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Executive summary 
Hedgerows define the landscape character of much of the UK, and provide important 
habitats for a wide range of native plant and animal species. A significant element is 
the herbaceous flora which grows alongside and under the hedge itself and its 
condition is a UK Biodiversity Indicator for achieving European and UN biodiversity 
targets. However, there has been a decline in species diversity over the last 20 
years, probably a consequence of close cultivation, fertiliser, pesticides, intensive 
grazing or lack of management. The Hedgerow Habitat Action Plan includes targets 
to halt and reverse this decline. Restoration of hedgerow herbaceous flora is 
challenging, given the complexity of hedgerow habitats and the limited amount of 
research work done to date. This project aims to improve understanding of the 
ecological characteristics of this vegetation and potential management techniques. 
The specific project objectives as defined by Defra on behalf of Hedgelink were: 
 

1. To obtain existing data sets containing information on the herbaceous flora of 
the UK’s hedgerows and assemble information on functional attributes of 
component species from existing reference sources. 

2. To characterize the UK’s herbaceous hedgerow flora using these existing 
flora data sets into practical groups that can be used in objective setting, 
planning and implementation of restoration projects. 

3. To search for existing soils information relating to hedgerow plants or groups. 
4. To review available information on the effects of hedgerow management on 

the herbaceous flora. 
5. To review and summarize potential restoration techniques relevant to the 

herbaceous hedgerow flora, including other comparable habitats. 
6. To estimate likely timescales for restoration based on technique and 

ecological constraints. 
7. To develop a framework for representative sampling of hedgerow flora groups 

and their soils and management, and provide recommended sample sizes. 
 
Data on the herbaceous flora were obtained from hedgerows that had been surveyed 
in 1990, 1998 and 2007 as part of the Great Britain Countryside Survey. Data were 
also obtained from local hedgerow surveys after screening for quality against a set of 
standard criteria. In total, data on plant species from 4147 vegetation quadrats were 
obtained. Cluster analysis was then used to produce a classification of the 
herbaceous flora according to the characteristics of the plant species present, 
including their habitat and environmental preferences, grazing tolerance and life 
histories.  
 
Thirteen clusters were identified and those having similar objectives and strategies 
for restoration were combined to provide six distinct groups: 



 6

 
Group Clusters Objectives 
Woodland Herbs Typical Woodland 

Alkaline Woodland 
Woodland and Grassland 

Maintain woodland element; reduce 
competitive woodland species if 
dominant. 

Species-rich or Semi-
improved Grassland 

Mesotrophic Grassland 
Acidic Grassland 

Maintain or increase diversity of 
grassland element and retain any 
woodland element. 

Rank Grassy Vegetation Closed Grassland 
Closed Arable 
General Closed 

Reduce nutrient status and increase 
incidence of woodland and grassland 
forbs. 

Species-poor Pasture Disturbed Grassland Re-establish perennial vegetation 
containing common grassland and 
woodland forb species. 

Disturbed Arable Disturbed Arable 
Intermediate Arable 
Arable Complex 

Re-establish perennial vegetation. 

Sparse Vegetation in 
Shade 

Typical Sparse Re-establish woodland vegetation if 
none present. 

 
Species associated with boundary habitats, nutrient enrichment, disturbance or lack 
of management were prevalent in most clusters but each also contained a wide 
range of species reflecting the heterogeneous structure of the hedge base and 
variation between individual sites. 
 
A review of scientific literature, reports and case studies only revealed a small 
amount of information on restoration of herbaceous hedgerow flora and very little on 
soil properties of hedges. However, practices relating to hedge and woodland 
management and the restoration of woodland, grassland and field margins have 
been better researched and much of this information is relevant.  
 
Provisional guidelines for field recognition of the six groups have been produced, 
along with preliminary recommendations for restoration, based partly on information 
available for other habitats. Specific data on soil properties of hedges are lacking 
although some inferences can be made from soil surveys of habitats associated with 
the same plant communities. The species composition suggests relatively high 
fertility at most sites, which will present a major challenge for restoration. Some 
amendment of a degraded herbaceous flora should be possible within 2-5 years but 
reversion to the target vegetation is likely to take more than ten years. 
 
It is recommended that a programme of soil and vegetation sampling is undertaken 
to determine the variation in soil properties at hedgerow sites and to this end a 
sampling strategy based on broad habitat occurrence in 1km sample squares is 
proposed. A sample size of 100 quadrats per cluster group is recommended. The 
field recognition guidelines also need to be tested in practice and specific research is 
needed to test the options for restoration. There is also a need to identify a 
comprehensive suite of attributes and targets to determine favourable condition of 
hedgerow herbaceous flora. 
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1. Introduction 
Hedgerows are an essential part of the landscape character of much of the UK, and 
enhance biodiversity in agricultural areas by providing important semi-natural 
habitats for a wide range of native plant and animal species (Bealey et al., 2009). 
The importance of hedgerows has been recognised by the protection given in 
England and Wales by the Hedgerows Regulations 1997, and the designation of 
hedgerows as a Priority Habitat under the UK Biodiversity Action Plan.  
 
A significant element of the biodiversity value of hedgerows is the herbaceous flora 
which grows under the woody shrubs and trees of the hedge itself and on adjacent 
features influenced by the presence of the hedge, including banks, ditches and 
verges. This flora is of conservation value in its own right but also provides foraging 
resources and shelter for fauna, including invertebrates, birds and mammals. The 
condition of the hedgerow ground flora is a UK Biodiversity Indicator for achieving 
European and UN targets (Defra, 2007a). Favourable condition attributes for hedges 
include the width of undisturbed and perennial herbaceous vegetation in the hedge 
base and a limit on the cover of plant species indicative of eutrophication. However, 
Countryside Survey (CS) data have shown a decline in the species diversity of this 
herbaceous flora over the last 20 years, and an increase in competitive species and 
those associated with high soil fertility and lower light levels (Carey et al., 2008). This 
decline is thought to be a consequence of close cultivation, fertiliser enrichment and 
drift, inappropriate application of pesticides, intensive grazing or lack of management 
of the basal flora or the hedge itself.  
 
The Hedgerow Habitat Action Plan includes a target to halt further decline in 
herbaceous hedgerow flora by 2010 and reverse the trend by 2015. In 2005 the 
Single Payment Scheme (SPS) was introduced as part of the reform of the Common 
Agricultural Policy and the cross-compliance rules of this scheme require the 
establishment of protective zones for hedgerows in some UK countries. No 
cultivation or application of fertilisers, manures or pesticides are allowed on land 
within 2 metres of the centre of the hedgerow. The widespread SPS cross-
compliance protection zones and the more limited creation of buffer strips under the 
voluntary agri-environment schemes should contribute to halting the decline. 
However, the restoration of hedgerow flora needed to reverse the trend is a greater 
challenge, given the complexity of hedgerow habitats, the variation in their flora and 
the limited work that has been carried out to understand and develop restoration 
strategies. An earlier analysis of data from Countryside Survey showed that the 
species composition of the hedgerow basal flora was influenced more by adjacent 
land use than the hedge itself (French & Cummins, 2001), suggesting that a major 
change in management of the hedge base might be needed for successful 
restoration of degraded sites. 
 
This project aims to address the need for a better understanding of the ecological 
characteristics of the hedgerow herbaceous flora, and of the likely responses to 
potential management techniques. The specific project objectives as defined by 
Defra were: 
 

1. To obtain existing data sets containing information on the herbaceous flora of 
the UK’s hedgerows and assemble information on functional attributes of 
component species from existing reference sources. 
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2. To characterize the UK’s herbaceous hedgerow flora using these existing 
flora data sets into practical groups that can be used in objective setting, 
planning and implementation of restoration projects. 

 
3. To search for existing soils information relating to hedgerow plants or groups. 

 
4. To review available information on the effects of hedgerow management on 

the herbaceous flora. 
 

5. To review and summarize potential restoration techniques relevant to the 
herbaceous hedgerow flora, including other comparable habitats. 

 
6. To estimate likely timescales for restoration based on technique and 

ecological constraints. 
 

7. To develop a framework for representative sampling of hedgerow flora groups 
and their soils and management, and provide recommended sample sizes. 

 
To meet these objectives, data were obtained from hedgerow plots from Countryside 
Survey and from local surveys, and practical groups were identified by applying 
cluster analysis to attributes of the component plant species. Provisional 
recommendations have been made for restoration of the herbaceous hedgerow flora 
based on evidence from the published literature and case studies. Future research 
needs have been identified including a sampling strategy designed to ensure 
adequate representation of the different types of flora identified. 

2. Datasets 

Countryside Survey 
Countryside Survey (CS) is an established series of surveys of the habitats and 
vegetation of Great Britain, developed as a means of evaluating stock, quality and 
change in land cover and biodiversity. The first stratified random survey of 1km 
sample squares was conducted in 1978. Subsequent surveys were carried out in 
1984, 1990, 1998 and 2007, with original sample locations revisited to enable 
analyses of change. The scope and sample size of the survey has progressively 
increased, with more sample squares added and more parameters measured each 
time. The results of CS are used to help form policies that influence the management 
of the countryside. 
 
The 1km sample squares in CS are stratified to provide a statistical representation of 
all major habitats in Great Britain, based on the Institute of Terrestrial Ecology (ITE) 
Land Classification of GB. The location of these 1km squares is kept confidential to 
avoid any deliberate influences on their features. Within each 1km square, the 
following data are collected by trained field surveyors; 
 

♦ Mapping of Broad and Priority habitats, linear and point features 
♦ Vegetation to species level in plots of various types (average 29 per square) 
♦ Measurements and samples from streams and ponds 
♦ Soil samples 
♦ Geo-referenced photographs of plots 
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Vegetation plots 
For the purposes of this project, data from Hedgerow plots (H plots) and Boundary 
plots (B plots) associated with hedgerows were collated. CS defines a hedgerow as 
‘A more or less continuous line of woody vegetation (no gaps at the bottom) that is or 
has recently been subject to a regime of cutting’ (Barr & Gillespie, 2000; Petit et al., 
2003). Data from H plots and B plots have been collected with consistent 
methodology since the 1990 survey (Firbank et al., 2003), therefore data from 1990, 
1998 and 2007 were used (and 1978 data omitted). 
 
The condition of vegetation associated with hedgerows is measured in CS using 10m 
x 1m H plots and B plots (where the boundary type closest to the plot is a hedgerow). 
These plots are positioned alongside hedgerows so that one side of the plot is as 
close as possible to the centre of the hedgerow, in order to sample vegetation along 
the hedge base (Countryside Survey: UK results from 2007). 

Broad Habitats 
The broad habitat in the locality of each vegetation plot is recorded as part of CS, 
and this was made available to us as a measure of land cover type adjacent to the 
hedgerow. 

Local Surveys: Defra methodology 
Local surveys are a valuable source of information on the diversity and state of the 
UK’s hedgerows and their associated ground flora, particularly when carried out 
using standard methodology. ‘Hedgelink’ (www.hedgelink.org.uk) is the partnership 
of both governmental and non-governmental organisations that leads the delivery of 
the UK Hedgerow Habitat Action Plan (HAP). The Hedgelink partnership has 
encouraged and supported research and survey work relating to hedgerows in recent 
years, and continues to promote new surveys using the standard Defra methodology 
(Defra, 2007b). The use of a standard method, along with a standard database 
updated by Hedgelink, makes it much easier to compare results from different parts 
of the British Isles and to monitor change when repeat surveys are carried out on the 
same hedgerows. Hedgelink also recently commissioned a survey of surveys (Barr, 
2009), which used a questionnaire to collate information on the local surveys that 
have already been done, their methodology, the data they collected, and their scope. 
This review was the starting point for identifying suitable datasets for this project, 
along with a detailed review of local surveys sponsored by Defra (Wolton, 2010). 
Defra grant-aided surveys by year (2006-2008) are listed on the Hedgelink website. 
 
As far as possible, local survey datasets were selected for potential inclusion in the 
project database if they followed standard methodology for the collection of ground 
flora and other data as detailed in the 2nd edition of the Hedgerow Survey Handbook 
(Defra, 2007b). The recording of ground flora and elements of hedgerow 
management are optional assessments in the Handbook, therefore not all local 
surveys undertaken using this methodology will record ground flora. 
 
The Defra methodology for recording ground flora is as follows. The ground flora 
should be sampled using two quadrats measuring 2m x 1m, which should be 
positioned at 10m and 20m along the 30m hedgerow survey length. Ground flora 
influenced by the hedgerow rather than by the adjoining land use should be 
recorded. One quadrat (Q1) should be placed under the canopy as close to the 
woody stems as possible, and the other (Q2) can be used to record variation in the 
ground flora at the edge of the woody canopy or on the bank. The position of each 
quadrat should be recorded as under canopy; on a bank; on a verge; or at the field 
edge as appropriate. The percentage of bare ground should be recorded, and each 

http://www.hedgelink.org.uk/�
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species present should be assigned a percentage cover to the nearest 5% (or 1% if 
less than 5%). 
 
Hedgerow management is recorded in three parts. The first relates to management 
of the hedgerow itself, and all categories of hedgerow management on the survey 
form that are evident should be recorded. These include laying, coppicing, flailing 
and trimming. Each management type in evidence should be categorised as either 
very recent (within past 2 years), recent (2-10 years) or older. The second part in the 
management section relates to hedge-bottom management, which could include 
mowing, herbicide application and cultivation. The third part relates to the 
management of the margin/headland, including cutting and grazing. 
 
Surveys undertaken using the standard methodology should always include records 
of adjacent land-use, as this is part of the essential assessment. A range of options 
for land use either side of the hedgerow is provided on the survey form. 

Local Surveys: ESAs/CSS 
Environmentally Sensitive Areas (ESAs) and the Countryside Stewardship Scheme 
(CSS) were the main agri-environment schemes in England prior to the introduction 
of Environmental Stewardship in 2004. A survey of hedgerow management and 
restoration in seven ESAs (Blackdown Hills, Clun, Cotswold Hills, Exmoor, Lake 
District, Shropshire Hills and Suffolk River Valleys) and CSS was undertaken on a 
regional basis in the summer periods of 2002 and 2003 (Bickmore, 2004a,b). 
 
ESA agreements were selected from those with a hedgerow restoration element 
made during 1993-2002. CSS agreements made over the period 1998-2000 were 
stratified by Government Office Region and the year the agreement commenced. 
Within each agreement, the aim was to survey eight hedges, the majority of which 
were subject to scheme-funded management. The survey followed the standard 
methodology at that time (Bickmore, 2002). Hedgerow ground flora were measured 
within two 1m x 2m quadrats within a 30m sample section of the hedgerow, placed 
as much under the canopy as possible. The percentage cover of species was 
recorded using the Domin scale. Adjacent land use was recorded using Phase 1 
definitions, and recent (<10 years) and older management features were assessed. 

Procedure for sourcing datasets 

Countryside Survey 
Countryside Survey data for all H plots in Great Britain and all B plots associated with 
hedgerows were obtained directly from CEH for the CS years 1990, 1998 and 2007. 
A 10km grid reference was provided for each survey square (Figure 1), as was the 
broad habitat adjacent to the vegetation plot. 
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Figure 1. Location of 10km squares containing hedge and boundary plots from 
Countryside Survey. 

Local Surveys 
The hedgerows survey review by Barr Ecology for Defra (2009) and the review by R. 
Wolton (2010) provided a starting point for an assessment of the suitability of local 
hedgerow surveys for use in this project. Among the data gathered as part of the 
questionnaire and review process were: (i) whether or not ground flora data had been 
collected as part of the survey; (ii) whether or not the survey had followed Defra 
standard methodology; (iii) the scope of the survey (geographical and sample size); 
and (iv) the contact details of the survey coordinator.  
 
The coordinators of surveys that were listed as having recorded ground flora and 
followed Defra methodology or similar were contacted via email. Initial contact 
provided the survey coordinator with a background to the project and a request for 
the final report and the raw data. If no reply was received within two weeks, a follow-
up email or phone call was made. Raw data from surveys were only obtained if it was 
already in electronic form. Data from the ESA and CSS surveys (Bickmore, 2004a, b) 
were provided by Natural England. 
 
