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Summary 

Capsule The Field Boundary Evaluation and Grading System (FBEGS) is a useful 

predictor of bird populations found in field boundaries located southeast Ireland. 

Aims To assess the potential of FBEGS to evaluate the ecological quality of field 

boundaries in agricultural ecosystems as a tool for the measurement of bird 

populations within field boundaries. 

Methods Surveys of bird populations were made in selected field boundaries on fifty 

farms in southeast Ireland in winter and breeding seasons. FBEGS surveys were also 

carried out on field boundaries to assess ecological quality. GLMs were fitted to 

assess the utility of the FBEGS index as a predictor of bird populations. 

Results The FBEGS index was an effective predictor of bird populations in the 

breeding season, but had limited use in predicting bird populations in winter. Within 

the overall FBEGS index, the Associated Features score was a good predictor for 

populations in both the winter and breeding seasons. In addition, the Boundary 

Structural score of the field boundary was also an accurate predictor of birds in the 

breeding season.  

Conclusion The FBEGS Index has high potential as a measure for routine tracking of 

the likely effects of ongoing change in the farmed landscape on bird populations. 
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INTRODUCTION 

Establishing robust relationships between habitats and biological communities is often 

the core of ecological studies. Modelling techniques are important tools to aid 

understanding of the relationship between birds and agricultural ecosystems (Ormerod 

& Wakinson 2000). MacArthur & MacArthur (1961) developed ground breaking 

techniques for predicting bird diversity using variation in habitat components within 

deciduous woodland. Chamberlain et al. 2004 and Petit et al. 2003 attempted to 

develop specific habitat species models for five species of specialist farmland birds, 

namely; Grey Partridge Perdix perdix, Sky Lark Alauda arvensis, Common Linnet 

Carduelis cannabina, Corn Bunting Emberiza calandra and Yellowhammer Emberiza 

citrinella. However, the evidence to date indicates that rule based predictive models 

are not viable alternatives to the actual monitoring of farmland bird populations. A 

fundamental understanding of the relationship between farmland birds and available 

resources remains an important objective for the formulation of conservation policy, 

especially with respect to the design of agri-environmental schemes (Grice et al. 

2004; Purvis et al. 2005). 

 

Field boundaries, including hedgerows, are an extremely important part of the semi-

natural habitat that remains available to birds within British and Irish farmed 

landscapes (Lack 1992). Hedgerows provide birds with nesting, roosting and foraging 

sites. Additionally, hedgerows provide cover from predators allowing movement 

locally and throughout the landscape (Hinsley & Bellamy 2000; Moles & Breen 1995; 

Osborne 1984). The importance of hedgerows for breeding bird populations within 

agricultural land is widely accepted (Moles & Breen 1995; Hinsley & Bellamy 2000).  

Resident and migrant bird species utilise hedgerows in the winter for physical shelter, 
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and as an important foraging habitat, often supplying berries and to lesser extent 

invertebrate food sources. A number of studies have examined the bird communities 

of field boundaries within Irish farmland (e.g. Lysaght 1989; Moles & Breen 1995; 

McMahon et al. 2005). These suggest that the bird communities of hedgerows, and 

indeed the wider farmed landscape within Ireland, appear to be dominated during the 

breeding season by five species originally associated woodland, namely; Winter Wren 

Troglodytes troglodytes, Robin Erithacus rubecula Common Blackbird Turdus 

merula, Chaffinch Fringilla coelebs and Hedge Accentor Prunella modularis (Feehan 

et al. 2002; Lysaght 1989). However, the ecology of birds within Irish farmland has 

not been studied in detail, particularly the winter farmland bird communities of 

hedgerows and field boundaries have not been examined in detail.  

