A comparison of winter bird communities in agricultural grassland and cereal habitats in Ireland: Implications for Common Agricultural Policy reform
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Capsule: In winter, grassland sites had greater bird numbers compared to winter cereals but a number of species of conservation concern were exclusively recorded on winter cereals.
Aims To compare the winter bird communities in grassland and winter cereal fields.
Methods Grassland and winter cereal fields were surveyed for birds overwinter in a landscape of mixed grassland and arable agriculture. 
Results Generalized Linear Models demonstrated that total bird abundance, the mean abundance of the majority of ecological groups and that of several common species, were significantly greater in grassland compared with winter cereal fields. However, a number of  species of conservation concern, e.g. Skylark Aluda arvensis, were observed only on winter cereal fields. Only a minority of bird variables showed a positive response to field size. Of these, total bird species richness and the Shannon and Simpson’s diversity indices showed positive significant responses to increasing field size, which may alternatively and perhaps more correctly be interpreted as a positive response to field boundary density within the farmed landscape.
Conclusions Farmland habitats are important for the provision of overwintering resources for birds, and policy directed towards bird conservation should target management of locally significant habitat types. The implications of these findings are discussed in light of the proposed revision of the Common Agricultural Policy in 2014, particularly the proposed measure for crop diversification.
INTRODUCTION
Agricultural intensification has been held responsible for a marked reduction in avian biodiversity across north-west Europe in recent decades (Donald et al. 2001, Benton et al. 2003). The role of farmland habitats in the provision of winter resources for birds has been examined in a number of studies (e.g. Tucker 1992, Wilson et al. 1996). Indeed, the provision of the appropriate habitat type during the winter months could reverse the dramatic declines of certain farmland specialists (Gillings et al. 2005). The landscape in which farmland habitats are embedded, as well as their contribution to the conservation of both overall avian biodiversity and specific species is important (Robinson et al. 2001). The gradient of scales at which specific bird species or ecological groups operate is an important consideration when creating optimal conditions for bird conservation, as is the fact that the establishment of diverse plant species swards may not be essential for the provision of required resources in winter (Atkinson et al. 2005). Grasslands can provide valuable foraging for invertebrate feeding birds during the winter season (e.g. McMahon et al. 2012). However, it may not be possible to provide a prescription for grassland management that will be suitable to all bird species within the varying bio-geographical and farming systems found throughout Europe (Báldi et al. 2005).
The land area of Ireland is 6.9 million ha with 4.6 million ha utilised for agricultural activities and almost 80% of this agricultural area is devoted to pasture, hay and grass silage production (DAFM 2012). Although only 0.42 million ha of the total area of Ireland is devoted to crop production (DAFM 2012) it is still an important habitat for birds in areas where tillage production is prevalent which are much more prevalent in the climatically better suited east and south east (Lafferty et al. 1999). As part of the reforms of the Common Agricultural Policy (CAP) in 2014, it is proposed that all countries implement ‘Greening Measures’ under Pillar 1 (European Commission 2011). One of these measures is referred to as crop diversification. This will require farmers with greater than 3ha arable land to grow at least three different crop types and produce a maximum of 70% of any one crop and a minimum 5% of any one crop (European Commission 2011). The aim of this measure is to promote heterogeneity within agricultural ecosystems, which many have suggested should be promoted to reverse the declines in farmland biodiversity (Benton et al. 2003). However, it is important to differentiate between measures designed to improve biodiversity within agricultural ecosystems and implementing policy aimed at the conservation of individual red listed species, because these quite different aims may actually conflict in practice (Severns & Moldenke 2010, Launer & Murphy 1994).
Management of wintering habitats that improve survival may be critical in the process of curbing the decline of many farmland bird species (Siriwardena et al. 2000, Hole et al. 2002; Gillings et al. 2005). The preference of many bird species, particularly granivorous species, for over wintering stubble has been highlighted in a number of studies (Wilson et al. 1996, McMahon et al. 2003). It has been suggested that the shift from spring sown towards autumn sown cereals has been one of the reasons for the declines in many farmland birds both in the UK and in Ireland (Fuller et al. 1995, Taylor & O'Halloran 2002).  However, in Ireland there are no regions that are dominated by cereal production (CSO, 2010) making the contribution of mixed grassland and cereal landscapes particularly important to certain bird species e.g. Yellowhammer Emberiza citrinella (Crowe et al. 2010). The potential changes that the implementation of crop diversification as part of the CAP 2014 could have on the Irish landscape needs to be examined, with reference to overall biodiversity but also relating to species of conservation concern.