From the survey datasets available, data quality was assessed by calculating the 
following summary statistics: 
 

• The proportion of ground flora plants identified to a full species level 
• The proportion of quadrats with a measure of species cover available 
• The total number of ground flora species recorded 
• The proportion of plots with adjacent land use recorded 
• The proportion of plots with recent management recorded 
• The proportion of plots with hedgerow structure recorded 
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The summary statistics for each survey were then assessed individually to determine 
its suitability for inclusion in the project. An additional requirement for inclusion was 
that the standard Defra methodology (or equivalent) must have been used to ensure 
that the sampling strategy and the quadrat size were comparable between surveys. 

Datasets selected 
Of 28 local surveys for which data were requested, replies were obtained for 25. 
Details of all the surveys from which data were requested, along with the reason for 
non-inclusion if applicable, are provided in Appendix 1. Five of these did not have 
data available electronically and could therefore not be used. Two (South Devon 
AONB and Chilterns) provided data much later in the project, and were therefore not 
included in the analysis.  
 
Any local survey datasets that recorded too few ground flora species (less than 50), 
or did not include a measure of the abundance of each species within the quadrat 
were excluded (n=4). A number of surveys did not record ground flora to a full 
species level or measure abundance for all quadrats. In these cases (n=3), only the 
quadrats that met the criteria were included. The remainder of the rejected datasets 
(n=6) had few or no ground flora records. It was clear from applying this process that 
there was substantial variation in quality among the original datasets but it is 
assumed that the data ultimately selected were reliable. A total of eight local surveys 
were considered suitable for inclusion in the analysis. Details of the final surveys 
used, including the number of records analysed from qualifying quadrats, are 
provided in Table 1 and the location of samples in Figure 2. 

Data processing 
The electronic datasets obtained were provided as Excel spreadsheets, Access 
databases (Defra standard survey databases), or GIS layers. The raw data were 
organised and edited using Excel functions and Access queries to fit a template table 
design, with ground flora species, cover and quadrat data in a separate table to the 
plot management and land use data. A lookup table was used to allocate an ADAS 
species ID to each of the ground flora records present. 
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Table 1. Datasets included in the ground flora analysis. 

 
 

Survey 
 

Organisation Survey 
Date(s) 
 

Defra 
method? 
 

Number of records 
used in analysis 
 

Reference 

Countryside Survey 
 

CEH 1990, 1998, 
2007 

No (10 x 
1m plots) 

47,300 ground flora 
records, 651 species, 
1533 plots by 2007 
 

Barr et al. (1991) 
Barr & Gillespie 
(2000) 
Carey et al. (2008) 

Local Surveys: 
 
Chesterfield Hedgerow 
Survey 
 

 
Derbyshire 
Wildlife Trust 

 
2007-2008 

 
Yes 

 
1,999 ground flora 
records, 101 species, 
593 quadrats 
 

Evans (2009) 

ESA and CSS 
Hedgerow Survey 
 

Defra 2002-2003 Similar 10,503 ground flora 
records, 187 species, 
1,453 quadrats 
 

Bickmore (2004a,b) 

Derby City Hedgerows 
 

Derby County 
Council 

2003 Yes 3,213  ground flora 
records, 94 species, 
1,049 quadrats 
 

Rhodes (2003) 

Durham Hedgerow 
Survey 
 

Durham County 
Council 

2006 Amended 2,561 ground flora 
records, 142 species, 
383 quadrats 
 

Beeston (2007) 

Exmoor Parish 
Hedgerow Survey: 
Exford 
 

Exmoor National 
Park 

2008 Yes 700  ground flora 
records, 73 species, 
139 quadrats 
 

Davis & Hawkins 
(2008) 

Exmoor Parish 
Hedgerow Survey: 
Parracombe 
 

Exmoor National 
Park 

2008 Yes 722  ground flora 
records, 85 species, 
133 quadrats 
 

Davis & Hawkins 
(2008) 

Rotherham Ancient and 
Species-rich Hedgerow 
Project 
 

Rotherham 
Metropolitan 
Borough Council 

2008 Yes 106  ground flora 
records, 36 species, 
16 quadrats 

Barber (2009) 

Ticknall and Ingleby 
Hedgerow Survey 2006 

Derbyshire 
County Council 

2006 Yes 1,368 ground flora 
records, 120 species, 
456 quadrats 
 

- 
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Figure 2. Location of samples obtained from local surveys. 
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3. Classification 

Methods 

Species attributes 
A complete list of vascular plant species recorded from all datasets was compiled. 
Tree and shrub species were excluded but dwarf shrubs, non-woody (e.g. Bryonia 
dioica, Tamus communis) and woody (e.g. Hedera helix, Rubus fruticosus) climbers 
and scramblers were included because they can form an important part of the basal 
flora. Bryophytes were excluded because they had not been recorded consistently 
across surveys (a limited list only was recorded in CS and the Hedgerow Survey 
Handbook recommends recording bryophytes collectively). A matrix of the plant 
species with their habitat preferences, Ellenberg fertility (N), light (L) and soil pH (R) 
values, competitor (C), stress (S) and ruderal (R) radii, grazing (G) suited status and 
life histories was then constructed using a number of data sources (Table 2). Twelve 
habitat types were derived from the Broad Habitat preferences of species in the 
PLANTATT database, in which each species can be associated with up to four 
habitat types. Ellenberg values and CSR radii were expressed as either high or low 
values, the cut-off levels being specified after examination of the frequency 
distributions of the values across all species to ensure that approximately equal 
numbers of species were in each category. 

Classification 
There were major differences in the sampling methods used in CS and the local 
surveys. In particular, the plot sizes were radically different, the larger CS plots being 
much more likely to detect species with low occurrence at sites (all samples are 
referred to here as ‘plots’, being CS plots or local survey ‘quadrats’). As a 
consequence, combining datasets with mixed plot sizes can affect results and mask 
the main sources of variation in the data, a problem for which a satisfactory solution 
has yet to be identified (Scott & Smart, 2009). In addition, the CS samples were 
located by random sampling at a GB scale, whereas local surveys (including the 
ESA/CSS survey) were clumped into much smaller regions. The classification was 
therefore carried out by performing cluster analyses separately on CS and local 
surveys and matching local clusters subsequently to the CS clusters. 
 
Cover-weighted mean values expressed as the proportion of total cover per plot were 
calculated for each attribute for all CS plots for 1990, 1998 and 2007, giving a total of 
3065 samples. In addition to the 28 attributes, the total vegetation cover in each plot 
was also used in the analyses. Preliminary data exploration using Tree-joining cluster 
analysis indicated that there were 13 distinctive groups in the CS dataset. The 
classification was then performed using K-means cluster analysis specifying 13 
groups. The K-means clustering algorithm first allocates samples randomly to the 
specified number of clusters and then moves the samples between these clusters to 
minimise variability within, and maximise variability between, clusters. Cluster 
analyses were performed using Statistica v.6.0 (Statsoft, 2001). 
 
Clusters from the K-means analysis were interpreted by Principal Components 
Analysis (PCA) of log(x+1) transformed attribute means for each cluster. A 
preliminary Detrended Correspondence Analysis showed gradients were short (<4 
SD), indicating that a linear model was suitable. Differences between clusters were 
also assessed by direct comparison of attribute means. PCA was performed using 
Canoco v.4 software (Ter Braak & Šmilauer, 1998). 
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Table 2. Species attributes specified and data sources. 
 
Attribute  Source 
   
Habitat Woodland Hill et al. (2004); updated November 2008 
 Boundary & linear  
 Arable & horticultural  
 Improved grassland  
 Neutral grassland  
 Calcareous grassland  
 Acid grassland  
 Dwarf shrub heath  
 Wetland  
 Water  
 Inland rock  
 Coastal*  
   
Ellenberg values High fertility (6-9) Hill et al. (1999) 
 Low fertility (1-5)  
 High light (7-9)  
 Low light (1-6)  
 High pH (7-9)  
 Low pH (1-6)  
   
CSR radii High competitor (3-5) Thompson (1994); Hodgson et al. (1995); 

updated by Grime et al. (2007) 
 Low competitor (1-2)  
 High stress (3-5)  
 Low stress (1-2)  
 High ruderal (3-5)  
 Low ruderal (1-2)  
   
Grazing score G positive ADAS (2006) 
 G negative  
   
Life history Annual Hodgson et al. (1995); updated by Grime et al. 

(2007) 
 Biennial / perennial  
   
* Supralittoral rock, supralittoral sediment or littoral sediment 
 
Classification of the adjacent habitat and land use differed between CS and local 
surveys. To achieve consistency across datasets therefore, the classes recorded 
were converted to eight common categories, being arable, grassland, linear (i.e. 
roads, tracks, railways, embankments, etc.), scrub/bracken, urban/amenity, water 
body, wetland and woodland. Each plot was also assigned to the geographic area in 
which it was located (Scotland, Wales and eight English administrative regions). A 
weighted index was calculated for each land category and geographic area for each 
cluster as 

n
d
p∑
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where p = presence (1 or 0), d = plot Euclidean distance from cluster centre and n = 
total number of plots in the cluster. The relationships between CS clusters and 
adjacent land categories and geographic areas were then analysed using PCA on 
log(x+1) transformed indices. 
 
Plant species that differentiated clusters were also determined by applying PCA to 
the log(x+1) transformed species mean cover per cluster, weighted by the proximity 
of each plot to the cluster centre as 

n
d
c∑

 

 
where c = species cover in a plot, d = plot Euclidean distance from cluster centre and 
n = total number of plots in the cluster. The differentiation of clusters by species was 
then quantified by calculating the Euclidean distances of species from each cluster 
based on the first four axes of variation from the PCA. 
 
The context of each cluster within the framework of the National Vegetation 
Classification (NVC; Rodwell, 1991 et seq.) was assessed using Match analysis 
(Malloch, 1999) of each cluster on species with >1% cover and by comparing the 
species composition of clusters with tables and community descriptions in Rodwell 
(1991 et seq.). Using this information, the NVC types that each cluster resembled 
most closely were determined. 
 
Domin records from local surveys were converted to percentage cover following the 
method of Currall (1987). Local surveys were analysed using K-means clustering in 
the same way as the CS data. Local clusters were then fitted as supplementary 
variables to the PCA of CS clusters and the Euclidean distances based on the first 
four axes of variation were used to identify the closest CS cluster to each local 
cluster. The optimum number of local clusters was explored by specifying 11, 12, 13 
and 14 local clusters respectively and assessing the match of each set of results with 
the 13 CS clusters. 
 
The relationship between local clusters and quadrat position (under canopy, on bank, 
verge or field edge), was analysed using PCA on log(x+1) transformed indices. 

Results 

Attributes 
The first axis of the PCA of 13 CS clusters (eigenvalue 0.41) represented a clear 
gradient of nutrient status and pH, with low Ellenberg fertility and pH values and acid 
grassland at the positive end and high Ellenberg fertility and pH at the negative end 
(Figure 3; see Table 2 for definitions of low and high Ellenberg values). Boundary & 
linear habitat was also associated with high nutrients and pH. The second PCA axis 
(eigenvalue 0.29) represented a clear gradient of light availability and canopy 
structure. The positive end had low Ellenberg light values and woodland habitat with, 
to a lesser extent, low ruderal radius and grazing scores, indicating relatively closed 
and undisturbed vegetation. The negative end had high Ellenberg light values and 
ruderal radii indicating more open and disturbed conditions. Arable habitat, annual 
life history and low stress radius occupied the zone combining high nutrient and light 
availability. Axis 3 (eigenvalue 0.12) was a gradient of competitor radius and axis 4 
(eigenvalue 0.06) a relatively weak gradient of wetland habitat. Most of the CS 
clusters fell into major groupings according to the habitat preferences and traits of the 
component species, with differences between members of each group being 
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indicated by the other sets of species attributes. However, there was also 
considerable overlap across clusters for some attributes. For example, most clusters 
had high mean values for boundary & linear habitat and competitor radius, and many 
had high values for Ellenberg fertility and pH and for biennial / perennial vegetation. 
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Figure 3. PCA biplot of first two axes of variation showing the 13 CS clusters (C1-13) 
and species attributes. 
Woodlan = woodland; Bound = boundary & linear; ImpGras = improved grassland; Neutgra = 
neutral grassland; CalcGra = calcareous grassland; AcidGra = acid grassland; EllenNH = high 
Ellenberg fertility; EllenNL = low Ellenberg fertility; EllenLH = high Ellenberg light; EllenLL = 
low Ellenberg light; EllenRH = high Ellenberg pH; EllenRL = low Ellenberg pH; CradHi = high 
competitor radius; CradLo = low competitor radius; RradHi = high ruderal radius; RradLo = 
low ruderal radius;  SradHi = high stress radius; SradLo = low stress radius; Gplus = positive 
grazing score; Gminus = negative grazing score; BienPer = biennial / perennial. 
 
Two clusters (C3, C7) had a strong affinity to woodland (Figure 3 and Figure 4). C3 
(n = 159) represented the most typical woodland conditions, with low Ellenberg light 
value and grazing score and high stress and competitor radii. C7 (n = 277) was 
associated with more alkaline conditions, having higher Ellenberg pH values than C3. 
A third cluster (C5, n = 228) was also associated with woodland but with higher 
values for neutral and improved grassland and lower Ellenberg fertility than the other 
woodland clusters. 
 
Four clusters (C6, C8, C10, C13) were most associated with grassland habitats. Of 
these, C10 (n = 212) had the highest values for improved and neutral grassland and 
for Ellenberg light, grazing score and ruderal radius, all suggesting relatively open 
conditions and high grazing intensity. C6 (n = 313) was similar to this but had lower 
grazing score, Ellenberg light value and ruderal radius, indicating less disturbed and 
more closed vegetation. C8 (n = 263) had lower Ellenberg fertility and pH values and 
a relatively high value for wetland habitat, suggesting an affinity with potentially more 
species-rich grassland. C13 (n = 116) was a distinctive cluster with high values for 
acid grassland, grazing score and stress radius and low Ellenberg fertility and pH. 
None of these clusters had high values for calcareous grassland. Calcareous 
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grassland was located between neutral and acidic grassland in the PCA ordination 
(Figure 3), which might be attributable to the scarcity of these species in the sample 
or the bimodal distribution of some species in both acidic and calcareous habitats 
(e.g. Festuca ovina). 
 
There were four clusters with characteristics of arable habitat (C2, C9, C11, C12). Of 
these, C9 (n = 243) had the highest proportion of annuals and was the only cluster 
where the mean score for annuals was higher than that for biennials / perennials. 
This cluster also had high values for arable & horticultural habitat, Ellenberg fertility 
and pH, and low stress radius. C12 (n = 185) was intermediate between C9 and C2 
but with a higher value for coastal habitat. C2 (n = 287) had a relatively high value for 
neutral grassland habitat and a much lower value for arable & horticultural habitat 
than the previous two clusters. However, in the PCA analysis its location in ordination 
space was closer to arable than grassland. Together these results suggest that this 
was an intermediate type between the grassland and arable cluster types. Cluster 
C11 (n = 260) was distinctive in having a high value for water habitat. 
 
There were two clusters (C1, C4) that did not fall clearly into any of the preceding 
groups in the PCA and had high values for a range of habitats and other species 
attributes. This suggests that these were generalist clusters containing plots with a 
range of species types. However, C1 (n = 236) had high total cover (128%), 
suggesting a dense, closed and possibly layered vegetation, which was also 
indicated by a combination of high competitor radius and Ellenberg fertility and pH 
values. In contrast, C4 (n = 286) had the lowest total vegetation cover of any clusters 
(49%) suggesting a high percentage of bare ground or non-herbaceous vegetation. 