 

Recently, a number of attempts to evaluate the wider ecological significance of field 

boundaries have been made. Accurate methods to evaluate the ecological quality of 

field boundaries can theoretically provide an efficient, surrogate means to monitor 

actual biodiversity levels, and a useful tool with which to assess the likely ecological 

significance of ongoing change in land management practice over time, and inform 

appropriate conservation management strategies (Collier & Feehan 2003; Faiers & 

Bailey 2005; McMahon et al. 2005). The Hedgerow Evaluation and Grading System 

(HEGS) was originally designed to evaluate the attributes of UK hedgerows 

(Clements & Tofts 1992). A variant of this methodology, the Field Boundary 

Evaluation and Grading System (FBEGS), was developed as an evaluation and 

grading system more appropriate to the particular characteristics of field boundaries 

(hedgerows and stone walls) in Ireland (Collier & Feehan 2003). Both these methods 

essentially integrate knowledge of ecological principles to quantify likely 



 5 

environmental value, but to-date no comprehensive assessment of their validity as true 

predictors of conservation value has been made, and they remain essentially 

conceptual tools for environmental evaluation. Accordingly, the aim of the current 

study, as part of the Ag-Biota Project (Purvis et al. 2005), was to investigate the 

potential utility of the FBEGS index, and the contribution of its component scores, in 

predicting Irish bird species richness and diversity in the southeast of the country 

during the winter and breeding seasons.  

METHODS 

Site selection 

Site selection was made with the assistance of the Teagasc National Farm Survey 

(NFS). The NFS collects farm statistics from a statistically representative sample of 

farms across the country (1,210 farms in 2003 representing almost 114,500 farms 

nationally), stratified regionally by farming type and size (Connolly et al. 2004). As 

grassland farming greatly predominates in Irish agriculture (Anon. 2008), a randomly 

selected sub-sample of 50, largely grassland farms located in the southeast counties of 

Ireland was drawn from the NFS database for this study.  

 

Bird and field boundary survey 

For the purpose of this study, a field boundary was defined as a permanent hedgerow, 

or a stonewall with homogenous management and/or orientation.  Each field boundary 

unit was defined by similar structural components or by particular management 

practices e.g. cutting every three to five years. Each field boundaries located at 

surveyed sites was assigned a number and one boundary per site was randomly 

selected to ensure complete independence in selection. Each selected field boundary 
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was surveyed for birds once in winter (December-February) 2005/2006, and once in 

the breeding season (April-July) 2006. During each survey, field boundaries were 

walked at a distance of approximately 1.5m from the field edge. The speed of walking 

depended on the number of birds present; however, due to the open nature of the 

farmland habitats a standard overall speed of 2km per hour was generally observed 

(Bibby et al. 2000). Bird presence and abundance was recorded using both visual and 

aural methods. In winter, surveys were carried out at least one hour after dawn, and at 

least one hour before dusk. During the breeding season, the latest starting time was 

07.00hrs and surveys were completed by 10.00hrs. As extreme weather affects bird 

activity and observer accuracy (Bibby et al. 2000), wind speed and weather conditions 

were recorded and no surveys were made during persistent, heavy rain, or when wind 

speeds exceeded Beaufort scale 4. The number and abundance of bird species 

observed in the surveyed field boundaries including raptors seen hunting overhead 

were recorded directly onto site maps. Other species flying overhead, but not making 

direct use of the surveyed boundaries, were not counted. Double-counting was 

minimised by the observer taking into consideration birds that were flushed to other 

parts of the boundary during the survey (McMahon et al. 2005).  

 

In order to evaluate their ecological quality, an FBEGS survey was carried out on all 

surveyed boundaries between April and July 2006. Each field boundary was walked 

and the necessary observations made to calculate individual 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 (Collier & Feehan 2003). 
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The FBEGS component score for Boundary Structure includes quantification of 

boundary height, width, cross-section and tree number. Each of these attributes was 

scored from one to five and the cumulative score combined to give a total Boundary 

Structure score. The FBEGS component score for Associated Features includes 

quantification of the presence of earth banks, drainage ditches, uncultivated/ungrazed 

field margins and the nature of agricultural or other activities, either side of the 

boundary. Again each of these attributes was scored from one to five and the 

cumulative score combined to give the total Associated Features score. The 

component score for Boundary Connectivity includes quantification of the degree of 

‘gappiness’ (the percentage of breaks in the field boundary), and linear connectivity to 

other habitats (such as woodland). The total cumulative Boundary Connectivity score 

was calculated by summation of the individual scores expressed on a scale of one to 

five. Botanical Diversity was similarly scored by summation of the individual scores 

for native and non-native shrub species present in the boundary. The combined score 

was the total diversity score. An overall Boundary Type score was calculated on the 

basis of individual scores for cross-sectional shape, directional (ordinal) orientation 

and slope, all individually expressed on a scale of one to five. The cumulative score of 