Non-crop features within the farmed landscape are important to birds, particularly field boundaries and the importance of these for farmland birds during the winter has been documented (e.g. Moles & Breen 1995, McMahon et al. 2005). A number of studies have investigated the preference of different bird species for particular farmland habitats during the winter season (Wilson et al. 1996, Henderson et al. 2004). The aims of the current study were to investigate if there were differences between winter farmland bird communities in improved grassland and winter cereals fields within a mixed agricultural landscape, while also incorporating the quality of the field boundaries and the area of the fields in the statistical models. 
MATERIALS AND METHODS
Site selection 
A total of nine improved grassland fields and nine winter cereal fields located in Co. Kildare were surveyed. Co. Kildare is located in the mid-east region of Ireland and it is comprised of a predominately a mixed landscape of grassland and cereal farming (CSO 2010). The grassland fields had a mean area ± SD of 4.7 ± 0.8 ha and winter cereal fields had a mean area ± SD of 5.9 ± 0.8 ha. The total studied area comprised of 43ha of improved grassland and 53ha of winter cereals. A total six of the nine winter cereal fields bordered improved grassland fields and four of the nine improved grassland fields bordered winter cereal fields. The land-use of the study area is broadly in line with the region, where in 2009 the ratio of grassland to cereal was 298, 300 ha and 73, 400 ha respectively (CSO 2010).
Bird data

Each of the fields was surveyed on four occasions in winter during the months of January and February 2005. The same surveyor (BJMcM) carried out all surveys according to a standardised protocol. During the visit to each site the total field boundary was walked, approximately 1.5m from the field margin where the cropping area adjoins the field margin. The speed of walking depended on the number of birds present however; due to the open nature of the farmland habitats the standard speed of 2km per hour was observed (Bibby et al. 2000). All individual birds were identified by sight and sound and location and number recorded directly onto farm maps. A pair of 10 X 42 binoculars was used. In addition pre-determined line transects across the larger fields were walked (Bibby et al. 2000, Chamberlain et al. 1999). This method ensures that ranges of farmland habitats are captured including field boundaries, such as hedgerows, as well as open grassland and tillage habitats. Time of day was standardised as far as possible because surveys were carried out at least two hours after sunrise and completed at least two hours before sunset. Extreme weather affects bird activity and observer accuracy (Bibby et al. 2000) and as such no visits were made in persistent, heavy rain or winds greater than Beaufort scale 4. All birds using the fields and field boundaries were recorded directly onto site maps including raptors hunting overhead. Species flying overhead but not using the field/sites were not counted. The logic behind this was that it is not possible to know which fields birds were actually using and as such these birds were excluded from the counts (Barnett et al. 2004, Perkins et al. 2000). Double-counting of birds was minimised by the observer taking into consideration birds that were flushed to other fields or to other part of the area being surveyed (Perkins et al. 2000). The collected bird data was classified based into seven ecological groupings using existing literature (Dänhardt et al. 2010, Hednderson et al. 2000, Holland et al. 2006), which included invertebrate feeders, omnivorous feeders, seed feeders, pigeons, thrushes, crows and granivores. In addition, farmland indicator species (Gregory et al. 2004) were also collated.  
Habitat data 