Adjacent land 
The first PCA axis (eigenvalue 0.82) mainly separated adjacent arable land from 
adjacent grassland (Figure 5). Woodland was correlated with scrub / bracken, while 
urban / amenity showed some relation with arable. Relatively little variation was 
explained by subsequent axes. Axis 2 (eigenvalue 0.16) did not show a clear 
gradient of adjacent land categories but axis 3 (eigenvalue 0.11) was related to the 
presence of woodland and scrub / bracken.  
 
Of the woodland-type clusters, neither C3 nor C7 were related to adjacent woodland 
and were mostly likely to occur adjacent to grassland. C5 was related to adjacent 
woodland in the PCA but grassland was still its commonest adjacent land category. 
 
The grassland-type clusters C8 and C10 were strongly related to adjacent grassland. 
C6 was also related to adjacent grassland, but to a lesser extent. Cluster C13 was 
strongly related to woodland and scrub / bracken, although grassland was its 
commonest adjacent land category. 
 
The four arable-type clusters were all much more likely to be adjacent to arable land 
than grassland, woodland or scrub / bracken. C12 and C2 also had some relation 
with adjacent urban / amenity land. 
 
Wetland, linear and water body land categories did not show a strong relationship 
with clusters. 
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Figure 4. Mean (columns) and standard deviation (bars) attribute values (proportion of total cover per plot) for the 13 CS clusters for a) major 
habitats, b) minor habitats, c) Ellenberg values, d) CSR radii and e) grazing status, life history and total vegetation cover (latter expressed as 
mean total cover per cluster).  
Bound = boundary & linear; ImpGr = improved grassland; NeutGr = neutral grassland; CalcGr = calcareous grassland; AcidGr = acid grassland; 
BiPer = biennial / perennial; Total = total vegetation cover. 
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Figure 5. PCA biplot of first two axes of variation showing the 13 CS clusters (C1-13) 
and adjacent land categories. 
ScBr = scrub/bracken; urban = urban/amenity; water = water body; wet = wetland; wood = 
woodland. 
 

Geographic location 
The biplot of PCA axes 1 (eigenvalue 0.60) and 2 (eigenvalue 0.25) showed a 
distinct separation of three regions, being the north and west (Wales, North-west 
England and Scotland), the east (East England, East Midlands, Yorks / Humber and 
North-east England) and the south and west (South-east England, South-west 
England and West Midlands) (Figure 6). Many clusters had a strong tendency to 
occur in a particular region although most also had a wide geographic spread (Figure 
7). 
 
Clusters with a strong tendency to occur in the north and west were the grassland-
type clusters C13 and C8 and the woodland-type cluster C5. Of these, C13 had the 
most restricted distribution, being located mainly in Wales. The remaining woodland-
type clusters C7 and C3 had a generally southern distribution. The arable-type 
clusters C9 and C12 had a relatively strong eastern bias while C2 had a similar but 
weaker tendency to occur in the east. The remaining clusters were relatively 
widespread, although the grassland-type clusters C6 and C10 were less common in 
the south-east of England and the generalist C4 was largely absent from the north. 
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Figure 6. PCA biplot of first two axes of variation showing the 13 CS clusters (C1-13) 
and geographic areas. 
Sc = Scotland; Wa = Wales. English regions: NE = North-east, NW = North-west, EM = East 
Midlands, WM = West Midlands, EE = Eastern, SE = South-east, SW = South-west. 
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Figure 7. Location of plots in each of the 13 CS clusters. 
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Species and NVC types 
Plant species with the highest cover values in each cluster and those with the 
shortest Euclidean distances to each cluster are shown in Appendix 2. Most species 
with the highest cover values are common and widespread across many clusters, 
while individual clusters also tend to have a characteristic suite of species that 
reflects its particular set of attributes. For example, species such as Arrhenatherum 
elatius, Urtica dioica and Galium aparine occur at relatively high cover levels in the 
woodland-type clusters, but in association with more typical species such as 
Mercurialis perennis, Brachypodium sylvaticum and Dryopteris felix-mas. This 
reflects the heterogeneous structure of most hedgerow basal floras, but also the 
widespread occurrence of species associated with disturbance and high nutrient 
levels. Species with the shortest Euclidean distances are those which best 
distinguish the clusters from one another and reflect the attributes that separated 
plots in the cluster analysis. Occasionally a species that only occurred rarely in the 
dataset might appear to be out of place, for example Centaurea scabiosa in the 
arable-type C9 cluster. 
 
Most clusters showed similarities to a number of NVC communities or sub-
communities, again indicating the heterogeneous structure of the hedge base and 
variation among plots within the CS sample (Table 3). The W21a scrub, W24b 
underscrub, MG1b grassland and OV24b open vegetation sub-communities share 
some similarities, and indicate nutrient enrichment and disturbance to varying 
degrees. Most clusters had some affinity to one or more of these sub-communities. 
The woodland-type communities bore most similarity to the field layer of woodland, 
scrub or underscrub NVC types. The disturbed grassland cluster C10 was most 
similar to MG7 improved grassland, whereas C8 was similar to the semi-improved 
Anthoxanthum odoratum sub-community of MG6 and C13 to the U4b acidic 
grassland. Several clusters had closest affinity to MG1 Arrhenatherum elatius 
grassland but were differentiated from one another by their similarities to different 
MG1 sub-communities or variants and to other NVC types. Three of the four arable-
type clusters, the C6 closed grassland cluster and C1 generalist cluster bore greatest 
similarity to MG1. Of these, C12 had a high mean cover of Elytrigia repens, which 
accounted for its affinity with coastal habitat. The remaining arable-type cluster C11 
was similar to the open vegetation community OV24, and was distinctive in having 
the highest mean cover of Urtica dioica (which also accounted for its high association 
with water habitat). The remaining cluster, the generalist C4 was similar to the often 
sparse field layer of W21 scrub. 
 
The mean cover of seven injurious and pernicious weed species in each cluster is 
shown in Appendix 3. Urtica dioica had the highest cover values, at more than 5% in 
six of the clusters and greatest in the arable-type C11 (38%) and generalist C1 
(17%). Galium aparine had greatest cover in the arable-type C9 (15%) and also had 
more than 5% cover in C1 and C11. Other species had much lower mean covers, 
which would be attributable partly to a tendency to form a clumped distribution at 
individual sites. Cirsium arvense had more than 1% cover in C1, C11 and the 
grassland-type C6 but C. vulgare only in the grassland-type C10. Rumex obtusifolius 
cover was less than 1% in all clusters, although the highest values were in the 
grassland-types C6, C8 and C10. Cover of R. crispus and S. jacobaea was less than 
0.1% in all clusters. 
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Table 3. NVC communities and sub-communities that each CS cluster resembles. 
 
Cluster  Community  Sub-community 
C1 MG1 Arrhenatherum elatius grassland b Urtica dioica 
 W24 Rubus fruticosus – Holcus lanatus underscrub b Arrhenatherum elatius – Heracleum sphondylium 
 OV24 Urtica dioica – Galium aparine community b Arrhenatherum elatius – Rubus fruticosus 
     
C2 MG1 Arrhenatherum elatius grassland b Urtica dioica 
     
C3 W10 Quercus robur – Pteridium aquilinum – Rubus fruticosus 

woodland 
c Hedera helix 

 W21 Crataegus monogyna – Hedera helix scrub a Hedera helix – Urtica dioica 
 W25 Pteridium aquilinum – Rubus fruticosus underscrub a Hyacinthoides non-scripta 
     
C4 W21 Crataegus monogyna – Hedera helix scrub a Hedera helix – Urtica dioica 
     
C5 W25 Pteridium aquilinum – Rubus fruticosus underscrub b Teucrium scorodonia 
   a Hyacinthoides non-scripta 
 MG1 Arrhenatherum elatius grassland c Filipendula ulmaria 
     
C6 MG1 Arrhenatherum elatius grassland a Festuca rubra 
   b Urtica dioica 
 W24 Rubus fruticosus – Holcus lanatus underscrub b Arrhenatherum elatius – Heracleum sphondylium 
     
C7 W21 Crataegus monogyna – Hedera helix scrub b Mercurialis perennis 
 W24 Rubus fruticosus – Holcus lanatus underscrub b Arrhenatherum elatius – Heracleum sphondylium 
     
C8 MG6 Lolium perenne – Cynosurus cristatus grassland b Anthoxanthum odoratum 
 MG1 Arrhenatherum elatius grassland a Festuca rubra 
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Cluster  Community  Sub-community 
C9 MG1 Arrhenatherum elatius grassland b Urtica dioica (Papaver rhoeas variant) 
 OV24 Urtica dioica – Galium aparine community b Arrhenatherum elatius – Rubus fruticosus 
 W24 Rubus fruticosus – Holcus lanatus underscrub b Arrhenatherum elatius – Heracleum sphondylium 
     
C10 MG7 Lolium perenne grassland B Lolium perenne – Poa trivialis 
 MG1 Arrhenatherum elatius grassland a Festuca rubra 
   b Urtica dioica 
 MG6 Lolium perenne – Cynosurus cristatus grassland a typical 
     
C11 OV24 Urtica dioica – Galium aparine community b Arrhenatherum elatius – Rubus fruticosus 
 MG1 Arrhenatherum elatius grassland b Urtica dioica 
 OV26 Epilobium hirsutum community   
     
C12 MG1 Arrhenatherum elatius grassland b Urtica dioica (Artemisia vulgaris variant) 
     
C13 U4b Festuca ovina – Agrostis capillaris – Galium saxatile grassland b Holcus lanatus – Trifolium repens 
 W23 Ulex europaeus – Rubus fruticosus scrub (field layer vegetation) a Anthoxanthum odoratum 
 MG6 Lolium perenne – Cynosurus cristatus grassland b Anthoxanthum odoratum 
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Local surveys 
The analysis of 13 local clusters produced a clear one-to-one pairing with the three 
woodland-type and four grassland-type CS clusters (Figure 8). In addition, there were 
clear unique pairings of local clusters with the arable-type CS cluster C9 and the 
generalist cluster C1. Two local clusters (L1, L10) were paired with the arable-type 
CS cluster C2 but L1 was intermediate between C2 and C6 as shown by the closely 
similar Euclidean distances (1.09 and 1.16 respectively, Table 4). Similarly, two local 
clusters (L4, L5) were paired with the arable-type C11 but L5 was intermediate 
between C11 and C2 (Euclidean distances 1.61, 1.65). Of the CS clusters, the 
generalist C4 did not have a direct pairing with a local cluster, but L2 appeared to be 
intermediate between this and the other generalist C1 (0.99 and 0.85 respectively). 
The remaining CS cluster C12 did not have a unique pairing but was close to both L8 
and L10 with respect to the first two PCA axes. Overall, this indicates a close 
correspondence of the classification of local survey plots with the CS plots. The 
correspondence was less clear cut with some of the arable-type CS clusters but the 
local clusters fell within the range of variation encompassed by the CS clusters in the 
PCA ordination. 
 
Varying the number of local clusters produced only minor changes to their position in 
ordination space relative to the CS clusters, and to their respective pairings. 
Increasing the number of local clusters to 14 or reducing to 11 both resulted in fewer 
clear pairings, while reducing to 12 clusters had little effect; 13 local clusters 
therefore appeared to be the optimum number. These small differences indicate that 
the classification was relatively robust and insensitive to these adjustments. 
 

-1.0 +1.0

-
1

.
0

+
1

.
0

AcidGra
EllenNL

Bound
EllenRLEllenNH

CalcGra

Heath

Rock

Arable
Annual

SradHi

Gplus

Gminus

Water

Wetland

SradLo

BienPer

RradLo

RradHi
NeutGra

ImpGras

Woodlan

Coastal

Cover

CradHi

CradLo

EllenLL

EllenLH

EllenRH C13

L13

L3
L10

L4 L9

C9
C8

C12

L5
C11

L8

C5
C2

L6

L11

L7

C7

C10

L2C4

C3

L1

L12

C6

C1

 
 
Figure 8. PCA biplot of first two axes of variation of the 13 CS clusters (C1-13; filled 
circles) and 13 local clusters (L1-13; open circles) added as supplementary variables. 
Local clusters are joined to the nearest CS cluster as measured by their Euclidean distances; 
arrows representing attribute vectors are omitted for clarity. Codes as Figure 3. 
 
 
The distribution of clusters amongst the local surveys generally reflected that 
expected from their geographic location. The ESA/CSS plots were relatively 
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widespread and the full range of clusters was represented, as was the case for the 
large Chesterfield survey (Table 5). In contrast for example, in the Exford (Exmoor 
Parish Hedgerow Survey) dataset there was a strong bias towards the more acidic 
grassland-type cluster L3 and the woodland-type cluster L9 while the arable clusters 
L5, L8 and L10 were absent. Other clusters showing a bias towards particular 
locations were the arable-types L5 (Ticknall & Ingleby) and L10 (Durham). 
 
Axis 1 (eigenvalue 0.64) from the PCA of local clusters and quadrat position 
separated clusters with high values for canopy, field edge and verge from those with 
low values. Axes 2 (0.25) and 3 (0.08) were more informative in relating clusters to 
quadrat position (Figure 9). The less improved grassland-type clusters (L3, L13) were 
clearly related to the bank position, while the three woodland-type clusters (L9, L11, 
L12) were all related to position under the hedge canopy. The generalist cluster L2 
and disturbed grassland L7 also tended to be located under the canopy. The arable-
like clusters L1, L4, L5 and L8 were associated with the field edge and not the hedge 
canopy. 
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Figure 9. PCA biplot of axes 2 & 3 of local clusters (L1-13) and quadrat positions.
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Table 4. Euclidean distances of local clusters (L1-13) from CS clusters (C1-C13) based on the first four PCA axes. Shortest distance from each 
local cluster highlighted in bold. 
 

 L1 L2 L3 L4 L5 L6 L7 L8 L9 L10 L11 L12 L13 
  C1        1.15 0.85 3.66 1.69 2.04 1.29 3.82 3.29 2.72 1.44 2.79 3.29 2.73
  C2        1.09 1.83 4.07 1.41 1.65 2.06 4.57 3.44 3.15 0.92 3.45 4.04 3.53
  C3        3.63 1.89 3.47 3.30 4.09 3.06 4.51 3.36 2.58 3.54 1.67 1.18 3.71
  C4        2.31 0.99 3.03 2.31 3.01 2.03 4.15 2.39 2.31 2.03 2.48 2.47 3.15
  C5        2.64 1.23 2.10 3.11 3.55 1.96 4.74 3.23 0.96 3.06 3.42 3.24 2.69
  C6        1.17 1.25 3.43 2.42 2.47 0.72 3.52 3.25 2.87 1.73 3.57 3.85 2.14
  C7        3.20 1.87 4.21 2.63 3.45 2.96 4.13 3.44 3.25 2.91 0.85 1.37 3.85
  C8        2.07 1.59 2.73 3.38 3.40 0.83 3.73 3.49 2.46 2.84 4.16 4.14 1.40
  C9        4.80 3.92 3.35 4.97 5.61 4.34 5.37 0.92 4.21 4.05 4.94 4.08 4.90
  C10       3.48 3.19 4.72 4.45 4.51 2.55 1.00 3.74 4.94 3.50 4.35 4.25 2.45
  C11       1.49 1.75 4.25 0.91 1.61 2.36 4.65 3.47 3.15 1.04 2.82 3.55 3.82
  C12       2.01 2.44 3.79 2.28 2.56 2.67 5.19 3.10 3.17 1.62 4.16 4.45 3.98
  C13       3.65 2.53 1.48 4.48 4.73 2.66 5.30 3.99 1.34 4.31 4.77 4.36 2.65

 
 
Table 5. Distribution of plots from the eight local surveys amongst local clusters (L1-13).  
 