Boundary Structure, Associated Features, Boundary Connectivity, Boundary diversity 

and overall Boundary Type was aggregated to produce a total FBEGS index for each 

selected field boundary. More precise guidance on the calculation of the FBEGS 

Index and explanation its underlying ecological assumptions are provided by Collier 

& Feehan (2003). No alterations (e.g. hedge cutting) in the surveyed field boundaries 

were noted between bird surveys and subsequent FBEGS surveys.  
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Statistical analysis 

Bird statistics, including total bird abundance, species richness and the Shannon index 

for bird species, were calculated separately for the winter and breeding surveys of 

each field boundary. In addition, these statistics were calculated separately for 1) 

habitat generalists, and 2) farmland indicator species using the British Trust for 

Ornithology’s separate classification of these groups (BTO 2007).  

 

Generalized Linear Models (GLMs) were fitted to investigate the relationships 

between bird statistics (response variables) and FBEGS measures (explanatory 

variables). Where the response variable was a numerical count, i.e. species richness or 

abundance, models were fitted assuming a Poisson distribution with a log link. GLMs 

assuming a normal data distribution were used for Shannon indices. 

 

In an initial series of GLMs, a Total FBEGS Model was created in which full FBEGS 

indices and date of bird survey were tested as explanatory variables for bird statistics. 

In a subsequent series of GLM analyses, FBEGS Component Models were created in 

which the individual FBEGS scores for Boundary Structure, Associated Features, 

Boundary Connectivity, Botanical Diversity and Boundary Type, in addition to the 

sample date, field boundary length was included as an explanatory terms in initially 

maximal models, which were subsequently refined using the Akaike Information 

Criterion (AIC) (Akaike 1974). AIC is a likelihood-based measure of model fit that 

takes into account the number of predictor parameters used. The smaller an AIC 

statistic is for a particular model, the better that model describes the data. Explanatory 

variables that were found to be non-significant (P > 0.05), or that failed to lower the 

AIC statistic, were sequentially removed in a systematic process of refinement to 
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identify the ‘best-fitting’ FBEGS Component Model with the smallest number of 

necessary terms. The fit of the model to the data was assessed by the ratio of residual 

deviance divided by degrees of freedom. Ratios close to one suggest that the model 

provides a good fit to the data (Crawley, 2007). If the ratio is substantially greater 

than one this suggests that the data are overdispersed and that the power of the model 

to describe the data is weak (Crawly, 2007). In addition, the percentage deviance 

explained by the model was calculated. All analyses were carried out using R (R 

Development Core Team 2007).  

RESULTS 

A total of 31 bird species was recorded throughout the entire study. Of these, 24 

species amongst a total of 537 individuals were recorded in winter surveys, and 26 

species were recorded in the breeding season amongst a total of 254 observed 

individuals. The total list of species, their recorded abundances in each season and 

their habitat classification (following BTO 2007) is presented in Table 1. The mean 

length (± SD) of the field boundaries surveyed was 231 ± 111m and a total of 11528m 

were surveyed. 

 

Insert Table 1. 

 

A summary of significant variables identified in the analyses procedure (P ≤ 0.05) is 

presented in Table 2. Sampling date was not identified as a significant term in any of 

the tested models.  

 

Insert Table 2. 
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Winter bird  

In the initial GLM analyses, the total FBEGS index was found to have a marginally 

significant relationship with the Shannon Index for all bird species observed during 

winter surveys (Table 2). In contrast, the total FBEGS Index was not a useful 

explanatory variable of any other tested winter bird statistic. Field boundary length 

was a significant explanatory variable for species richness and species richness of 

habitat generalists in winter (Table 2).  Through the process of refining initial 

maximal models for FBEGS component scores, the Associated Features score was 

also found to have a significant relationship with total bird species richness in winter 

(Fig. 1a), the Shannon Index for winter birds (Fig.1b) and species richness of habitat 

generalists (Table 2). 

 

Insert Fig 1. 