In order to establish how cropping in the field (i.e. grassland or winter cereal) and the ecological quality of the field boundaries (in this study field boundaries exclusively consisted of hedgerows) influenced bird distribution and abundance, the field boundary evaluation and grading system (FBEGS) (Collier & Feehan 2003) was used to evaluate the quality of hedgerows at the eighteen sites. The greater the FBEGS score the better quality of the hedgerow and the score is composed of FBEGS component scores for 1) Boundary Structure, 2) Associated Features, 3) Boundary Connectivity, 4) Botanical Diversity and 5) overall Boundary Type, and by pooling these component scores, a total FBEGS index was calculated on the basis of a wide range of environmentally-relevant criteria. Boundary structure included height, width and the number of trees were recorded. Associated features including the presence of earthbanks, drains and field margins along with boundary connectivity to other habitats and the percentage gaps were also recorded i.e. the percentage of breaks in the field boundary. Shrub diversity within a field boundary along with boundary type which recorded hedgerow orientation and slope (Collier & Feehan 2003). A low quality hedgerow would have a FBEGS score of less than 19, while a very high quality hedgerow would have a score of greater than 50 (Collier & Feehan 2003). This FBEGS study was carried out in July 2005, as identification of the shrub species is considerably easier at this time of year. Entire field boundaries surrounding the fields were walked and an overall score was given to each boundary. The FBEGS score for the hedgerows at each site was calculated by multiplying FBEGS scores per hedge by the proportion of the total length of each hedgerow which, when calculated for all hedgerow FBEGS scores per site provided a weighted average score for each site/field. There was no alteration (e.g. hedge cutting) in field boundaries between bird surveys and FBEGS survey. The crop type within individual fields was classified as winter cereals (four winter barley and five winter wheat) or permanent improved grassland (Sheridan et al. 2011).  
Data Analysis
A generalized linear model (GLM) assuming a Poisson distribution was fitted to the data to test if there was a difference between grassland and winter cereal fields. Cumulative species richness and abundance generated from all species and abundance recorded over the four surveys was used to calculate a number of bird response variables including species richness, abundance, Shannon and Simpson’s index (Magurran 2004) as the bird data where collected in a narrow timeframe within the winter period. In addition, a mean figure was calculated for a number of other bird response variables including overall abundance, the abundance of each of the seven ecological groups, farmland indicator species (Gregory et al. 2004) and the ten most mean abundant species recorded during the surveys. The relationship between bird communities and FBEGS, and field habitat was assessed using GLMs. Severe overdispersion was present in a number of bird response variables (initially assessed as full model deviance/residual df), indicating departure from assumptions of constant mean-variance for the Poisson Distribution. Rather than treat overdispersion simply as a nuisance parameter and correct for the bias it introduces in statistical tests, we hypothesised that overdispersion was caused by flocking behaviour observable as aggregation at a field level. Our data should follow a negative binomial distribution, with the mean-variance relationship governed by an additional parameter, theta, which essentially quantifies the clustering/aggregation in the response. Therefore a number of models assumed a negative binomial distribution with a log link. Field area and FBEGS were centred,  (xcentred = X – [image: image1.jpg]


 ​) where the mean is subtracted from the observed variable resulting in a transformed variable of mean 0. For example, each site field area minus the mean field area equals centred field size per site. This improves the interpretability of the parameter estimates. Initially all models were fitted with centred field size (ha), centred FBEGS score, habitat (grassland or winter cereals) and all interactions. An example of a model statement is:

Species richness = field size + FBEGS + habitat
A process of model simplification was then undertaken to remove sequentially, any non-significant terms (Crawley 2007). Minimal adequate models were identified by deletion using likelihood ratio tests. Subsequently, all removed variables were reinserted singly into the model to ensure that they remained non-significant. All analyses were performed in R 2.12 (R Development Core Team 2010). 
RESULTS
A total of 39 species was recorded throughout the duration of surveys. The number of species recorded in grassland was 31, while 30 species were recorded in winter cereals. A total of 22 species were recorded in both grassland and winter cereals. A number of species of conservation concern in Ireland (Lynas et al. 2007) were only recorded in winter cereals. These included Golden Plover Pluvialis apricari, Lapwing Vanellus vanellus and Skylark. The bird species recorded in the different field types, the ecological groupings into which they were collated and the cumulative abundance across all visits are presented in Table 1. 