 L1 L2 L3 L4 L5 L6 L7 L8 L9 L10 L11 L12 L13 Total
Chesterfield 30 27 32 68 72 39 40 42 7 34 71 55 76 593
ESA/CSS 178 200 127 118 84 154 85 61 162 18 90 91 83 1451
Derby City 135 29 0 178 251 65 80 58 12 25 100 78 38 1049
Durham 44 9 1 39 16 52 32 50 19 85 12 9 13 381
Exford 3 9 63 2 0 4 1 0 26 0 0 6 17 131
Parracombe 0 18 9 7 1 37 0 0 22 0 3 7 21 125
Rotherham 2 6 0 0 2 1 1 1 1 0 0 0 2 16
Ticknall & Ingleby 29 8 28 0 240 13 19 10 21 0 6 2 25 401
Total 421 306 260 412 666 365 258 222 270 162 282 248 275 4147
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4. Restoration review 

Aims and methods 
The aims of the review were to obtain and synthesise information from the published 
literature and from case studies on the effects of hedge management on, and 
restoration methods relevant to, the herbaceous flora. The herbaceous flora of 
hedgerows is very variable, being composed of plant species typical of a range of 
habitats, including woodland, grassland and field margins. Restoration techniques 
applicable to these habitats were therefore included in the review. 
 
Information was extracted from earlier reviews on habitat restoration and hedgerow 
management (e.g. Walker et al., 2004; Barr et al., 2005; Barr, 2009). This was built 
on using Science Direct (www.sciencedirect.com) and Scopus (www.scopus.com) 
search engines to carry out searches on key words (in the title, abstract or keywords 
of articles). Example key words used in searches included (in various combinations) 
hedgerow flora restoration, hedgerow management, woodland flora restoration, 
woodland flora enhancement, woodland herbs, grassland restoration, fertiliser 
reduction, agri-environment, field margin restoration. A number of key author names 
were also searched. 
 
Articles were downloaded online via these search engines, sourced from ADAS 
colleagues or requested from the British Library. Non-published material was sought 
using Google Scholar as well as general internet searches, and additional references 
were obtained from papers and books located during these searches. Information 
from case studies of hedgerow flora restoration carried out by government agencies 
and NGOs was also provided by the project Steering Group members. 

Current status 
Countryside Survey 1990 showed a decline in the diversity of hedgerow ground flora 
species between 1978 and 1990 (Barr et al., 1993). The more recent Countryside 
Survey 2007 showed that across Great Britain, the total length of managed hedges 
decreased by 6% between 1998 and 2007, with a large proportion turning into lines 
of trees and relict hedges through lack of management. About half (48%) of the 
managed hedges were classified as being in good structural condition in 2007, but 
only about 10% of those on arable land were in good condition with appropriately 
managed margins (Carey et al., 2008). 
 
Previously, there were significant declines in plant species richness (including 
herbaceous and woody species) along hedges (between 1978, 1990 and 1998 
Countryside Surveys) but the most recent survey showed that there was no change 
in species richness between 1998 and 2007 (except in Scotland). However, more 
competitive plant species increased and open ground species decreased. Grass 
species became more dominant between 1998 and 2007 and the number of plant 
species used for food by farmland birds and butterfly caterpillars decreased from 
1978 to 2007 (Carey et al., 2008). 
 
These trends are also reflected in long-term changes in Dorset hedgerows between 
the 1930s and 2002 (Dorset Environmental Records Centre, 2003). Competitive 
plants associated with high fertility, especially those of improved grassland and 
boundary habitats had increased, and those associated with more semi-natural 
calcareous and acidic habitats, meadow and pasture had declined. These changes 

http://www.sciencedirect.com/�
http://www.scopus.com/�
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were attributed to a decline in hedge management, reduced cutting of highway 
verges and changes to agricultural practices. 

Effects of hedge management 

Cutting, flailing and grazing 
A number of studies (e.g. Marshall et al. 2001a, b and c and Maudsley et al. 2000) 
have investigated the effect on invertebrates of different timings and frequencies of 
hedgerow cutting. Hedges were cut in February or September on annual, biennial or 
triennial cycles and it was found that cutting hedges at less frequent intervals had 
positive effects on vegetation, berry abundance and habitat quality for birds and 
mammals. However, less work has been carried out on the optimum timing of hedge 
basal flora management. 
 
Frequent cutting or flailing of the hedge base can encourage fine-leaved grasses 
such Agrostis capillaris and Festuca spp. as well as rosette-forming species such as 
Plantago major (Dowdeswell, 1987). An unpublished survey of roadside hedges in 
Cornwall (cited in Menneer, 1994) showed a 70% reduction in species diversity after 
the banks were flailed twice a year. The ratio of annuals and biennials to perennials 
also changed (increased from 15 to 100%). A reduction of flailing to once a year 
allowed a recovery in species diversity. However, Hegarty et al. (1994) found that 
hedge management did not influence the number of species found in hedgerow plots, 
just the variation in abundance of plant species. Cummins et al. (1992) and French 
and Cummins (2001) found that there was no relationship between species diversity 
and management of the hedge in the Countryside Survey data, though data covered 
the whole of Great Britain and regional data may yield different results. Marshall et al. 
(2001a) also found no significant effects of hedge cutting on the diversity or 
community composition of the hedge base vegetation. 
 
As with cutting and flailing, frequent grazing can encourage fine-leaved grasses and 
rosette-forming species (Dowdeswell, 1987). Garbutt and Sparks (2002) found large 
declines in the frequency of Mercurialis perennis, Hyacinthoides non-scripta and 
Anemone nemorosa between 1971 and 1998 along an ancient hedge in 
Cambridgeshire. Some localised gains in H. non-scripta and M. perennis were 
recorded but the latter sustained large losses where the hedge bordered arable 
fields. This appeared to be due to spray drift of pesticides and fertilisers on the hedge 
bottom flora. However, in other sections where fertiliser and pesticides were not 
applied, the three species still declined in frequency. Areas nearby have suffered 
damage to ground flora attributed to excessive grazing by Muntjac deer (Cooke, 
1994, 1995) and this is also likely to be the cause in this hedge.  

Coppicing 
The effect of coppicing was thought to be detrimental to shade-loving plants by 
Deane (1989) but Hegarty and Cooper (1994) found that coppiced hedges had the 
greatest number of ground flora species, and that coppicing and laying appeared to 
increase plant diversity in the short-term. This effect of coppicing may be due to 
ground disturbance or increased light levels (Henry et al., 1994). 
 
Moonen and Marshall (2001) also found that coppicing and gapping-up influenced 
vegetation composition of herbaceous flora of hedgerows with an increase in species 
richness, and the resulting community persisted for around six years. McAdam et al. 
(1996) however reported a decrease in species richness just four years after 
coppicing (due to increased shading upon hedge canopy closure). Although species 
richness in the individual hedge may eventually decline, if hedges are coppiced and 
gapped-up in rotation, vegetation diversity in the landscape can be retained.  
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Re-seeding/ natural regeneration 
Marshall et al. (2001b) found that re-sowing vegetation gave the highest plant 
species diversity, compared to other treatments of cutting, selective herbicides and 
exclusion of fertilisers. However, selective herbicides may also be required in order to 
reduce less desirable species such as Galium aparine and Anisantha sterilis. 
 
The agri-environment prescription for hedgerow management in the Rural 
Stewardship Scheme (RSS) in Scotland aims to promote development of a diverse 
hedgerow basal flora (Lye et al., 2009). In a study looking at this agri-environment 
scheme in relation to bumblebees, Lye et al. (2009) investigated the effect of 
hedgerow management on forage and habitat. Management included gap filling and 
limitation of hedge cutting to once every three years at most (in winter). Hedge-
bottom vegetation was not mown and no pesticides were applied. Spring bumblebee 
forage was found to be low in RSS hedgerows (and conventionally managed ones) 
compared to field margins and species-rich grassland. This may be because in 
hedgerow bottoms managed under RSS, the vegetation is from natural regeneration, 
whereas the RSS field margins in the same study involved sowing of a seed mix. 

Application of herbicides/ fertiliser 
Boutin et al. (2008) found a clear difference between species richness and 
composition between organic and conventional sites. Hedgerows in organic sites had 
more native and exotic plant species than those in conventional systems. Aude et al. 
(2004) also found significantly more plant species in hedgerows on organically 
managed land compared to those on conventional farmland, with species 
composition more similar to semi-natural communities. Marshall et al. (2001a and 
2001c) found that although fertiliser reduction could also help to maintain plant 
diversity, it may be difficult to achieve. 
 
In southern Quebec, Jobin et al. (1997) found that the diversity and vegetation cover 
of the herbaceous layer of hedgerows were lower where herbicides had been 
sprayed in recent years. They surmised that this was due to herbicide drift from 
adjacent fields. There was a higher proportion of annual and introduced species in 
cultivated fields where herbicides were applied than in fields that were not regularly 
treated or tilled.  

Gap creation / gappiness 
Although hedgerows with more gaps may have a lower total species richness (e.g. 
Deckers et al., 2004; Moonen & Marshall, 2001), more gappy hedges may have a 
higher number of herbaceous species and fewer woody species, possibly resulting 
from the additional habitat niches created by the gaps (Deckers et al., 2004). 
However, Deckers et al. also found that herbaceous species richness was associated 
with presence of a shrub layer and not a tree layer. This suggests that a shrub layer 
can create a temperate forest-microclimate more effectively than simply a row of 
widely-spaced trees and illustrates the importance of retaining the shrubby structure 
of the hedge, whether or not hedgerow trees are present. 
 
Moonen & Marshall (2001) investigated the effects of coppicing and gapping-up on 
herbaceous flora of hedgerows on two farms and found that boundary structure 
characteristics (height, permeability, tree and shrub cover and bank height) had an 
effect on hedge-bottom vegetation. In contrast to the findings of Deckers et al. 
(2004), gapping-up contributed significantly to an increase in species richness, 
although the reasons for this were not examined. 
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Adjacent land use/ adjacent hedges 
Analysis of the composition in hedge-base floras between sites shows that different 
hedgerows have distinct hedge-base plant communities and these differences 
appear to be largely determined by adjacent land-use rather than hedge 
management (Maudsley et al., 2000; Marshall et al., 2001a). Arable hedgerows are 
less diverse than grassland ones, although uncropped field margins next to the 
hedgerow may increase botanical richness in the hedge base. French and Cummins 
(2001) also found a relationship between adjacent land use and the floristic 
component of hedge bottoms and Deckers et al. (2004) showed that adjacent land 
use, soil moisture content, soil texture and soil profile development were important in 
the process of plant community assembly.. 
 
The type of adjacent hedge can determine the type of vegetation found in field 
margins. Boatman et al. (1994) found that Agrostis stolonifera was more frequent 
where no hedge was present. Anthriscus sylvestris, Galium aparine, Hedera helix 
and Urtica dioica were more common where hedges were present; and Glechoma 
hederacea was most common next to tall hedges (>2m). G. hederacea and H. helix 
tend to occur in shaded or partially shaded habitats rather than in unshaded tall herb 
communities. G. aparine benefits from the bare soil found beneath hedges due to the 
reduced competition and from the structural support of the hedge itself. 

Hedge structure and aspect 
Hedge structure, shape and width are also important in determining the species 
richness of hedgerow herbaceous flora. There is conflicting advice on the ideal 
height, width and structural diversity of a hedge. Doubleday et al. (1994) 
recommended that hedges “should be kept reasonably short (about 2m) in order to 
avoid impoverishing the ground flora by shading it out”. In contrast, Hegarty (1992) 
noted that species-rich ground flora groups in Northern Ireland were significantly 
associated with the tallest and widest hedges and that the greater the structural 
diversity of a hedge, the more likely it was associated with a species-rich flora. 
Hegarty et al. (1994) found also that hedge width was the most significant predictor 
of the diversity of hedgerow ground flora. Similarly, hedgerow width has been found 
to be correlated with forest herb diversity, possibly because habitat suitability is better 
in wider hedgerows due to the buffered, temperate habitat in the core area (Burel & 
Baudry 1990; Deckers et al., 2004). Width could also indirectly influence plant 
populations by influencing animal use of the hedgerow network (e.g. Sarlöv-Herlin & 
Fry, 2000). In contrast however, ‘A’-shaped hedges were found to shade out ground 
flora (Moorhouse, 1990). 
 
Mountford et al. (1994) found that in fen grasslands, forbs such as Glechoma 
hederacea and Torilis japonica which favour partial shade were positively correlated 
with hedge dimensions. Tall herbs that were eliminated by cultivation or intense 
grazing survived, protected by the larger hedges e.g. Conium maculatum and Urtica 
dioica. Species which were negatively correlated with hedge size were generally 
intolerant of woody shade. Faiers and Bailey (2005) also concluded that there was a 
positive relationship between hedgerow structure and biodiversity in their evaluation 
of canalside hedgerows. 
 
A small-scale study by Baudry (in Forman & Godron, 1986) showed that the number 
of herbaceous species was greater on the sunny than the shaded side of a hedge. 
Most species found on the sunny side were open field species, whereas those on the 
shady side were woodland species. Mosses were also restricted to the shady side. 
Le Coeur et al. (1997), working in Brittany, showed that local shrub and tree structure 
explained most of the variation in adjacent field margin ground flora but that adjacent 
land use was also important. 
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Aavik and Liira (2010) found that field boundary type and landscape structure were 
responsible for most variation in species composition (rather than type of farming 
practised). Woody boundaries supported only a few agro-tolerant species. Other 
associated features such as fences, ditches and hedge banks could also potentially 
affect hedge flora. Hooper (1992) found that management of the hedgerow ‘complex’ 
(including ditches, verges and banks) affected herbaceous hedgerow flora, and 
incorporation of a fence in the hedge complex could increase botanical diversity 
(Forman & Godron, 1986). 
 

Lack of management 
Little research exists on the impact of non-management of a hedge on wildlife value 
but the impact does appear to be time-related. Shade-loving and vigorous or 
aggressive species may dominate the ground flora (Barr et al., 2005). Hegarty et al. 
(1994) found that unmanaged hedges contained significantly greater cover of ground 
flora species such as Anthoxanthum odoratum, whereas managed hedgerows 
contained more competitive-ruderal species such as Galium aparine and Urtica 
dioica. Management was thought by Dowdeswell (1987) to be the most important 
factor affecting survival/ spread of hedgerow species, and where management was 
absent, taller plants such as Holcus lanatus and Heracleum sphondylium gained an 
advantage. However, unmanaged hedges are often symptomatic of low-intensity land 
management, which itself can be expected to influence the basal flora in this way. 

Effects of woodland management 
In addition to geographic factors (such as previous land use, adjacent land use, 
elevation and proximity to other woodland) and edaphic factors (such as soil pH and 
soil organic matter content), silvicultural operations and woodland management can 
also affect ground flora composition. It follows that hedge management might have 
similar effects on the basal flora under the hedge canopy. 
 
French et al., (2008) found that the ground flora in pre-thicket stands was mainly that 
of the pre-afforestation flora, and that ground preparation practices (including 
vegetation control, drainage and fertiliser application) may be the reason for the lack 
of more rare and sensitive species (as in Doyle & Moore, 1981). Disturbance caused 
by similar practices when establishing new hedges are also likely to be detrimental to 
sensitive species. 
 
Management of stand structure, including thinning regimes can enhance ground flora 
diversity. One of the main effects of stand structural development is the transition 
from ground flora communities dominated by species characteristic of open habitats 
to those associated with woodlands (French et al., 2008). Initially, ground flora is 
dominated by light-demanding species (Wallace & Good, 1995). When the canopy 
closes, fewer plant species can tolerate the shade levels (Kirby, 1988). However, 
thinning stimulates ground flora development through greater light and nutrient 
availability (Abdy & Mayhead, 1992). This has implications also for hedge 
management as overgrown, neglected hedges (e.g. at point 9 on the Adams 
hedgerow management scale; Hedgelink, undated) are likely to cast more shade and 
support fewer species, whereas managed hedges (e.g. between points 1 and 3 on 
the Adams management scale) will allow greater light penetration. Upon 
development into a line of trees (point 10 on the Adams management scale), the 
hedge base does however receive more light and ground flora can become more 
diverse. 
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Recommendations for enhancement of woodland biodiversity that can also be read 
across to hedgerows include increasing age and structural diversity to allow a 
combination of community types to develop (Malcolm et al., 2001; French et al., 
2008) and planting mixed-species stands (Humphrey et al., 1998; Kerr, 1999). 
However, the effects of age are likely to vary among individual sites as Wehling & 
Diekmann (2009) found that ancient hedgerows in Germany were no more species-
rich than more recent hedges. 
 