 

Breeding birds 

The total FBEGS Index was found to be a much more effective explanatory variable 

for observed bird statistics in the breeding season (Table 2.)  The relationship between 

the overall FBEGS Index and the total breeding bird species richness and breeding 

abundance are illustrated in Fig. 3. Surveyed boundary Length was also a significant 

explanatory variable in models for total breeding bird abundance and abundance of 

farmland indicators (Table3). 

 

Insert Fig 2. 
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The minimal FBEGS components models for breeding bird statistics generally 

contained a greater number of significant terms than their winter season equivalents. 

Both the Boundary Structure and Associated Features scores were significant terms in 

most of the tested models, with the exception of those for statistics related to farmland 

indicators, which only included Boundary Structure (Table 2). In minimum FBEGS 

component models for breeding season data, the Boundary Structure score was 

consistently more significant term, compared to Associated Features score.  

 

In contrast to models fitted to winter bird statistics, the total FBEGS index models for 

breeding season data provided a more accurate estimate of bird population statistics 

than equivalent FBEGS component models. The Total FBEGS Index showed 

significant relationships with all breeding bird population statistics (Table2). 

 

DISCUSSION 

This study has demonstrated clear and strong links between FBEGS-based field 

boundary scores and bird population statistics, most particularly in the breeding 

season. This finding endorses earlier conclusions from a much smaller initial study by 

McMahon et al. (2005). For breeding season data, the predictive performance of 

models using the total FBEGS Index was generally superior to the performance of 

minimally complex models constructed using separate FBEGS component scores. In 

the latter, the Boundary Structure and Associated Features scores were generally 

found to be the most significant terms.  

 

The importance of structural attributes, such as boundary height, width and tree 

number, for breeding birds has previously been recognised (Arnold 1983; MacDonald 
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& Johnson 1995; Moles & Breen 1995). However, the current study is the first 

demonstration of the actual, as opposed to theoretical, importance of associated 

feature attributes, such as connectivity to other habitats and botanical hedgerow 

diversity, to bird populations in Irish farmland.  

 

The superior performance of the breeding season models using the full FBEGS Index 

suggests that there is a synergistic influence between component scores, such that the 

overall Index provides an ecologically meaningful integration of the field boundary 

features most relevant to breeding bird populations. Our study suggests that the likely 

long-term effects of changing field boundary management on breeding bird 

populations can best be quantified using the total FBEGS Index; for which our data 

reveal that a  5 unit increase in the FBEGS Index indicates a 30% increase in the total 

breeding bird species richness.  

 

In contrast, the relationship between the total FBEGS Index and winter bird 

population statistics was much more tenuous, with a marginally significant 

relationship found for only the Shannon diversity index for all winter bird species. 

This seems to confirm the suggestion that overall field boundary attributes may have a 

more important influence on bird communities during the breeding season than in the 

winter season (Moles & Breen 1995). However, the FBEGS component score models, 

consistently suggested that the Associated Features score had a consistently 

significant relationship with winter bird population statistics. This score incorporates 

information regarding the presence of physical boundary features, e.g. earth banks, 

drainage ditches, field margin and land use directly adjacent to the field boundary. 

The presence of drainage ditches and variation in surrounding land use, have been 
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previously highlighted as important hedgerow components with respect to winter bird 

numbers (Moles & Breen 1995). The current study suggests that physical shelter, 

combined with local feeding opportunities, may be highly important for over-

wintering bird populations. Our study also suggests that the likely long term effects of 

changing hedgerow management on winter bird populations can best be quantified 

using the Associated Features component score of FBEGS Index; whereby a 5 unit 

increase in the Associated Features score indicates a 44% increase in total species 

richness in the winter season. 

 

It would appear that the strong predictive power of the FBEGS Index and FBEGS 

component scores applies to all breeding bird population statistics. This is very 

progressive since previous efforts to predict farmland specialists, i.e. farmland 

indicator species, have failed. For example, studies by Chamberlain et al. (2004) and 

Petit et al. (2003) indicated that rule-based models were poor predictors of 

populations within agricultural ecosystems in the UK. These studies focused on five 

individual farmland bird specialists. The results of the current study suggest however, 

that it is possible to develop such a tool that incorporated the majority of species that 

occur in agro-ecosystems.  