Insert Table 1. 
There were no significant interactions in any of the models fitted to the data. However, field size and FBEGS had a significant positive effect on a number of bird response variables but neither were significant within the same model i.e. either field size or FBEGS was significant but not at the same time. The two variables were negatively correlated however, this relationship was non-significant. In addition, where field size or FBEGS was significant either of these variables only had a positive effect on bird response variables e.g. field size had a significantly positive effect on Blue Tit Cyanistes caeruleus and Jackdaw Corvus monedula whereas FBEGS had a significantly positive effect on Woodpigeon Columba palumbus, Redwing Turdus iliacus and Fieldfare Turdus pilaris. FBEGS was significantly greater in winter cereal fields compared to grass fields (χ2 =7.0, P<0.008), with grassland estimates ± SE = 3.831 ± 0.049 and winter cereal estimates ± SE = 4.007 ± 0.067. However, there was no significant difference in field size between grassland and winter cereals nor was there any significant relationship between FBEGS and field size. 
Insert Table 2.

Habitat had a significant effect on a number of bird response variables (Table 2) and in each case grassland had significantly greater numbers of birds than winter cereals. The response of individual bird species, e.g. Blackbird Turdus merula, Robin Erithacus rubecula, Chaffinch Fringilla coelebs, to the explanatory variables was not as evident as was the case with bird groups (Table 2). However, the end of bird response variables in relation to the explanatory variables is quite evident through the data where 10 of the models demonstrated that FBEGS had a positive effect on bird response variables and where habitat was significant, grassland had greater numbers of birds than winter cereals (Table 2).
DISCUSSION
The data presented in the current study indicates that improved grassland fields supported greater numbers of birds in terms of species richness, abundance, farmland indicators, ecological groups and a limited number of individual species, e.g. Fieldfare, compared to winter cereal fields.  Of all the bird response variables modelled, 50% showed that grassland fields supported greater numbers of birds thus demonstrating a consistent response among the majority of the ecological groups and farmland indicators (Table 2). The greater number of birds in the invertebrate group in grassland is not surprising and this has been demonstrated in a number of other studies (Tucker 1992, Wilson et al. 1996, Henderson et al. 2004). In addition, similar results for pigeons can be plausibly explained by woodpigeon consumption of green plant material as part of its diet along with seeds (Murton et al. 1964). However, it is surprising that the seed feeding species occurred in greater abundance on grassland sites although other habitats, particularly stubbles, can be important for these species in winter (Wilson et al. 1996, Hannock & Wilson 2003, Gillings et al. 2005) but were not surveyed in this study. Another, important piece of information that is evident from the results is that the response of individual bird species, e.g. Jackdaw Corvus monedula, to the habitat was not as evident as was the case with bird groups, e.g. farmland indicators, which would indicate that factors that affect overall avian biodiversity or a cohort of avian biodiversity, represented by the ecological groups, is not the same for individual species. It is noteworthy that Ireland is heavily dominated by grassland with few areas of pure cereal thus probably supporting more grassland specialists or farmland generalists than cereal specialists. Therefore it is not so surprising that many of the bird response variables had greater numbers in grasslands.   
The influence that FBEGS had on the winter bird communities on both improved grassland and on winter cereals was evident (Table 2) and has been recorded in a number of previous studies (McMahon et al. 2005, McMahon & Whelan 2006), as have field boundary characteristics not quantified using FBEGS within Irish agricultural ecosystems (Moles & Breen, 1995). However, it should be noted that one study found that FBEGS in winter was less important as an explanatory variable for birds (McMahon et al. 2010) while a review indicated that more components of hedgerow are utilised in the breeding season than in the winter (Hinsley & Bellamy 2000). However, increased field size or FBEGS scores had a positive effect but not with the same bird response variable (Table 2). A plausible explanation is that certain bird response variables are influenced to a greater extent by the quality of the field boundaries (e.g. farmland indicators) while other bird response variables are influenced to a greater extent by the size of a surveyed field (e.g. species richness). The pattern of observed responses to either field size or field boundary quality (but never both together), suggests that quite complex relationships may be at play between the effects of the quantity and quality of field boundaries on winter bird populations. 
When devising management or conservation policy for biodiversity it is essential that the objectives are clear and defined. In addition, the ecology of the taxa in question need to be comprehended, e.g. what are preferable actions for overall biodiversity may not be preferable for species of conservation concern. It is only when these details are understood that appropriate measures can to be put in place. .This study demonstrates the importance of field type, field boundary quality, field size and aggregation as important considerations for farmland bird communities in winter in conjunction with the evidence that ecological groups and indices of avian biodiversity (e.g. species richness, Shannon index etc.) do not respond in the same way as individual species.