Plantations located near to semi-natural woodlands have been found to be more 
likely to develop a woodland flora than those isolated from them (Verheyen et al., 
2003; Jacquemyn et al., 2003), so new plantations (and possibly hedges therefore) 
should ideally be established in close proximity to semi-natural woodland. 

Hedgerow flora restoration 
A limited amount of research has been carried out on the restoration of hedgerow 
basal flora. To an extent, the method of restoration will depend on the habitat – for 
example, application of selective herbicide and re-seeding hedge bases can be 
successful in arable hedgerows but grassland hedgerows may be more effectively 
restored by natural regeneration than by sowing seed mixtures (Marshall et al., 
2001a). There are also a number of constraints to the restoration of hedgerow 
herbaceous flora, including high residual soil fertility, seed limitation and dispersal 
distance. 
 
High residual soil fertility from repeated nitrogen fertilisation can persist for 
considerable time after cessation of fertiliser application (e.g. Hejcman et al., 2007; 
Hrevusová et al., 2009). Use of nitrogen fertilisers can also result in changes to the 
soil microbial fauna of semi-natural grasslands (Bardgett & McAlister, 1999) which 
could play a role in nutrient capture and productivity and control breakdown of key 
nutrients. In acid soils, restoration of calcifugous assemblages can be restricted by 
elevation of soil pH resulting from application of liming agents (Marrs, 1993). 
 
Intensive farming has led to isolation of some grassland species and impoverished 
seedbanks. There is also poor adaptation of perennial herbaceous flora to 
disturbance associated with intensive agriculture, which leads to replacement by 
annual and weedy species (McDonald et al., 1996). Rosenthal (2006) also found that 
propagule dispersal was a limitation in re-establishment of target plant species. 
 
Domination by weedy perennials and competitive grasses creates restricted 
opportunities for establishment of other species (e.g. Smith et al., 2002). While sward 
gap creation can help species to establish, continued regeneration of desirable 
species may require regular maintenance of this procedure, for example through 
grazing or hay-cutting, in order to allow seedling recruitment to continue (Pywell, 
2006). 
 
In an evaluation of hedgerow features in north east America, Roy and de Blois (2008) 
found that forest herb diversity increased over time and with increased adjacent 
forest cover. In Germany, Wehling and Diekmann (2009) also noted that more forest 
herb species were present in hedges in close proximity to forests. Hedgerow width 
and reduced cover of other species also resulted in a greater abundance of forest 
herbs. Moonen and Marshall (2001) compared two farms in southern England, one 
with sown grass/wildflower margin strips. These margins next to the hedge-bottom 
had a positive effect on species richness of hedge-bottom vegetation, and reduced 
the abundance of weed species such as Galium aparine. Coppicing and gapping-up 
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of hedges also increased species richness of the hedge-bottom vegetation and had a 
positive effect on floral diversity in the landscape overall. 
 
A study on hedgerow basal flora will commence in Bedfordshire in Spring 2010 (R. 
Pywell, pers. comm.) to investigate the restoration potential of different treatments at 
hedges next to existing and newly established margins. The effects of different 
cutting frequencies, seed mixes and establishment methods will be monitored over a 
three year period to assess the impact on plant community composition, flowering 
plants and insects. 

Hedgerow restoration case studies 
Few recorded cases have been found where hedgerows have been translocated or 
replaced (e.g. to allow construction of pipelines, road schemes etc.) and restoration 
of the hedgerow basal flora has been documented. The Farningham to Hadlow 
natural gas pipeline construction in Kent for example involved replacement or 
translocation of a number of hedges along the route. Methods for translocation of the 
shrubby part of the hedges are well-documented – hedgerow sections removed are 
to be replanted using native species of local provenance to reflect species removed 
from the original hedge (RSK Environment Ltd., 2008). The hedgerows will be 
maintained for two years by the gas company until fully established. There is no 
specific mention of any techniques used to restore the basal flora. They do have a re-
instatement plan which includes details of seed and plant sources and mixes, though 
this is not specifically for hedgerow herbaceous flora. 
 
Guidance issued by the Devon Hedge Group in relation to pipeline construction 
suggests that where possible, Devon hedge bank faces should be stabilised using 
turf from the foot of the hedge (except for when the banks are stone-faced). Where 
this is not possible, they suggest taking soil from the top layer of the hedge and allow 
natural regeneration to stabilise the faces. A seed mix may be more appropriate than 
natural regeneration (e.g. if there are aggressive weeds present) and these seed 
mixes should include locally-occurring fine-leaved grasses. Leguminous plants are 
not recommended as they will result in increased soil fertility. Regular maintenance 
over at least a two year period is suggested (Wolton, 2009a). Construction of a 
reinforcement gas pipeline in south-west England involved breaching over 400 
Devon hedges. Hedge re-instatement since 2008 has been largely successful. Banks 
were re-constructed using compacted earth, hessian textile laid on top of soil, pre-
seeded soil-filled hessian bags and stone facing (Wolton, 2009a). 
 
Development of a wind turbine research facility at West Medina Mills on the Isle of 
Wight involved restoration and creation of new hedgerows as the access road was 
altered. Existing hedgerows were removed and re-planted with new shrubs and trees 
along the altered route. However, no attempts were made to restore ground flora. 
The hedgerows were all species-poor with poor ground flora (C. Pope, pers. comm.). 

Woodland flora restoration 
Parallels can be drawn between restoration of hedgerow herbaceous flora and 
restoration of woodland field layer flora. The effect of coppicing, overstorey cover and 
deer browsing on growth of coppice and other understorey vegetation were 
investigated by Joys et al. (2004) in lowland England. Both deer browsing and 
overstorey cover reduced the density of the understorey, with coppicing having a 
weak effect. Their studies showed that deer browsing would have to be limited for 
successful future restoration of coppice. 
 
Van Calster et al. (2008) looked at the effect of coppice management and mowing on 
herbaceous flora species (Cardamine pratensis, Primula elatior and Geum urbanum). 
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They found that early flowering species with an affinity for open habitats benefited 
more than later flowering woodland species and concluded that coppice 
management maintains forest herbs and herbs that prefer open habitats. 
 
A report commissioned by the Highways Agency (2005) contains advice on restoring 
or establishing a herbaceous field layer in woodland, specifically along roadsides. 
The importance of site preparation is stressed, with appropriate structural diversity in 
place prior to introduction of herbaceous plant species. This includes site 
‘patchiness’, at least 30% cover of leaf litter on the soil surface, a low percentage 
cover of dominant weeds such as Pteridium aquilinum and sufficient light at ground 
level. Local provenance of seeds is important and a well-balanced species mixture to 
suit the region and soil type (with 15-20 woodland field layer species). Seeding can 
be done at 5-10kg ha-1, depending on species type, and sown in late winter – early 
spring. The report also states that some species are better introduced as plants e.g. 
shade-tolerators with vegetative strategies such as Ajuga reptans. Micro-sites can 
also be created e.g. by raking over 50% of the soil surface to create exposed ground 
and reduce uniformity. 
 
Fertilisation can also have an effect on vegetation in woodland. Rowe et al. (2006) 
investigated the effect of fertilisation on tree growth and ground flora species. They 
concluded that for closed-canopy vegetation, fertiliser application could increase 
biodiversity, however for open and infertile habitats, plant species were likely to 
decrease in abundance as a result of fertilisation. In the USA, Fraterrigo et al. (2009) 
found that for certain forest herb taxa, nitrogen fertilisation increased above-ground 
biomass or leaf area in forests previously used for agriculture whereas above-ground 
biomass or leaf area in a reference site was depressed by nitrogen fertilisation. This 
suggests that some plants growing in previously farmed stands may be nitrogen 
limited whereas in undisturbed stands nitrogen addition increased interspecific 
competition from nitrophilous species. 

Field margin restoration 

Sowing 
Much of the research on field margin restoration focuses on the effects of sowing 
different seed mixtures on the botanical diversity of field margins. Hopkins and Feber 
(1997) found that under organic management, sown margins had greater botanical 
diversity than unsown margins. Performance of species was found by Wassmuth et 
al. (2009) to be influenced by both seeding pattern and number of species in a 
mixture, when considering intra- and inter-specific competition between wild plant 
species in field margins. Carvell et al. (2004) looked at sown and unsown arable field 
margins to assess the effect on bumblebee forage plant species. Sown grass and 
wildflower mix provided a consistent supply of forage species and had the highest 
bumblebee abundance. 
 
A number of studies have been carried out by Pywell on natural regeneration and 
sowing of field margins, particularly in relation to provision of forage for bumblebees. 
Different sowing strategies were examined in Pywell et al. (2006) to assess the 
effectiveness of agri-environment schemes on restoration of arable field margins. 
Different types of seed mix were sown (tussocky grasses, wildflower mix, and pollen 
and nectar mix) and compared with a cereal crop. Bee species richness was found to 
be higher on wildflower and pollen and nectar mix margins and there was evidence 
that this was related to the abundance of dicotyledon flowers as well as land use 
heterogeneity and grassland proportion. Pywell et al. (2005) found that naturally 
regenerated non-crop habitat provided good foraging habitat for bumblebees but 
many key forage species were pernicious weeds and intensively-managed field 
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margins had a lack of dicotyledon species. They found that sowing non-crop field 
margins with wildlife seed mixes had the potential to provide the best foraging habitat 
for bumblebees. In intensively managed arable farmland where land had habitats 
created under agri-environment schemes, shelter, dicotyledon species cover in field 
margin vegetation and abundance of legume species had positive effects on butterfly 
numbers (Pywell et al. 2004). The study demonstrated the beneficial effects of 
targeted enhancement, such as pollen and nectar seed mixtures. 
 
In a study on arable field margins under the Countryside Stewardship Scheme (CSS) 
by Critchley et al. (2006), sown grass strips were found to have more grass species 
and fewer weed species than naturally regenerated sites. Diverse seed mixtures 
containing mesotrophic grassland forbs were found to enhance botanical diversity in 
these margins. Perennial forbs that frequently established successfully included 
Centaurea nigra and Prunella vulgaris. The inclusion of less competitive species into 
the seed mix did not appear to increase the risk of invasion by weeds and Pywell et 
al. (2002) also found little difference between grass only and grass-forb mixes in 
terms of invasibility. Overall species composition was related to region, soil 
properties and type of seed mixture. The impact of Countryside Stewardship grass 
margins on arable farmland biodiversity was also assessed by Marshall et al. (2006) 
in southern England. Herbaceous flora of the pre-existing boundary next to sown 
strips was significantly more species-rich than the control site, which may be due to 
the strip acting as a buffer. 
 
In Belgium, De Cauwer et al. (2005) compared sown and unsown margins on former 
arable land, which were cut twice a year with cuttings either left or removed. Annuals 
were replaced by perennials and non-nitrogen-fixing dicotyledons with 
monocotyledons but this succession pattern was delayed by mowing and removing 
cuttings. Over time, the decrease in species diversity and density of sown wildflowers 
was more pronounced when cuttings remained on site. In a longer-term study over a 
13-year period, sown margins were still more similar to semi-natural grasslands than 
were naturally regenerated margins, even although they had become invaded by 
rhizomatous perennial species (Smith et al., 2010). Addition of perennial forbs to a 
grass seed mix also provides a more diverse food resource for farmland birds 
(Vickery et al., 2009). Management (and in particular, cutting, cultivation and 
herbicide use) influences the availability of seed on uncropped margins. 
 
In grasslands, re-seeding was found by Sheridan et al. (2008) to have a positive 
effect on botanical diversity compared to fencing off margins, or rotavating and using 
natural regeneration. Rotavation in conjunction with natural regeneration resulted in 
abundant undesirable weed growth so was not recommended. They found that 
exclusion of fertiliser on its own resulted in very slow change in botanical 
composition. 

Reduction of nutrient inputs 
Reducing the nitrogen or phosphorus levels in soil can also promote the 
establishment of a more diverse sward in field margins. Schippers and Wouter (2002) 
evaluated the effects of fertilisation, disturbance, mowing and boundary width on the 
plant community composition of field boundaries. Their study found that perennial 
diversity was greatest with low nutrient input and disturbance, removal of cuttings 
and a wide boundary. This is similar to the findings of Tarmi et al. (2009), where 
species diversity was negatively related to the amount of phosphorus in soil and 
positively related to boundary width. Smith et al. (2010) suggested that leaving 
cuttings in situ after mowing might encourage nutrient demanding species, as 
exemplified by an increase in Urtica dioica under this management. Schippers and 
Wouter (2002) concluded that in order to enhance field boundary vegetation diversity, 
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nutrient input should be prevented, mown material should be removed, disturbance 
should be restricted (to less than one fifth of the area) and the boundary should be as 
wide as possible.  
 
High nitrogen from fertilisation (100 or 300 kg N ha-1 year-1) reduced the forb 
component of species-rich grassland field margins adjacent to hedgerows at a site in 
mid-Wales (Jones and Haggar, 1997). In contrast, the organic treatments (FYM at 
30-42 kg N-1 annual equivalent) showed signs of developing species-rich 
communities. 
 
Smith et al. (2009) looked at the influence of cutting and surface scarification in 
arable field margins on plant litter decomposition. In disturbed margins, surface litter 
was incorporated into the soil where rate of decomposition was increased, possibly 
increasing plant nutrient availability. Soil disturbance is therefore likely to be 
detrimental to the objective of increasing plant species diversity. 

Cutting and grazing 
Bell et al. (1994) tested four management strategies on field margins adjoining 
hawthorn hedges. They found that heavy sheep grazing reduced abundance of plant 
species in hedge bases compared to the fields and reduced the wildlife value of field 
margins. However, complete lack of management resulted in development of a thick 
mat of vegetation which if left could reduce species diversity. Cutting and light 
grazing on organic margins in early summer reduced the number of forb species that 
flowered in summer, although plant species diversity was not reduced. Fenced plots 
were also found to have more forbs in flower than unfenced plots in the summer 
when sampling took place, two years after establishment of the margins (Hopkins 
and Feber, 1997). 
 
Tarmi et al. (2009) investigated factors affecting species diversity and community 
composition on field margin buffer strips and found that mowing was important in 
determining species composition, whereas little or no management tended to result 
in less seedling establishment and thus lower species diversity. Smith et al. (2010) 
found that over a 13-year period, perennial species with high potential growth rates 
were reduced by mowing, and that Cirsium arvense for example could be reduced by 
mowing twice annually. They also noted that over this timescale, mowing frequency 
had more effect than timing. 

Grassland restoration 

Species introductions 
Methods of introduction of seed prevalent in the published literature include sowing of 
seed mixtures (grass and grass with forbs), turf and soil translocation, natural 
regeneration and hay addition. These methods of introducing species are often used 
in conjunction with extensive management. For example, sowing followed by cutting 
and aftermath grazing successfully restored and maintained the same grassland type 
over nine years at two sites in Scotland (Christal et al., 2001). 
 
Most research on seed mixtures shows that addition of seed is generally better than 
relying on natural regeneration. For example, Pywell et al. (2002) investigated 
restoration of species-rich grassland on former arable land and found that sowing a 
species-rich mixture overcame the constraint of a lack of desirable species, whereas 
natural regeneration was slow and unreliable and sowing a species-poor mixture 
resulted in a community less similar to the target one. 
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Low diversity grass seed mixtures sown on former agricultural land resulted in 
development of perennial grass vegetation (Török et al., 2010). This vegetation 
prevented the establishment of weed species and therefore could be an effective tool 
to restoring species-poor grasslands, though further management (e.g. through 
grazing or mowing) would be required to facilitate establishment of grassland 
specialist species. In a review of grassland restoration, Pywell (2006) outlined the 
different approaches to restoration using seeding to counteract poor natural 
regeneration opportunities. Seed mixes (grass and forb) are commonly used and 
while species-rich mixtures can be successful, they are expensive and difficult to 
obtain. Grass-only mixes can cause sites to become grass-dominant and impede 
establishment of desirable species due to a lack of microsites. Addition of traditional 
hay generally results in a grass-dominated species-poor grassland, but fresh cut 
green hay has been found to successfully restore species-rich grassland, as it 
contains a higher proportion of desirable forb species seed (Pywell et al., 1995). 
Timing and frequency of the cut are however very important to ensure correct seed 
content. 
 