 

The current study also indicates that while no single hedgerow feature (shape, size, 

shrub species, etc.), can be optimised for the conservation of all bird species, it is 

possible to improve overall field boundary management by considering the varying 

ecological needs of different species (Hinsley & Bellamy 2000). Although individual 

components of the FBEGS Index are clearly important, it appears there is a synergy 

expressed in the cumulative FBEGS Index, at least for breeding season populations. 
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This implies that the FBEGS Index usefully integrates a wide range of ecologically 

relevant field boundary attributes to create a powerful tool for assessment of the likely 

influence of longer-term landscape change on bird populations in Irish farmland. 

 

A possible problem with the FBEGS index methodology is that similar overall 

FBEGS scores can arise from the aggregation of quite different component scores. It 

is therefore desirable that further research quantifying the relative importance of 

different Index components, thereby enabling a refined, and perhaps weighted Index 

to be developed (see Purvis et al. 2009). In addition, a method such as FBEGS must 

be put in perspective particularly when one is developing a method that deals with 

specific species, especially a species of conservation concern (McMahon & Whelan 

2006). 

 

Agri-environmental policy makers are most often interested in questions of general 

applicability, rather than more focused ones. However, generalised questions are 

invariably more difficult, and it has been suggested that they may be more easily 

answered by addressing a number of narrower ones (Sutherland et al. 2006). The 

FBEGS Index appears to provide an ideal means to evaluate at least one important 

dimension of the more general question relating to the influence of agriculture on bird 

diversity in the Irish countryside. It could potentially provide policy makers with a 

cost effective means to demonstrate the likely benefits of the Irish Rural 

Environmental Protection Scheme (REPS) in conserving bird diversity. The FBEGS 

methodology could, potentially, be applied to the evaluation of European agri-

environmental schemes in other landscapes similar to Ireland’s with its extensive 
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network of hedgerow field boundaries, e.g.  The Environmental Stewardship Scheme 

in England.  
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Table 1. The total list of bird species observed in the winter and breeding seasons in surveys and their abundance within all the  

field boundaries on 50 grass-based farms in SE Ireland. Habitat classification follows BTO (2007). 

Species Habitat classification Abundance in the 
winter season 

Abundance in the 
breeding season 

Merlin Falco columbarius Habitat generalist 1 0 

Common  Pheasant Phasianus colchicus Habitat generalist 2 0 

Common Wood Pigeon Columba palumbus Farmland indicator 41 33 

Winter Wren Troglodytes troglodytes  Habitat generalist 30 40 

Hedge Accentor Prunella modularis  Habitat generalist 15 12 

European Robin Erithacus rubecula  Habitat generalist 26 18 

Common Blackbird Turdus merula  Habitat generalist 60 39 

Fieldfare Turdus pilaris  Habitat generalist 71 0 

Song Thrush Turdus philomelos  Habitat generalist 22 9 

Redwing Turdus iliacus  Habitat generalist 119 0 

Common Whitethroat Sylvia communis Farmland indicator 0 1 

Blackcap Sylvia atricapilla Habitat generalist 0 2 

Willow Warbler Phylloscopus trochilus  Habitat generalist 0 2 

Goldcrest Regulus regulus  Habitat generalist 6 7 

Coal Tit Periparus  ater  Habitat generalist 6 5 

Blue Tit Cyanistes caeruleus  Habitat generalist 9 12 

Great Tit Parus major                                      Habitat generalist 9 4 

Black-billed Magpie Pica pica                                           Habitat generalist 2 7 

Eurasian Jackdaw Corvus monedula  Farmland indicator 0 2 

Rook Corvus frugilegus                    Farmland indicator 0 20 

Hooded Crow Corvus corone cornix  Habitat generalist 0 1 

Common Starling Sturnus vulgaris  Farmland indicator 5 2 

House Sparrow Passer domesticus  Habitat generalist 10 6 

Eurasian Tree Sparrow Passer montanus  Farmland indicator 2 0 

Chaffinch Fringilla coelebs  Habitat generalist 78 18 

European Greenfinch Carduelis chloris  Farmland indicator 2 1 

European Goldfinch Carduelis carduelis  Farmland indicator 3 3 

Common Linnet Carduelis cannabina  Farmland indicator 0 2 

Common Bullfinch Pyrrhula pyrrhula Habitat generalist 6 4 

Yellowhammer Emberiza citrinella  Farmland indicator 11 2 

Reed Bunting Emberiza schoeniclus  Farmland indicator 1 1 

 