Habitat heterogeneity at a range of spatial scales is likely to have been adversely affected by the general process of intensification and specialisation within agricultural ecosystems in recent decades, and is evidently crucial in providing resources to the widest possible range of species throughout the year (Benton et al. 2003, Fahig et al. 2010). It has been proposed that enhancing the heterogeneity at spatial and temporal scales within agricultural landscapes might reverse observed declines in farmland biodiversity (Benton et al. 2003). The proposed reform to CAP relating to crop diversification aims to increase heterogeneity at the farm level and this requires farmers with greater than 3ha arable cropping to grow at least three different arable crop types, produce a maximum of 70% of any crop and a minimum 5% of any crop (European Commission 2011). However, there are two issues that need to be considered here; firstly agricultural efficiency and secondly the scale of implementation of policy and what is beneficial to biodiversity. This proposed measure may have the exact opposite effect intended since the average farm size in Ireland is 32.7 ha (DAFM 2012), for efficiency and reasons of economies of scale any cereal production may force many mixed farm enterprises into 100% grass production.
The results of the current study provide further evidence that habitat heterogeneity has a positive effect on winter bird communities when one considers the mixture of cropped habitats in the landscape within which the surveyed fields were embedded (CSO 2010). Although agricultural policy is implemented at the farm-scale, many farmland bird species operate at a larger scale implying that considerations for the cumulative effect must be incorporated into decision making i.e. that one action taken at farm level in a region may have limited effect on the landscape but if numerous farms take a similar action this can have a considerable influence on the configuration of the landscape. In developing and evaluating integrated policy it is important to ensure flexibility, so that universally implemented measures do not conflict with the context-dependant realities of agro-ecology at the local level (Purvis et al. 2009).
Initially, the benefits of the landscape within which the surveyed fields were embedded might appear less than obvious because grassland had greater numbers of birds than winter cereals. However, certain species that were only found in winter cereals, e.g. Golden Plover and Skylark, are species of conservation concern (Lynas et al. 2007). In addition, Yellowhammer, which is another species of conservation concern, is also linked to mixed grassland and cereal landscapes in Ireland (Crowe et al. 2010, CSO 2010). In Ireland it appears that the proposed crop diversification measure under the CAP reforms would further exacerbate landscape homogenisation and have a potentially serious negative effect on the farmland bird community because the interspersion of grassland and cereals is an important landscape feature for breeding and winter farmland birds (Robinson et al. 2001, Gillings et al. 2005). While there is a substantial amount of evidence that indicates the importance of habitat heterogeneity for protecting the integrity of farmland bird communities (McMahon et al. 2008, Pickett & Siriwardena 2011, Siriwardena et al. 2012), there are also strong indications that the species that have declined drastically over recent years are ground nesting species which require extensive homogeneous habitats (Bas et al. 2009, Pickett & Siriwardena 2011). It must be emphasised that what is good for overall avian biodiversity may not be what is required for species of conservation concern. 
The revisions of the CAP 2014 obviously must be applicable throughout the EU for it to have relevance at the desired scale. However, it is a vital consideration that policy must have flexibility within European regions (e.g. Ireland) because not employing this flexibility within a region could neutralise or unintentionally have the opposite of the desired effect e.g. crop diversification. Flexibility within a policy framework is what is required. In addition, production agriculture in Ireland is embedded in a landscape in which traditional hedgerows are prevalent, which in the south and east of the country averages 114m.ha-1 equivalent to almost 11.5 linear km.km-2, or nearly 9% of the average farm area (Sheridan et al. 2011). Whereas the proposed crop diversification measure is logical and relevant in extensive arable farming regions where considerable harm has been done by the widespread switch from spring to autumn-sown cereal cropping, such a narrowly focused measure makes little sense in a predominantly grass-based farming region like Ireland. In such regions, the main threat to farmland bird populations comes from changes in livestock farming practice (Purvis et al. 2011). In the case of Ireland, perhaps the greatest threat comes from the expected expansion of dairy production when European production quotas are lifted (DAFF 2010). As the input intensity of Irish dairy farming is likely to remain constrained by EU legislation, most notably the Nitrates (91/676/EEC) and Water Quality Directives (2000/60/EC), the envisaged future expansion of dairy production could only be achieved by an up-scaling of the currently small average farm size, and the maximisation of land use. The priority for the overall protection of bird and farmland biodiversity across Europe must be the implementation of measures directed at the conservation of the most locally relevant elements of landscape heterogeneity which is clearly not universally applicable across countries or regions (Báldi & Batáry 2011). Given the importance of grassland habitats in Europe, and in particular regions of Europe e.g. Ireland or the western UK, purely in terms of area, future research and policy must focus on the integrity of these habitats for biodiversity and agricultural production.
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Table 1. A list of all the species recorded during the surveys, the groups to which individual species were assigned and the cumulative abundance in grassland and winter cereal fields.