Sowing of seed and natural regeneration were compared on chalk grassland in 
southern England (Mortimer et al. (2002). Four years after the restoration began, 
species richness was lower in the ‘low diversity’ sown plots than in the naturally 
colonised and ‘high diversity’ sown plots. Naturally colonised and high diversity plots 
had similar plant diversity but different component vegetation – the naturally 
colonised plots had early successional ruderals such as Crepis capillaris whereas 
high diversity sown plots had sown chalk grassland species, with Centaurea nigra, 
Festuca rubra and Lotus corniculatus most common. However, Fagan et al. (2008) 
found that natural regeneration was more effective than seeding in their evaluation of 
restoration techniques on calcareous grassland. They found little overlap between 
restored and ancient grassland communities even after 60 years. Over time, certain 
plant attributes became more similar to those of reference sites (perenniality and 
ruderality). Seeding with a low diversity mix appeared to be detrimental to restoration 
compared to natural regeneration, as was high soil phosphorus concentration and 
seeding with grass. Reference sites had species typical of chalk grassland (Viola 
hirta, Pilosella officinarum, Thymus polytrichus etc.) whereas restored sites had 
generalist species typical of early successional grassland (Trifolium repens, 
Taraxacum officinale agg., Ranunculus repens etc). They recommended that if 
seeding is being used for restoration, it is important to devise the correct seed mix for 
a site, or ideally to allow natural regeneration to take place. 
 
To combat problems with dispersal of seed, Hellström et al. (2009) investigated seed 
sowing and gap creation for restoration of semi-natural grasslands in Finland. They 
found that where local seed sources were no longer present, sowing of seed helped 
restoration of semi-natural grasslands, though different species achieved different 
levels of success. Creation of gaps for seedling establishment also proved effective, 
and grazing or mechanical means were suggested to be appropriate methods to 
achieve these gaps. Hopwood (2008) looked at the effect of planting native species 
on roadside grasslands in the USA. Restored roadsides, which were also managed 
by mowing or burning, had greater floral species richness and more bare ground than 
weedy non-restored roadsides, which in turn led to greater bee abundances. 
 
Kardol et al. (2008) examined whether a reduction in soil fertility was necessary as 
well as seed addition for establishment of plant species on species-rich grassland. 
Soil fertility was manipulated by addition of carbon (in the form of wood or straw) or 
removal of top soil. Sown species established with or without carbon manipulation. 
Removal of top soil was shown to reduce plant biomass and suppress arable weeds 
but inhibited the effectiveness of sowing mid-successional plant species. Addition of 



 44

carbon caused a short-term reduction in plant biomass but unlike removal of top soil 
did not impact upon the biological properties of the soil. They concluded that in the 
short-term, sowing was more effective than reducing soil fertility. 
 
Lye et al. (2009) investigated how agri-environment prescriptions in Scotland provide 
habitat for bumblebees at certain times of year. Rural Stewardship Scheme (RSS) 
species-rich grassland had a complex `vegetation structure, with tall tussocky 
vegetation. RSS margins had an increased abundance of early forage flowers such 
as Lamium purpureum and Silene dioica despite the lack of forbs in the seed mix 
sown. 

Cutting and grazing regimes 
Extensive management methods, such as cutting and grazing after cessation of 
fertiliser input, can affect the diversity and productivity of improved grassland as well 
as reduce cover of competitive grasses (Walker et al., 2004). Bissels et al. (2006) 
found that flexible mowing regimes at different times of year were best to ensure 
diverse seedling recruitment, in the context of restoration of semi-natural grassland 
communities. On sites which have received minimal fertiliser inputs, extensive 
management can be sufficient to overcome the constraints of seed-limitation and 
high soil fertility, and restoration can occur in less than 20 years (e.g. Gibson et al., 
1987). On sites where repeated fertilisation has occurred however, the process is 
much slower and can take several decades. Bonanomi et al. (2006) found that 
cutting reduced biomass but increased species diversity and had a positive effect on 
cover of most annual and biennial species with a corresponding negative effect on 
perennial grasses such as Dactylis glomerata. Litter removal had similar effect to 
cutting though was less effective at increasing diversity.  
 
Lawson et al. (2004) investigated the effect of seeding and cutting on establishment 
of species-rich grassland on former arable land in north east Scotland. Cutting 
vegetation increased the number and abundance of sown species where 
establishment of sown species was poor. Where establishment was good, cutting 
had little effect. Two or more cuts per year proved to be the most effective 
management technique here, promoting the establishment of forbs and possibly 
determining direction of succession. Sowing significantly reduced the 
abundance/number of naturally colonising species, controlling problem weed species 
such as Senecio jacobaea and Cirsium vulgare.  
 
Management by hay cutting followed by aftermath grazing (following cessation of 
fertiliser), rather than cutting or grazing in isolation, has been shown to be more 
successful in reducing soil fertility in grassland (Hayes et al. 2000; Smith et al. 2000) 
as well as creating suitable conditions for establishment of target species. Cutting 
alone can make restoration a very slow process – the Park Grass experiment took 
70-90 years to revert to Cynosurus cristatus – Centaurea nigra grassland (Dodd et 
al., 1994) – and can favour coarse grasses. Perennial grassland communities 
respond slowly to different grazing intensities (Bullock et al., 2001) and abundance of 
forb species usually increases under heavy grazing. Pywell (2006) reviewed a Defra 
research study of species-poor grassland where heavy mixed grazing caused an 
increase in forb diversity but also in undesirable weed species. Where cutting and 
grazing are both practised, cutting can remove competition and subsequent grazing 
creates suitable microsites for germination. Hay-cutting and grazing management 
also enabled creation and maintenance of diverse grassland communities on former 
arable land (Pywell et al., 2002). 
 
Maintenance, improvement and expansion of calcareous grassland are also 
dependent on management (grazing, mowing and burning) to manipulate competitive 
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interactions within plant communities (Rodwell, 1992). Maccherini et al. (2007) found 
that shrub cutting alone was insufficient to restore the community composition in 
calcareous grassland. Arable and ruderal species were more frequent in restored 
sites, whereas reference grassland had species typical of calcareous grassland. The 
high intensity, short duration grazing management used on Salisbury Plain in a study 
by Woodcock et al. (2005) may be a potentially useful form of management in other 
calcareous grasslands where maintaining on-site populations of livestock is 
impractical. This would allow the conservation benefits of grazing without the cost 
and difficulty of maintaining livestock on-site permanently. 

Disturbance 
In southern England, soil and turf translocation was used as a restoration technique 
on chalk grassland. Plots undergoing soil or turf translocation had higher species 
diversity than those without translocation, with species such as Galium mollugo and 
Veronica chamaedrys colonising (Mortimer et al., 2002). Although de-turfing has 
been shown to remove nutrient pools in the upper layers of soil and reduce the yield 
of some target species (Tallowin and Smith, 2001), it is unlikely to be an acceptable 
technique on agri-environment land. Pywell et al. (2007) found that severe 
disturbance (turf removal then seed addition) was the most effective way to increase 
diversity. Disturbance by multiple harrowing was moderately effective and was 
enhanced by molluscicide application to reduce seedling herbivory and by sowing the 
hemi-parasitic Rhinanthus minor to reduce competition from grasses. Low-level 
disturbance (grazing or slot-seeding) was ineffective. Three treatment options were 
recommended: - de-turfing of small areas, creating patches with low competitive 
conditions for rapid establishment of target community; harrowing or slot-seeding 
over large areas to establish a limited number of desirable generalist species that 
perform well in restoration; and phased restoration, using R. minor or fertilisers to 
reduce productivity and competition over three to five years (to accelerate 
phosphorus off-take), followed by harrowing and seeding. 
 
Edwards et al. (2007) used hay strewing and brush harvesting in conjunction with 
pre-treatment disturbance (power harrowing and turf stripping) on chalk grassland 
and lowland hay meadow. Seed addition increased plant species richness and the 
pre-treatment disturbance enhanced this. Both methods of seed addition increased 
species richness but hay strewing created a sward most similar to that of the donor 
site. On chalk grassland, the turf stripping was the most effective method of 
disturbance whereas on the lowland hay meadow site, power harrowing was 
sufficient. Effective restoration will therefore depend on appropriate soil disturbance, 
seed application rate at the recipient site and timing of the cut at the donor site. 

Nutrient depletion 
The length of time taken for areas to recover after nitrogen fertilisation (i.e. reduction 
in cover of dominant grasses) has been shown to vary significantly. For example, Olff 
and Bakker (1991) found that on improved hay meadows in the Netherlands, Holcus 
lanatus took 13 years to decline where a cutting regime was practised. Hejcman et 
al. (2007) and Hrevusová et al. (2009) found long-term residual effects of fertilisation 
in the Czech Republic, particularly phosphorus and potassium. 
 
Addition of nitrogen or potassium fertiliser accelerated off-take of phosphorus in cut 
herbage, but did not reduce soil phosphorus or increase plant diversity (Pywell et al., 
2007). A study in northern England showed that restoration of upland hay meadows 
using extensive management could take more than 20 years (Smith et al., 2002). 
Because of seed limitation and the residual effect of fertilisation, changes in 
vegetation composition are usually too small to cause a shift in vegetation 
community. In the Czech Republic, Hejcman et al. (2007) investigated the effect of 
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previous fertilisation on Nardus-rich grassland sward structure. Plots had remained 
abandoned since fertilisation had taken place nearly 40 years previously but effects 
were still visible. Nardus stricta was reduced in the phosphorus-fertilised plots, 
replaced by Anthoxanthum alpinum and Avenella (Deschampsia) flexuosa. However, 
Nardus stricta remained dominant in the unfertilised controls and in the limed/ 
nitrogen-fertilised plots. Phosphorus fertilisation showed a stronger effect on floristic 
composition than nitrogen and calcium treatments. Semelová et al. (2008) also found 
long-term residual effects of fertilisation. They looked at the residual effects of a 200 
year grassland fertilisation, where 60 years after fertilisation ceased, effects of 
calcium concentration were still observed and magnesium and phosphorus 
concentrations of above-ground plant biomass were still affected. 
 
Hrevusová et al. (2009) found long-term after-effects of fertilisation in alluvial 
grassland in the Czech Republic. Soil pH and organic C, Ca, Mg and N 
concentrations were not significantly affected by former fertiliser treatments, though 
plant-available P and K concentrations were still significantly raised after 16 years. 
Biomass production increased when fertiliser was applied but there was no clear 
pattern after fertiliser application ceased. Plant species composition was however 
significantly affected even after fertilisation stopped. More dicotyledons (such as 
Alchemilla sp.) were found in control plots without fertilisation whereas tall grasses 
were associated with fertilised plots. 
 
Hay meadow species richness has been found to be inversely related to the mean 
amount of farmyard manure (FYM) applied each year (Kirkham et al., 2008). The 
frequency of application was also important, with intermittent treatments perhaps 
better than regular. Contrary to expectations, inorganic fertiliser appeared to be less 
damaging to vegetation composition than FYM equivalents, possibly due to 
increased organic matter content and moisture retention, although nitrogen or 
phosphorus levels in FYM might have been underestimated. It was thought that 
some initial improvement of species richness could be achieved on semi-improved 
sites by cessation or reduction of nutrient inputs. Occasional liming to maintain pH at 
6 would appear to be beneficial, though application of FYM or inorganic fertilisers 
would be best avoided. 
 
Haysom et al. (2004) investigated the effect of different cutting regimes on carabid 
beetles in a conservation headland at the edge of a silage field in southern Scotland. 
However, they found that high soil fertility (in particular phosphorus) was often an 
obstacle in increasing biodiversity. Fertiliser applications as low as 25 kg N ha−1 have 
been found to reduce plant diversity on certain soils, mainly due to the associated 
phosphorus (Tallowin, 1996). 
 
Low fertility soils should be targeted for restoration and consideration given to 
phased introduction of species after restoration, once conditions are more favourable 
and the plant community is more stable. Because of the often high residual fertility on 
restoration sites, stress-tolerators, specialists and species characteristic of low 
fertility habitats such as Sanguisorba officinalis and Thymus polytrichus are less 
successful (Pywell et al., 2003). Restoration should also be targeted at grassland 
sites that have not been abandoned for too long. Öckinger et al. (2006) looked at 
restoration of grassland in Sweden and found that when succession had proceeded 
too far after abandonment, greater cover of trees and shrubs resulted in lower 
species richness. It is also recognised that agri-environment schemes should 
encourage use of material of local provenance (Bullock et al., 2003). 
 
A review of grassland restoration by Pywell (2006) concluded that the priorities for 
research into restoration should be looking at the long-term performance of species 
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and constraints to the establishment of poor-performing species e.g. their microsite 
requirements, which may also apply to hedgerow herbaceous flora. 

Restoration timescales 
Based on the restoration techniques reviewed, likely timescales have been estimated 
in order to achieve particular targets (Table 6). Restoration methods for which there 
is insufficient information in the literature have been omitted. 
 
Without active introduction of woodland plant species, a single hedge could take 
hundreds of years to be colonised from ancient woodland (McCollin et al., 2000). 
This estimate was based on known migration rates of woodland plants in northern 
temperate forests, which ranged from 0 – 5.5m per year, but often much less than 
1m per year. More mobile woodland species can migrate more quickly but can still be 
expected to take up to 30 years (Roy & de Blois, 2008). 
 
For grassland habitats, full restoration has been estimated to be possible in less than 
20 years where there has been minimal historic fertilisation (Gibson et al., 1987) but 
estimates for restoration where there has been fertilisation range from over 20 years 
(Hrevusová et al., 2009) to over 60 years (Semelová et al., 2008; Fagan et al., 2008). 
For hay meadows, restoration using cutting has been estimated to take over ten 
years (Olff & Bakker, 1991); or with extensive management over 20 years (Smith et 
al., 2002). 
 
Where a perennial grass margin is to be established next to the hedge base, initial 
establishment of perennial vegetation is likely to take around two years. In the first 
year of establishment, annuals tend to dominate but these then decrease and 
perennials become established. Restoration using Rhinanthus minor in the seed 
mixture to reduce biomass of more competitive grasses can result in an increase in 
establishment of desirable forbs from seed added two years later, and after three to 
five years conditions should be suitable for establishment of desirable species after 
harrowing. The response of perennial grassland communities to grazing can take 
over five years to take effect (Bullock et al., 2001). 
 
Overall, these estimates suggest that where major restoration is being carried out, 
some amendment of the herbaceous flora should be possible within 2-5 years but 
that reversion to something resembling semi-natural vegetation is likely to take more 
than ten years, and quite possibly several decades. Most of the evidence found was 
in relation to grassland restoration and it is assumed that restoring woodland or 
species-rich tall herb vegetation will take timescales of a similar order. Further 
evidence might be available from other related habitats such as fens and heathlands 
but is beyond the scope of this review. Timescales to achieve a particular target are 
likely to vary considerably between individual sites, depending on the initial 
vegetation, soil properties and the methods applied. 
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Table 6. Restoration timescale estimates from published literature. 
 
