all four seasons, we focus on assessing

how the breeding and wintering avifaunas were influenced by grey

squirrels as these are likely to be most susceptible respectively to

nest predation and food competition by grey squirrels. Data on the

composition of the avifauna during the breeding season used

observations from the spring point counts for the vast majority of

species, but for a small number of late arriving summer migrants

(Table S1) the summer survey data were used as some individuals

would not have arrived at their breeding sites by the time of the

spring survey period.

R v. 2.15.1 [42] was used for all statistical analyses. The species

richness and density of each avian assemblage (i.e. species grouped

by their sensitivity categories) was modelled, using generalised

linear models, as a function of squirrel occurrence, mean tree

height (m), canopy cover (%), green space in the 250 m6250 m

cell (%), and presence of supplementary feeding stations.

Interaction terms between squirrel occurrence and other predic-

tors were included to assess whether squirrels altered the slope of

the relationships between assemblage structure (i.e. species

richness and density) and key predictor variables, i.e. presence of

supplementary feeding stations, and measures of habitat quality.

This is important because positive relationships between predators

and their avian prey have been reported by other studies

[12,17,18], probably reflecting a mutual preference for similar

habitats, which may mask any suppression of population densities

by grey squirrels.

The above analyses provide some information on the influence

of supplementary feeding stations on assemblage structure, but to

assess this further additional analyses were conducted that

modelled the species richness and density of species that use and

do not use supplementary feeders as a function of the presence of

these feeders, mean tree height, canopy cover and green space.

These analyses build on previous analyses of this issue by using

empirical data on active feeder occurrence at the focal survey site

and considering a wider range of habitat indicators than only the

amount of green space.

Preliminary exploration indicated that all relationships with

continuous predictors were linear and thus square terms were not

included as predictors. Tolerance values of all predictors were

sufficiently above the threshold (0.1; minimum 0.48 for canopy

cover) below which correlations between predictors can bias the

results of multiple regressions [43]. Model selection for all

generalised linear models adopted an information theoretic

approach; we constructed all possible models given the suite of

our predictor variables using the MuMIn package, and the 95%

confidence set of models comprised those whose cumulative

weights summed to 0.95. Model averaging was conducted across

this set of models to assess the influence of all predictors on avian

species richness and density for each category of species. We used

the spdep package to test all response variables for spatial

autocorrelation following the methodology of Dormann et al.
[44]. Moran’s I tests demonstrated that spatial autocorrelation was

extremely limited (maximum Moran’s I = 0.037, for the breeding

species richness of species most sensitive to nest predation), and

non-significant for the majority of response variables. For those

response variables with statistically significant Moran’s I values

comparison of full models constructed with and without taking

spatial autocorrelation into account indicated that spatial auto-

correlation had limited influence on parameter estimates and

explanatory power (Tables S2 & S3). We thus only report the

results from non-spatial models.

Results

Breeding season - sensitivity to nest predation
Multiple regression models explained between one sixth and just

over a third of the variation in the richness and density,

respectively, of breeding avian assemblages (Table 1). There was

no evidence that the presence of grey squirrels, as a main effect,

was negatively associated with avian species richness or density;

indeed, squirrel occurrence was positively associated with the

richness and density of those bird species most sensitive to grey

squirrel nest predation, but explanatory capacity was limited

(respective model averaged partial r2 = 0.06 and 0.07; Table 1).
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The richness and density of these species was negatively influenced

by the interaction between squirrel occurrence and canopy cover,

indicating that grey squirrel presence reduced the benefits of

increasing woodland cover for these species, but explanatory

capacity was again limited (respective model averaged partial

r2 = 0.05 and 0.04; Table 1). For the richness and density of those

least sensitive bird species, interaction terms between squirrel

occurrence and other predictors had negligible explanatory

capacity (model averaged partial r2,0.02; Table 1).

Predictors other than grey squirrel occurrence, and its

interactions, typically explained more of the variation in the

response variables for both the most and least sensitive species to

grey squirrel nest predation. Canopy cover was the habitat

predictor that explained most of the variation in species richness

and density (respective model averaged partial r2 = 0.12 and 0.1;

Table 1) of species most sensitive to grey squirrel nest predation.

The presence of supplementary feeding stations explained the

most variation in species richness and density (respective model

averaged partial r2 = 0.06 and 0.1; Table 1) of species least

sensitive to grey squirrel nest predation. The proportion of green

space influenced the richness and density of the most and least

sensitive bird species to nest predation, although the explanatory

capacity was limited (model averaged partial r2,0.05; Table 1).