	Species 
	Bird Group
	Grassland
	Winter Cereals

	Sparrowhawk Accipiter niscus 
	-
	0
	1

	Buzzard Buteo buteo 
	-
	0
	3

	Merlin Falco columbarius 
	-
	1
	1

	Pheasant Phasianus colchicus 
	Omnivores
	1
	4

	Golden Plover Pluvialis apricari
     
	Invertebrate feeders
	0
	18

	Lapwing Vanellus vanellus 
	Farmland indicator, Invertebrate feeders
	0
	1

	Snipe Gallinago gallinago 
	Invertebrate feeders
	0
	2

	Stock dove Columba oenas 
	Farmland indicator, seed feeders, pigeons
	2
	0

	Woodpigeon Columba palumbus 
	Farmland indicator, seed feeders, pigeons
	52
	54

	Skylark Alauda arvensis 
	Farmland indicator, seed feeders
	0
	18

	Meadow pipit Anthus pratensis 
	Seed feeders
	1
	0

	Pied wagtail Motacilla alba 
	Invertebrate feeders
	1
	0

	Wren Troglodytes troglodytes 
	Invertebrate feeders
	23
	15

	Dunnock Prunella modularis 
	Invertebrate feeders
	7
	10

	Robin Erithacus rubecula 
	Invertebrate feeders
	58
	34

	Blackbird Turdus merula 
	Thrushes
	68
	69

	Fieldfare Turdus pilaris 
	Thrushes
	212
	32

	Song thrush Turdus philomelos 
	Thrushes
	20
	33

	Redwing Turdus iliacus 
	Thrushes
	242
	12

	Mistle thrush Turdus viscivorus 
	Thrushes
	1
	3

	Goldcrest Regulus regulus 
	Invertebrate feeders
	12
	12

	Long-tailed tit Aegithalos caudatus 
	Invertebrate feeders
	10
	0

	Coal tit Periparus ater
	Invertebrate feeders
	14
	11

	Blue tit Cyanistes caeruleus
	Invertebrate feeders
	27
	28

	Great tit Parus major
                                    
	Invertebrate feeders
	9
	1

	Treecreeper Certhia familiaris 
	Invertebrate feeders
	1
	1

	Magpie Pica pica
                                         
	Omnivores, crows
	4
	1

	Jackdaw Corvus monedula 
	Farmland indicator, omnivore, crows
	36
	8

	Rook Corvus frugilegus
                  
	Farmland indicator, omnivores, crows
	11
	50

	Hooded crow Corvus cornix 
	Omnivores, crows
	4
	0

	Starling Sturnus vulgaris 
	Farmland indicator, invertebrate feeders
	95
	0

	Chaffinch Fringilla coelebs 
	Seed feeders, granivores
	28
	35

	Greenfinch Carduelis chloris 
	Farmland indicator, seed feeders, granivores
	17
	0

	Goldfinch Carduelis carduelis 
	Farmland indicator, seed feeders, granivores
	5
	0

	Linnet Carduelis cannabina 
	Farmland indicator, seed feeders, granivores
	12
	2

	Redpoll Carduelis flammea 
	Seed feeders, granivores
	2
	0

	Bullfinch Pyrrhula pyrrhula
	Seed feeders
	0
	3

	Yellowhammer Emberiza citrinella 
	Farmland indicator, seed feeders, granivores
	8
	3

	Reed bunting Emberiza schoeniclus 
	Farmland indicators, seed feeders, granivores
	1
	1


Table 2. A list of the significant explanatory variables (centred field size, centred FBEGS, habitat) and the associated bird response variables with estimated bird response for grass and winter cereal field where significant, and for average field where not. Parameter estimates are back transformed from the log scale, except for Shannon which was estimated on the Normal scale. For field size and FBEGS, parameter estimates correspond to the increase in response for one unit increase in explanatory variable. *Indicates that negative binomial generalized linear models were fitted.