Timescale Habitat/ restoration Evidence 

2 years Establishment of perennial vegetation West et al., 1999 
West & Marshall, 1996 
Asteraki et al., 2004 

3 to 5 years Rhinanthus minor in seed mix Pywell et al., 2007 
>5 years Perennial grassland restoration using grazing Bullock et al., 2001 
>10 years Restoration of hay meadows (time taken for 

Holcus lanatus to decline) – using cutting regime 
Olff & Bakker, 1991 

<20 years Restoration of grassland with minimal fertiliser 
inputs 

Gibson et al., 1987 

>20 years Restoration of grassland with historic fertilisation 
– P and K concentrations and plant species 
composition still affected after 16 years 

Hrevusová et al., 2009 

>20 years Restoration of upland hay meadows, using 
extensive management 

Smith et al., 2002 

< 30 years Hedgerows – time taken for colonisation of mobile 
forest species 

Roy & de Blois, 2008 

>30 years Restoration of grassland with repeated 
fertilisation 

Gibson et al., 1987 

>40 years Restoration of grassland with historic fertilisation 
– Nardus stricta still present after 40 years 

Hejcman et al., 2007 

>60 years Restoration of calcareous grassland – little 
overlap between restored and ancient 
communities even after 60 years 

Fagan et al., 2008 

>60 years Restoration of grassland with historic fertilisation 
– nutrient concentrations of above-ground plant 
biomass still affected 60 years since fertilisation 
last occurred 

Semelová et al., 2008 

70 – 90 years Restoration of grassland (Cynosurus cristatus – 
Centaurea nigra) by cutting alone 

Dodd et al., 1994 

>100 years Natural colonisation of a complete hedge from 
adjacent woodland 

McCollin et al., 2000 

 
 

5. Hedgerow soils 
To date the purpose of most hedgerow surveys has been to ascertain the form, 
condition and nature of UK hedgerows, without any form of soil sampling or analysis. 
However, research over many years by Hooper and colleagues (e.g. Hooper, 1992) 
has suggested that the two major factors affecting the diversity of a hedge are soil 
type and age. Deckers et al. (2004) also found that the most important factor group 
for explaining the variation in plant species composition of Belgian hedgerows was 
environmental conditions (which comprised of an assessment of soil texture, soil 
moisture and soil profile description, as well as elevation and ditch water level). 
Indeed soil conditions (e.g. nutrient status, pH and wetness) are likely to play an 
important role in determining hedgerow flora (Aude et al., 2003), as with many semi-
natural grassland habitats (Critchley et al., 2002a). Despite this, there is virtually no 
data on hedgerow soils in the UK, with the underlying soil fertility inferred from 
botanical assessments and in particular, the presence or absence of indicator 
species associated with nutrient enrichment. For example, McCollin et al. (2000) 
assigned Ellenberg indicator scores (light, moisture, reaction and nitrogen) to the UK 
CS hedgerow database (CS1990, Barr et al., 1993)  in order to compare the habitat 
characteristics (and hence soil conditions) of hedgerow communities with those of 
woodland plant communities. They found that the species composition of hedgerows 
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was associated with drier, more fertile conditions with a lower soil acidity compared 
to woodlands. 
 
There have been a number of national soil surveys which provide invaluable data on 
the nature of soils under a wide range of habitats, for example: Representative Soil 
Sampling Scheme (Webb et al., 2001), National Soils Inventory (Loveland, 1989), CS 
(Carey et al., 2008) and Environmentally Sensitive Areas sampling scheme (Critchley 
et al., 2002b). Although hedgerows are excluded from these sampling schemes, 
these databases were interrogated to establish the soil conditions associated with 
typical herbaceous hedgerow flora but also often present in other habitats such as 
semi-natural grasslands or woodlands. 

Methods 
The NVC communities that the 13 CS clusters resembled and the Broad Habitats 
which differentiated the clusters were identified in Section 3 (Table 3 and Figure 4a, 
b). Typical soil properties potentially associated with these communities and habitats 
were inferred from the following national soil surveys: 
 
Environmentally Sensitive Areas (ESA) sampling scheme: 462 lowland grasslands in 
England classified according to the NVC framework (Rodwell, 1991, 1992). Summary 
statistics of the topsoil (0-7.5cm) properties associated with each NVC community 
have been reported by Critchley et al. (2002b). 
 
Countryside survey (CS) 2007: Field Survey (habitats, vegetation, soils (0-15 cm) 
and freshwater) of 591 1km x 1km sample squares spread across England, Scotland 
and Wales. Summary statistics of topsoil properties for broad habitat classes in 2007 
were obtained by interrogating the on-line database at 
www.countrysidesurvey.org.uk/data.html (Carey et al., 2008). 
 
National soils inventory (NSI: 1983): 5691 topsoil (0-15cm) samples taken from a 
5km grid across England and Wales, with sites classified according to broad land-use 
classes (Loveland et al., 1990). 
 
The Representative Soil Sampling Scheme (RSSS, Webb et al., 2001) was not 
included in the data interrogation exercise because it only sampled soil from 
managed agricultural land (arable, ley and permanent grass fields), the majority of 
which receives fertilisers and lime and therefore tends to have near-neutral pH and 
high levels of extractable P. In addition, the RSSS does not include analysis of 
organic matter or total nitrogen. 

Results 
The majority of hedgerow clusters were associated with the largely unmanaged MG1 
grassland community, with some more improved grassland types (MG6, MG7) also 
represented (Table 3). A few clusters also had an affinity to the scrub woodland 
communities (W21, 23, 24 & 25), as well as more open communities (OV24 & 26). 
The ESA soils database and summary soil properties reported by Critchley et al. 
(2002b) provide a direct read-across for the mesotrophic grassland community types 
represented by the cluster groups (Table 7). This suggests that for the majority of 
hedgerows (with the exception of C3, C4, C7 & C13), the soils are likely to have 
some properties similar to the MG1 community, i.e. a near-neutral pH, a low to 
moderate phosphorus-P status and relatively high organic matter status, particularly 
in comparison to arable topsoils (as demonstrated by results from the CS and NSI, 
Table 8 and Table 9). C10 (and to a lesser extent C8 & C13) had an affinity to the 
more improved grassland types (MG6 & MG7), with associated higher soil fertility (as 

http://www.countrysidesurvey.org.uk/data.html�
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indicated by the P, K and total N status; Table 7). However, it should be noted that 
the ESA dataset was limited to specific areas so might not be fully representative of 
grasslands in the wider countryside. For example, some of the improved grassland 
was sampled from grazing marsh where organic matter levels would be relatively 
high. Cluster group 13 also had an affinity to the acid grassland community U4, which 
was not included within the ESA database. However, CS data (Table 8) suggest 
these soils will have a lower pH (<5.0) and higher total N and organic matter content 
compared to the neutral grassland communities. 
 
 
Table 7. Soil properties of the grassland communities represented in the cluster 
groups – English ESA soils database (Critchley et al., 2002b). 

Soil propertiesa NVC Clusters 
represented nb pH Ext. P 

(mg/l)c 
Ext. K 
(mg/l)c 

Total N 
(%) 

OM  
(%) 

MG1 C1,C2,C5,C6,C8,
C9,C10,C11,C12 

23 7.5 
(0.78) 

11.7 
(7.05) 

Index 1 

133  
(51.9) 

Index 2- 

0.84 
(0.28) 

14.7 
(4.98) 

MG6 C8,C10, C13 90 5.9 
(0.69) 

13.2  
(7.85) 

Index 1 

164  
(82.4) 

Index 2- 

0.71 
(0.34) 

10.4 
(6.66) 

MG7 C10 100 6.6  
(0.90) 

18.5  
(13.5) 

Index 2 

213  
(119.7) 

Index 2+ 

0.90 
(0.44) 

14.3 
(8.02) 

amean with standard deviation in parenthesis; soil analysis used standard analytical 
techniques with OM determined by loss on ignition (Anon., 1986). 
bNumber of soil samples 
cClassified according to the ADAS Index scale of agricultural productivity (Anon., 2000): Index 
0 = low; Index 1 = moderate; Index 2&3 = satisfactory; Index 4 = high. 
 
The CS and NSI soil databases were also used to establish the typical soil properties 
associated with grassland habitats, although these were not classified according to 
the NVC. Instead, Table 8 and Table 9 report ‘typical’ soil properties associated with 
neutral and improved grasslands (CS) or permanent grassland and rough grazing 
(NSI). The summary soil properties of these habitats suggest a lower soil pH and 
higher P status compared with the ESA grasslands. However, CS and NSI results 
were obtained from a much larger database, covering a wide range of grassland 
communities with different levels of agricultural improvement, and can therefore only 
provide a very broad guide to the likely soil properties. 
 
CS and NSI also surveyed woodland and scrub (NSI only) communities, to which 
clusters C3, C4, C5 and C7 had an affinity. Both datasets suggest that soils under 
deciduous woodland and scrub have a lower pH and higher total N content than 
permanent (managed) grassland, but all of the other reported properties were similar. 
 
Data from arable topsoils in the CS and NSI datasets show high P and pH status and 
low OM status. However, these samples are from arable fields rather than field 
boundary habitats, so the arable-type clusters are likely to have soil properties that 
are more similar to the MG1 grasslands than to the arable topsoil samples. 
 
Figure 4c shows the proportion of species within each cluster group with high and 
low Ellenberg fertility and pH scores. The majority of clusters (10) had species 
associated with high fertility conditions (Ellenberg fertility scores between 6 & 9). The 
exceptions were clusters C5 (largely woodland & boundary species), C8 (grassland) 
and C13 (acid grassland). Nutrient enrichment due to inaccuracies in fertiliser 
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placement on adjacent agricultural land has been suggested to (partly) explain 
elevated Ellenberg fertility scores of some hedgerow flora (Barr et al., 2005). 
Ellenberg pH scores were more varied, with 5 cluster groups (C3, C5, C8, C10 & 
C13) associated with more acidic conditions (Ellenberg pH scores between 1 & 6) 
 
Table 8. Soil properties of the broad habitat types represented in the cluster groups – 
CS (2007) soils database for Great Britain (Carey et al., 2008). 

Soil propertiesa Habitat Clusters 
potentially 
represented 

pH Ext. P 
(mg/kg) 

Total N (%) OMc 
(%) 

Neutral 
grassland 

C1, C2, C6, C8, 
C10, C13 

6.1 
(6.0, 6.3) 

24.5 
(19.5, 30.2) 

0.47 
(0.41, 0.53) 

11.7 
(9.6, 14.3) 

Improved 
grassland 

C1, C6, C8, C10, 
C11, C13 

6.3 
(6.2, 6.4) 

32.9 
(27.5, 39.6) 

0.45 
(0.42, 0.49) 

9.66 
(8.7, 10.8) 

Mixed 
woodland 

C3, C4, C5, C7 5.8 
(5.5, 6.0) 

23.8 
(17.6, 31.5) 

0.65 
(0.54, 0.77) 

12.5 
(10.2, 15.3) 

Acid grassland C13 4.8 
(4.7, 4.9) 

21.1 
(1.4, 28.4) 

1.23 
(1.04, 1.42) 

38.1 
(30.7, 46.3) 

Arable C2, C9, C11, C12 7.2 
(7.1, 7.3) 

44.2 
(37.0, 51.8) 

0.25 
(0.24, 0.28) 

5.0 
(4.9, 6.4) 

Countryside Survey © Database Right/Copyright NERC– Centre for Ecology & Hydrology. All 
rights reserved.  
amean with 95% Confidence limits in parenthesis; The on-line data base does not report the 
number of samples taken from each habitat type. 
bNote: different units for extractable P; Extractable K was not determined;  
cOM measured by loss on ignition and reported for samples taken in England only 
 
 
Table 9. Soil properties of the broad habitat types represented in the cluster groups – 
NSI (1983) soils database for England and Wales (Loveland et al., 1990). 

Soil propertiesa Habitat Clusters 
potentially 
represented 

nb pH Ext. P 
(mg/l)c 

Ext. K 
(mg/l)c 

Total N 
(%) 

OM  
(%) 

Permanent 
grass 

C1, C2, C6, C8, 
C10, C11, C13 

1509 5.74 
(0.92) 

23.5 
(22.7) 

Index 2 

154 
(128.9) 
Index 2- 

nd 8.7 
(7.03) 

Rough grazing C5, C13 274 5.02 
(1.17) 

18.3 
(17.9) 

Index 2 

143 
(153.9) 
Index 2- 

nd 21.0 
(22.6) 

Deciduous 
woodland 

C3, C4, C5, C7 261 4.96 
(1.21) 

19.4 
(23.8) 

Index 2 

161 
(121.0) 
Index 2- 

nd 10.9 
(11.0) 

Scrub C3, C4, C5, C7 82 5.34 
(1.35) 

21.8 
(19.9) 

Index 2 

175 
(122.0) 
Index 2- 

nd 11.0 
(13.0) 

Arable C2, C9, C11, C12 1837 7.0 
(0.85) 

32.1 
(22.7) 

Index 3 

209 
(141.2) 

Index 2+ 

nd 5.37 
(6.19) 

amean with standard deviation in parenthesis; soil analysis used standard analytical 
techniques with OM derived from organic C measurements using conversion factor of 1.724. 
bNumber of soil samples 
cClassified according to the ADAS Index scale of agricultural productivity (Anon., 2000): Index 
0 = low; Index 1 = moderate; Index 2&3 = satisfactory; Index 4 = high. 
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6. Provisional restoration recommendations 
The approach applied for restoration of the herbaceous hedgerow flora at individual 
sites will be dependent primarily on the type of vegetation present, the adjacent land 
use and the intended endpoint of restoration. Objectives for particular types of 
vegetation can be set by reference to the attributes of the 13 clusters identified from 
the CS dataset. Where the existing vegetation is considered to be of high 
conservation value then the overall objective would normally be to conserve its 
characteristics. Examples of this would be species-rich woodland, grassland or tall-
herb communities. The endpoint for other vegetation types will depend upon what 
can be realistically achieved, taking into account the presence of competitive species 
and having some knowledge of the soil nutrient status. Where natural regeneration of 
diverse, semi-natural vegetation is unlikely to occur, then plant communities 
containing relatively common and more easily established species will be a more 
appropriate target. In extreme cases where the flora is dominated by problematic 
species such as Galium aparine, then the only achievable outcome might be 
replacement of the existing vegetation with a closed sward of sown species. 
 
The precise methods used to achieve the restoration objectives will be dependent 
partly on the adjacent land use, for example whether grazing livestock are likely to be 
present. Other factors that will need to be taken into account include the structure of 
the hedge (e.g. whether the canopy overhangs the hedge base), the base itself (e.g. 
whether a bank is present) and the soil properties. The costs of different methods 
and capabilities and expertise of land managers will also limit what might be practical 
at individual sites. Provisional recommendations based on characteristics of 
vegetation types identified from CS and local datasets and results of the literature 
review are presented here. The 13 CS clusters and their equivalent local clusters 
have been amalgamated into six distinct groups, those within each group having 
similar objectives and requiring similar approaches to restoration. The names given 
to the groups relate to the type of species present in the hedgerow vegetation and 
not necessarily the habitat or landscape in which it is located, although in many 
cases the two will be related. A provisional scheme for field recognition of the six 
groups along with simplified sets of management recommendations for practical 
application is also included in Appendix 4. 

All vegetation types 
A number of management practices were identified in the literature review that are 
generally applicable to all types of basal flora, whether the objectives are to maintain 
the current vegetation or to carry out major restoration. Avoiding fertiliser application 
(both organic and inorganic) and herbicide drift are essential to protect existing 
vegetation and increase the chances of successful restoration. Hedge flailings can 
also act as a mulch and possibly raise the nutrient status, so these should be 
removed when a high volume of cuttings is produced. On arable land, establishment 
of a perennial grass margin or cultivated margin adjacent to the existing hedge base 
will provide increased protection from agricultural inputs. Similarly, avoiding high 
levels of grazing intensity and disturbance are essential and might require stock-
proof fencing (or rabbit control) at least during the early phase of restoration. 
Damage to the existing sward by trimming too closely should also be avoided 
although moderate levels of disturbance can facilitate regeneration of desirable forbs 
if already present on the site. 
 