Winter - food competition
Multiple regression models explained between one sixth and a

third of the variation in the richness and density, respectively, of

wintering avian assemblages (Table 2). There was no evidence

that the presence of grey squirrels, as a main effect, was negatively

associated with avian species richness or density; indeed, squirrel

occurrence was positively associated with the richness of those bird

species most sensitive to food competition with grey squirrels, but

explanatory capacity was limited (model averaged partial

r2 = 0.03; Table 2). There was very limited evidence that the

interaction between squirrel occurrence and green space influ-

enced the richness of the most sensitive bird species (model

averaged partial r2 = 0.02; Table 2). For the density of those most

sensitive bird species, and the richness and density of those bird

species least sensitive to food competition, interaction terms

between squirrel occurrence and other predictors had negligible

explanatory capacity (model averaged partial r2,0.01; Table 2).

Predictors other than grey squirrel occurrence, and its

interactions, typically explained more of the variation in the

response variables for both the most and least sensitive species to

food competition with grey squirrels. Canopy cover was the

habitat predictor that explained most of the variation in species

richness and density (respective model averaged partial r2 = 0.14

and 0.16; Table 2) of species most sensitive to food competition.

The proportion of green space and the presence of supplementary

feeding stations explained most of the respective variation in

species richness and density (respective model averaged partial

r2 = 0.05 and 0.07; Table 2) of species least sensitive to food

competition.

Supplementary feeding effects during the breeding
season and winter

When taking habitat factors into account the presence of

supplementary feeding stations had very limited influence on the

species richness (model averaged partial r2 = 0.03) and density

(model averaged partial r2 = 0.04) of wintering avian assemblages

of species that regularly use supplementary feeders (Table 3). We

found no evidence to suggest that supplementary feeding stations

explained any of the variation in the winter species richness or

density of species that do not regularly use supplementary feeders
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(model averaged partial r2,0.01; Table 3). In breeding assem-

blages, the richness, and density, of species that regularly use

feeders was positively associated with the presence of supplemen-

tary feeding stations (model averaged partial r2 = 0.07), and

canopy cover explained comparable variation in the richness of

these species (model averaged partial r2 = 0.07). We found no

evidence that the presence of supplementary feeding stations

influenced the breeding richness, and density, of the species that

do not regularly use feeders (model averaged partial r2,0.01), and

the richness, and density, of these species were respectively

influenced most by the proportion of green space and mean tree

height (respective model averaged partial r2 = 0.08 and 0.1;

Table 3).

Discussion

Grey squirrels predate birds’ nests [14]. It has been widely

suggested that this predation can alter the composition of avian

assemblages and reduce the abundance of those species that are

sensitive to nest predation [15]. Empirical data are limited to rural

environments with some evidence that at the 1 km 61 km spatial

scale grey squirrels may slightly reduce the population size of a

small number of bird species [17]. The strongest evidence that we

found for such impacts in urban assemblages was that the presence

of grey squirrels reduced the slope of the relationship between

canopy cover and the density and richness of species most sensitive

to nest predation by grey squirrels. Such relationships were not

detected amongst species that were less sensitive to nest predation.

Therefore, and whilst explanatory capacity was limited, the

presence of grey squirrels appears to be having some influence

on the structure of urban bird assemblages. All the species in our

study that are sensitive to grey squirrel nest predation occur in

woodland environments, and notably measures related to the

abundance or type of green space, including canopy cover, had

consistently stronger impacts on the size and species richness of

urban breeding bird assemblages.

Grey squirrel population size and distribution in urban areas are

positively influenced by supplementary feeding stations [13,45], at

which they can outcompete numerous bird species, restricting

their food intake rates by over 90%, and generating potential for

interference competition [16]. Despite this we find no evidence,

when taking habitat availability and type into account, that grey

squirrels reduced the abundance or species richness of wintering

avian assemblages in a highly urbanised region. This remains the

case even when assemblage composition was restricted to those

species most sensitive to food competition with grey squirrels. This

may be a consequence of the high abundance of supplementary

feeding stations, with approximately half of UK households

feeding garden birds [19], as this will increase the probability of

a bird displaced from one feeder by a grey squirrel rapidly finding

an alternative food source, thus limiting the impact of competition

on food intake rates. The apparent lack of adverse impacts of grey

squirrels on birds using supplementary feeding stations could also

arise from relatively low densities of grey squirrels. Our results thus

do not preclude the possibility that grey squirrels could adversely

influence wintering bird populations in situations with either a

lower density of supplementary feeding stations or higher squirrel

densities.