	Response Variable 
	Field size

(Parameter estimate 95%CI, χ2, P value)
	FBEGS

(Parameter estimate 95%CI, χ2, P value)
	Habitat

(χ2, P value)
	Grassland

(95%CI)
	Winter Cereal

(95%CI)

	Species richness
	1.42 (1.01; 1.99), 5.0, 0.025
	ns
	6.3, 0.012
	14.9 (12.2; 18.2)
	9.58 (7.55; 12.2)

	Abundance*
	ns
	1.12 (1.06; 1.18),

46.8, <0.001
	52.4, <0.001
	34.8 (22.3; 54.3)
	7.24 (4.31; 12.2)

	Shannon index
	3.66 (0.91; 6.40), 38.2, 0.010
	ns
	ns
	8.24 (6.60; 9.88)

	Simpson’s index
	1.49 (0.98; 2.27), 3.6, 0.059
	ns
	ns
	7.48 (6.29; 8.89)

	Farmland indicators*
	ns
	1.25 (1.09; 1.43),

28.3, 0.004
	27.2, 0.007
	12.3 (4.60; 32.8)
	0.94 (0.27; 3.27)

	Invertebrates*
	ns
	ns
	29.70 0.003
	9.21 (5.60; 15.15)
	2.53 (1.34; 4.80)

	Omnivores*
	ns
	ns
	ns
	1.72 (0.64; 4.61)

	Seed feeders*
	ns
	1.13 (1.05; 1.22), 34.8, 0.001
	28.7, 0.014
	5.14 (2.95; 8.94)
	1.54 (0.73; 3.25)

	Pigeons*
	ns
	1.21 (1.07; 1.38), 24.6, 0.003
	19.3, 0.042
	2.38 (0.97; 5.82)
	0.45 (0.13; 1.58)

	Thrushes*
	ns
	1.20 (1.10; 1.29), 192.6, <0.001
	233.3, <0.001
	21.6 (14.2; 32.9)
	1.25 (0.44; 3.55)

	Crows*
	ns
	ns
	ns
	1.61 (0.55; 4.73)

	Granivores*
	ns
	ns
	4.8, 0.029
	2.47 (1.48; 4.13)
	0.84 (0.40; 1.80)

	Woodpigeon*
	ns
	1.21 (1.07; 1.37), 25.4, 0.002
	19.0, 0.048
	2.16 (0.90; 5.18)
	0.46 (0.13; 1.55)

	Robin
	ns
	ns
	ns
	1.44 (0.98; 2.13)

	Blackbird
	ns
	ns
	ns
	2.00 (1.43; 2.79)

	Fieldfare*
	ns
	1.18 (1.00; 1.38), 21.6, 0.058
	27.2, 0.004
	5.85 (1.77; 19.3)
	0.40 (0.08; 1.96)

	Redwing*
	ns
	1.28 (1.17; 1.39) 107.7, <0.001
	161.7, <0.001
	8.87 (5.81; 13.6)
	0.05 (0.01; 0.35)

	Blue tit
	5.20 (1.25; 21.7), 5.5, 0.020
	ns
	ns
	0.69 (0.37; 1.27)

	Jackdaw*
	55.5 (3.88; 793), 14.3, 0.008
	ns
	ns
	0.26 (0.08; 0.88)

	Rook*
	ns
	ns
	ns
	0.83 (0.13; 5.36)

	Starling*
	ns
	ns
	ns
	1.33 (0.36; 4.95)

	Chaffinch
	ns
	ns
	ns
	0.94 (0.58; 1.53)
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