 

 

 

 

 

 

 

 

 

 



 20 

Table 2. Summary of significant Generalized Linear Models quantifying the relationship between measures of bird diversity in 1 
winter and breeding season surveys (response variable) and FBEGS statistics (explanatory variable). 2 
Response variable Explanatory variable % deviance 

explained 
Test 

Winter bird species 
richness 

Length                      63 Z1,48 = 2.91, P < 0.01 

Winter Shannon 
Index 

FBEGS Index                      15 t1,48 = 2.01, P = 0.05 

Winter species 
richness of habitat 
generalists 

Length  61 Z1,48 = 3.07, P < 0.01 

Winter bird species 
richness 

Associated Features                    21 Z1,47 = 2.34, P < 0.05                     

Winter Shannon 
Index 

Associated Features                    25 Z1,47 = 2.47, P < 0.05                

Winter species 
richness of habitat 
generalists 

Associated Features                    23 Z1,47 = 2.27, P < 0.05           

Breeding bird species 
richness 

FBEGS Index                      52 Z1,48 = 5.71, P < 0.001 

Breeding Shannon 
Index 

FBEGS Index                      55 t1,48 = 7.19, P < 0.001 

Total abundance of 
breeding birds 

FBEGS Index                     
Length                     

67 Z1,47 = 9.05, P < 0.001                    
Z1,47 = 3.29, P < 0.001 

Breeding species 
richness of farmland 
indicators 

FBEGS Index                      10 Z1,48 = 2.41, P < 0.05 

Abundance of 
breeding farmland 
indicators 

FBEGS Index                     
Length                 

37 Z1,47 = 6.20, P < 0.001 
Z1,47 = 4.46, P < 0.001 

Breeding species 
richness of habitat 
generalists 

FBEGS Index                      34 Z1,48 = 5.53, P < 0.001 

Abundance of 
breeding habitat 
generalists 

FBEGS Index                      57 Z1,48 = 8.83, P < 0.001 

Breeding bird species 
richness 

Boundary Structure                   
Associated Features                    

63 Z1,47 = 4.38, P < 0.001 
Z1,47 = 2.50, P < 0.05 

Breeding Shannon 
Index 

Boundary Structure                   
Associated Features                    

65  t1,47 = 5.94, P < 0.001 
t1,47 = 3.35, P < 0.01 

Total abundance of 
breeding birds 

Boundary Structure                                 
Associated Features                    

92 Z1,47 = 8.11, P < 0.001 
Z1,47 = 3.20, P < 0.01 

Breeding species 
richness of farmland 
indicators 

Boundary Structure                   
              
 

18 Z1,48 = 2.90, P < 0.01 
 

Abundance of 
breeding farmland 
indicators 

Boundary Structure                   
 

40 Z1,48 = 7.24, P < 0.001 
 

Breeding species 
richness of habitat 
generalists 

Boundary Structure                                   
Associated Features                    

54 Z1,47 = 4.01, P < 0.001 
Z1,47 = 2.53, P < 0.05 

Abundance of 
breeding habitat 
generalists 

Boundary Structure                                 
Associated Features                    

58 Z1,47 = 6.80, P < 0.001 
Z1,47 = 2.93, P < 0.01 
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Figure 1. Relationships between Associated Features component of the FBEGS Index and a) the winter 

bird species richness and b) the Shannon Index for winter birds. 
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Figure 2. Relationships between the FBEGS Index and a) total breeding bird species richness and b) 

the total abundance of breeding birds. 
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Figure 3.  The frequency distribution of: a) FBEGS Index values, b) Structural scores and c) Associated 

Features scores: observed values of both the FBEGS Index and the Associated Features score are 

normally distributed with an obvious mean value, while the Structural component score is more evenly 

distributed with no obvious mean.  

 

 