We find negligible evidence that the species richness or density

of bird species is influenced by supplementary feeders, which may

also contribute to the lack of adverse impacts of interference

competition from grey squirrels on the structure of wintering avian

assemblages. In contrast, the density and species richness of

breeding bird species were positively associated with the presence
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of feeders, supporting the current advocacy that supplementary

feeding should occur in spring and summer. The explanatory

capacity of the associations between feeders and breeding species

richness and density were, however, rather limited, especially in

comparison to previous work suggesting that supplementary

feeding explains nearly half of the variation in the densities of

breeding avian assemblages in Sheffield [11]. The two studies were

conducted five years apart, and it is possible that changes in the

nature or extent of supplementary feeding by the public, or avian

responses to it, may have changed over that time period.

Supplementary feeding may, for example, have become sufficient-

ly common that the occurrence of feeders now has less of a role in

regulating avian population size than was previously the case.

Methodological differences, such as the use of direct observations

of feeder presence (this study) in comparison to estimated densities

of feeders based on socio-economic variables [11], are though

perhaps more likely to contribute to the variation in results of the

two studies. Although both studies indicate that breeding bird

assemblages benefit from supplementary feeding the magnitude of

this effect may be less marked than previously thought.

Conclusions and management implications
We find negligible evidence that interference competition from

grey squirrels at supplementary feeding stations influences the

structure of urban bird assemblages during the winter, which may

in part be a consequence of negligible benefits of supplementary

feeders to these assemblages. During the breeding season avian

densities and species richness, of those species that used feeders,

responded positively to the presence of supplementary feeders.

Grey squirrel occurrence reduced the densities and species

richness, of those species sensitive to nest predation, by limiting

the beneficial impacts of woodland cover. The positive effects of

feeders and the negative effects of grey squirrels were, however,

rather limited in their explanatory capacity. The amount of green

space and its quality, i.e. canopy cover, exerted a stronger

influence on urban bird assemblages during both the winter and

breeding seasons. Conservation management activities in the focal

region targeting urban bird populations should, given the current

densities of grey squirrels, focus on improving the availability of

high quality habitat rather than controlling grey squirrels or

further increasing supplementary feeding.
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communities in urban habitats: a comparative study between central and

northern Europe. J Biogeogr 29: 69–79.
11. Fuller RA, Warren PH, Armsworth PR, Barbosa O, Gaston KJ (2008) Garden

bird feeding predicts the structure of urban avian assemblages. Divers Distrib 14:
131–137.

12. Sims V, Evans KL, Newson SE, Tratalos JA, Gaston KJ (2008) Avian
assemblage structure and domestic cat densities in urban environments. Divers

Distrib 14: 387–399.

13. Bonnington C, Gaston KJ & Evans KL (2014) Squirrels in suburbia: influence of
urbanisation on the occurrence and distribution of a common exotic mammal.

Urban Ecosyst 17: 533–546.
14. Møller H (1983) Foods and foraging behaviour of Red (Sciurus vulgaris) and

Grey (Sciurus carolinensis) squirrels. Mamm Rev 13: 81–98.

15. Hewson CM, Fuller RJ, Mayle B, Smith KW (2004) Possible impacts of Grey
Squirrel on birds and other wildlife. Br Wildl 15: 183–191.

16. Bonnington C, Gaston KJ & Evans KL (2014) Assessing the potential for Grey
Squirrels Sciurus carolinensis to compete with birds at supplementary feeding

stations Ibis 156: 220–226.
17. Newson SE, Leech DI, Hewson CM, Crick HQP, Grice PV (2010a) Potential

impact of grey squirrels Sciurus carolinensis on woodland bird populations in

England. J Ornithol 151: 211–218.
18. Newson SE, Rexstad EA, Baillie SR, Buckland ST, Aebischer NJ (2010b)

Population change of avian predators and grey squirrels in England: is there
evidence for an impact on avian prey populations? J Appl Ecol 47: 244–252.

19. Davies ZG, Fuller RA, Loram A, Irvine KN, Sims V, et al. (2009) A national

scale inventory of resource provision for biodiversity within domestic gardens.
Biol Conserv 142: 761–771.

20. Jones DN, Reynolds SJ (2008) Feeding birds in our towns and cities: a global
research opportunity. J Avian Biol 39: 265–271.

21. Robb GN, McDonald RA, Chamberlain DE, Reynolds SJ, Harrison TJE

(2008a) Winter feeding of birds increases productivity in the subsequent breeding
season. Biol Lett 4: 220–223.

22. Harrison TJE, Smith JA, Martin GR, Chamberlain DE, Bearhop S, et al. (2010)
Does food supplementation really enhance productivity of bird nestlings?

Oecologia 164: 311–320.
23. Plummer KE, Bearhop S, Leech DI, Chamberlain DE, Blount JD (2013) Fat

provisioning in winter impairs egg production during the following spring: a

landscape-scale study of blue tits. J Anim Ecol 82: 673–682.
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