Maintaining the structure of the hedge itself by regular management is also essential 
to conserve the basal flora and hedge bottom features such as banks, verges and 
ditches should be maintained. Degeneration of the hedge into a line of densely 
shading, overgrown shrubs as a result of long-term neglect will alter the physical 
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environment essential for the herbaceous vegetation. Livestock can also damage the 
hedge structure by browsing or excessive trampling while sheltering and this should 
be prevented. Where rotational coppicing is a traditional practice, this will produce a 
suitable structure. Maintaining a wide hedge and replanting gaps will also be 
beneficial in most situations. There will be exceptions however, exemplified by Devon 
hedges that comprise a high, steep bank on which the species-rich basal flora is 
dependent on maintaining the hedge as a narrow, tightly-managed shrub line on the 
bank top. 

Group 1: Woodland Herbs 
Clusters: Typical Woodland (C3, L12), Alkaline Woodland (C7, L11) & 
Woodland with Grassland (C5, L9) 
These three vegetation types contain species strongly associated with woodland 
habitat and low light levels, with a tendency to be located under the hedge canopy. 
They also contain species suited to low grazing intensity, despite being associated 
primarily with adjacent grassland. Woodland with Grassland is also associated with 
relatively low nutrient availability. 
 
If the woodland element consists of a diverse range of species, the management 
objectives for these three vegetation types would be to maintain their characteristics, 
and particularly this woodland element. Cutting of the basal flora should be limited to 
a maximum of once a year outside the growing season as more frequent cutting 
could result in replacement of the woodland flora with grassland. Cuttings should also 
be removed to avoid excessive build up of litter and nutrients. Grazing of woodland 
flora should be avoided. 
 
If the woodland element is dominated by competitive species, then the objective 
would be to increase the diversity of woodland species. For example, Rubus 
fruticosus or Hedera helix can have high cover in Typical Woodland or Alkaline 
Woodland and it might be necessary to reduce their dominance and introduce other 
woodland species. R. fruticosus and H. helix can be reduced by grazing in summer, 
which might be sufficient to regenerate other species if they are present at low 
densities. H. helix might be symptomatic of dense shading and reduction of the 
hedge canopy by more regular management would allow other species to 
regenerate. In extreme cases, it might be necessary to re-establish other woodland 
species by introducing plug plants, although this is only practicable on a small scale. 

Group 2: Species-rich or Semi-improved Grassland 
Clusters: Mesotrophic Grassland (C8, L13) and Acidic Grassland (C13, L3) 
These two groups are typified by species associated with grassland but with lower 
nutrient levels and higher stress than in the other grassland types. They also tend to 
occur on banks and adjacent to grassland habitats, and contain species associated 
with moderate levels of grazing. Mesotrophic Grassland also often has a wetland 
component associated with the adjacent grassland or with drainage ditches. 
 
The objectives for these two vegetation types would be to maintain their grassland 
characteristics and retain or improve any existing woodland or wetland element. This 
would be achieved primarily by maintaining low grazing intensity where sites are 
adjacent to pasture. Alternatively, the basal flora should be mown every 1-3 years in 
mid- to late summer and cuttings removed, followed by light grazing of the aftermath 
if livestock have access. Ditches should also be maintained by clearing out sections 
on a rotation of approximately three years, depending on recolonisation rates. 



 54

Group 3: Rank Grassy Vegetation 
Clusters: Closed Grassland (C6, L6), Closed Arable (C2, L1, L10) and General 
Closed (C1, L2) 
The Rank Grassy Vegetation types were variants of the MG1 Arrhenatherum elatius 
grassland, collectively having a widespread geographic distribution and likely to 
occur adjacent to grassland or arable land. All three groups were characterised by 
species typical of rank vegetation under high nutrient availability. 
 
The restoration objectives for these types would be to reduce nutrient levels and 
increase the incidence of woodland species, tall herbs and grassland forbs. Shaded 
or north-facing sites would be more suitable for establishing woodland species, 
especially if near to existing woodland, whereas grassland species would be more 
easily established on open or south-facing sites. Sites facing a road or other non-
agricultural land will be better protected from agricultural inputs but might have more 
restricted access and grazing is unlikely to be an option. Destruction of the existing 
sward or disturbance of the soil surface should be avoided to prevent establishment 
or further spread of competitive species that would be able to exploit the relatively 
high nutrient status of these sites. Problematic species such as Cirsium arvense 
should be controlled in initial years by cutting twice annually and removing cuttings. It 
might be possible to restore the Closed Grassland type simply by extensive 
management over a period of years, by mowing and removing cuttings and light 
grazing of the aftermath if adjacent to pasture. Introduction of Rhinanthus minor 
might also be used to reduce productivity during the first 3-5 years of restoration. 
 
Re-introduction of grassland or woodland species into the established vegetation 
could be attempted as part of a longer term strategy if the biomass and fertility of the 
site have been reduced successfully. This would be best achieved by introducing 
plug plants to minimise disturbance, although this is only practicable on a small 
scale. Only generalist grassland forbs proven to establish readily should be included. 
Woodland plants are only likely to establish successfully if competitive species have 
been eliminated. 

Group 4: Species-poor Pasture 
Clusters: Disturbed Grassland (C10, L7) 
This vegetation type is typical of the heavily grazed and disturbed hedge basal flora 
found in improved pasture where livestock frequent the zone immediately adjacent to 
the hedge itself. This vegetation type is often located under the hedge canopy, a 
consequence of situations where livestock have access right up to the hedge base. 
 
The restoration objective of Species-poor Pasture would be to re-establish perennial 
grassland vegetation containing common forb species, in addition to woodland and 
hedgebank species next to the hedge base. Restoration in this situation should only 
be contemplated if livestock can be excluded during the initial restoration phase and 
grazing or trampling restricted to a low level once vegetation has re-established. 
Restoration is unlikely to be successful if soil nutrient status is high and this should 
therefore be tested, following published guidelines for grassland restoration (Natural 
England, 2009). 
 
Re-establishment of a grassland sward from seed will require seedbed preparation 
by multiple harrowing followed by sowing a grassland seed mixture containing 
generalist grassland forbs or by spreading green hay harvested from a suitable donor 
site. Seedling establishment needs to be monitored closely and molluscide applied if 
necessary to reduce seedling herbivory. Inclusion of Rhinanthus minor in the seed 
mixture will also help to reduce the biomass of the more competitive grasses. 
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Subsequent management should follow standard recommendations for grassland 
restoration, including mowing and removal of cuttings and re-introduction of light 
aftermath grazing once the sward is fully established. 
 
Re-establishment of woodland species will be dependent on suitable conditions 
under or close to the hedge canopy. At least 30% cover of leaf litter on the soil 
surface is required, so sufficient time will be needed for this to develop following 
stock exclusion. Seeding should be applied at 5-10kg ha-1, and sown in late winter or 
early spring. Vegetatively reproducing species can be introduced at a small scale as 
plug plants. 
 
If a hedgebank is present, erosion and slippage might hinder restoration. In that 
situation, hessian textile or pre-seeded soil-filled hessian bags could be used to 
stabilise the bank. Alternatively, the bank could be returfed, although locating a 
suitable donor site and avoiding unacceptable levels of damage are likely to be 
difficult. 

Group 5: Disturbed Arable 
Clusters: Disturbed Arable (C9, L8), Intermediate Arable (C12) and Arable 
Complex (C11, L4, L5) 
These three vegetation types contain species primarily associated with arable 
habitat. Not surprisingly, they are commonly, although not exclusively, located at the 
field edge adjacent to arable land. They are typified by high nutrient status and 
disturbance to varying degrees and are distinctive in having relatively high mean 
cover values of Galium aparine (Disturbed Arable), Elytrigia repens (Intermediate 
Arable), Urtica dioica (Arable Complex) or other species with similar requirements. 
 
These types represent the most severely modified basal flora and the management 
objective would be to re-establish perennial grassland and / or woodland vegetation. 
However, as in the case of Species-poor Pasture and the Rank Grassy Vegetation 
types, restoration should only be attempted if soil nutrient status is relatively low, if 
competitive species can be eliminated and if management can be sustained beyond 
the short-term. Restoration of these degraded types is likely to be challenging and 
would require destruction of the existing vegetation using herbicide, followed by 
reseeding and subsequent management as described above for Species-poor 
Pasture. As a minimum, establishment of a 6m sown grass margin following agri-
environment scheme guidelines will provide a measure of protection from agricultural 
activities. 

Group 6: Sparse Vegetation in Shade 
Clusters: General Sparse (C4) 
This vegetation type had low cover of herbaceous vegetation, as typified by that of 
the impoverished field layer of W21 Crataegus monogyna – Hedera helix scrub, 
which is attributable to dense shading. 
 
The objective for this vegetation would depend on the type of species already 
present. If they are primarily woodland species, the vegetation might represent the 
community normally found under dense scrub and maintenance would be an 
acceptable objective. However, if species associated with eutrophic or disturbed 
conditions are present, the objective would be to re-establish a woodland-type flora 
under or beside the hedge canopy. To achieve this, the canopy would need to be 
reduced to increase light penetration. This could be achieved by re-introducing 
regular hedge management by laying, copping or trimming. However, the overall 
conservation objectives for the total hedge habitat should be assessed first. For 
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example, a large overgrown hedge might have significant value for birds in providing 
nesting habitat, songposts and a supply of berries and invertebrate food, whereas a 
neglected hedge might be in danger of changing to a line of trees with no true shrub 
layer. If reducing the canopy is justified, then woodland flora could be restored 
following the procedures as described above for Species-poor Pasture. If a remnant 
woodland flora still exists, then natural regeneration might be an alternative option. 

7. Potential effects on BAP Priority Species 
Wolton (2009b) identified 130 BAP Priority Species associated with hedgerows. 
Hedgerow structural features used by Biodiversity Action Plan Priority Species 
include hedgerow trees (61% of species); margins (43%), the scrub layer (40%) and 
the hedge base (37%) (Webb et al., 2010). The requirements of these BAP species 
can be represented by 12 ‘flagship’ species (Wolton, 2009b; Table 10). Hedgerow 
trees provide a suitable substrate for lichens such as orange-fruited elm-lichen 
(Caloplaca luteoalba), and a feeding habitat for invertebrates such as the goat moth 
(Cossus cossus) and the large carder-bee (Bombus muscorum). They also provide 
roosting habitat for tree sparrow (Passer montanus) and the soprano pipistrelle bat 
(Pipistrellus pygmaeus). The scrubby element of the hedge is used for breeding, 
shelter and feeding by dormouse (Muscardinus avellanarius), bullfinch (Pyrrhula 
pyrrhula) and brown hairstreak butterfly (Thecla betulae). The hedge base is 
important for hedgehog (Erinaceus europaeus), purple ramping fumitory (Fumaria 
purpurea), and yellowhammer (Emberiza citrinella) and for amphibians and reptiles 
including common lizard (Zootoca vivipara) (Webb et al., 2010). 
 
In general, if the herbaceous hedgerow flora is in favourable condition, this will be 
beneficial to the flagship and other BAP Priority Species. Similarly, if the end-point of 
restoration is a diverse and well-structured herbaceous flora, then this would fit the 
requirements of most species. However, the restoration practices used to achieve 
this might cause disturbance in the short-term that is detrimental to populations and it 
is therefore important to assess the potential effect of practices and outcomes. This 
is particularly necessary where European Protected Species such as the dormouse 
are present. The principle techniques identified in the review and their potential 
effects on flagship species are summarised in Table 11. The main evidence sources 
used for the assessments were Barr et al. (2005), Buglife (2003), Wolton (2009b) and 
the Hedgelink website. 
 
Overall, there would appear to be relatively few potential conflicts between the 
requirements of the BAP species and the restoration methods. This is perhaps 
unsurprising since the current recommendations for management and restoration of 
hedges and other habitats are intended to create and maintain high quality habitat 
that is beneficial to a wide range of taxa and with minimum negative impact from the 
practices applied. Where there is a potential conflict between the requirements of the 
herbaceous flora and a particular species, then priorities will need to be set on a site 
by site basis. Examples would be the conflicting value of a wide hedge for 
herbaceous flora and nesting yellowhammer, or the elimination of small-scale bank 
erosion which might remove important habitat for common lizard or regeneration 
niches for purple ramping-fumitory. Where the conflict concerns a nationally scarce 
species as in the latter example, then it is likely to be given priority. 
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Table 10. Flagship BAP Priority Species associated with hedgerows (Wolton, 2009b). 
 
 Common name Scientific name Habitat preferences 

Mammals Soprano pipistrelle bat Pipistrellus pygmaeus Occur in a wide range of different habitat and landscape types and use 
hedgerows for foraging and as flyways. They often roost close to tree cover 
and with linear features such as hedges nearby. Require continuity of 
hedgerows. 

 Hedgehog Erinaceus europaeus Use the hedge base/ bank and margins and occur in greatest numbers where 
woods and hedges border grassland. Habitat loss, fragmentation and road 
traffic density are all likely significant factors in their decline. Require presence 
of undisturbed ground, favourable herbaceous flora and landscape continuity. 

 Dormouse Muscardinus avellanarius Deciduous woodlands especially with hazel coppice, and scrub and 
hedgerows. Prefer dense, bushy, species-rich hedgerows that provide plenty of 
cover and food. Their breeding and shelter nests are built above ground in 
areas of dense protective vegetation. In winter they build hibernation nests on 
the ground in the leaf litter. Require favourable hedgerow dimensions, structure 
and cutting frequency. 

Reptiles and 
amphibians 

Common lizard Zootoca vivipara Frequently found in the bottom of hedgerows/ hedgerow margins, using the 
habitat for feeding, breeding and shelter. Loss of brownfield sites and 
development in the countryside are the main threats for this species. 

Birds Bullfinch Pyrrhula pyrrhula Uses the hedgerow habitat for feeding, breeding and shelter. Adults feed on 
the seeds of berries and on buds and shoots, and young are fed on 
invertebrates. Prefers thick, dense, often tall, hedgerows for nesting. Loss of 
food resources and nesting cover due to agricultural intensification, and a 
reduction in the structural and floristic diversity of hedgerows are threats to this 
species. Requires favourable hedgerow dimensions, structure and cutting 
frequency. 

 Tree sparrow Passer montanus Breeds and winters in woodland, mixed farmland with hedges and trees, and 
scrub. Threats include agricultural intensification, removal of hedgerows and 
increased pesticide use. Requires viable tree population structure including 
veteran trees. 
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 Common name Scientific name Habitat preferences 

 Yellowhammer Emberiza citrinella A farmland bird which prefers arable and mixed farms, avoiding intensively-
managed grasslands and breeds in the base of hedges and uses them for 
shelter and to escape from predators. Adult yellowhammers feed on seeds and 
feed their young on invertebrates. Reductions in winter seed food availability as 
a result of agricultural intensification such as the loss of winter stubbles and a 
reduction in weed densities are believed to have contributed to the population 
decline. Requires presence of undisturbed ground and favourable herbaceous 
flora. 

Insects Brown hairstreak butterfly Thecla betulae Closely associated with hedgerows - caterpillars feed on blackthorn and adults 
lek around ash trees. Threat from annual hedge cutting. Requires favourable 
hedgerow dimensions, structure and cutting. 

 Large (Moss) carder-bee Bombus muscorum Associated with coastal grasslands and forages for nectar along herb-rich 
bases and margins of hedgerows. Threat from agricultural intensification. 
Requires pollen and nectar-rich herbaceous margins and nests on or just 
below the ground. 

 Goat moth Cossus cossus Larvae feed for up to five years within the trunks and branches of trees 
including hedgerow trees, especially in low-lying or damp situations. Requires 
viable hedgerow tree population. 

Plants and 
lichens 

Purple ramping fumitory Fumaria purpurea Hedge-banks and arable land. Favours sites disturbed by animals/ farm 
machinery. Threats include use of herbicides and fertilisers and destruction of 
hedge-banks/ field-edge habitats. Requires herbaceous flora in favourable 
condition. 

 Orange-fruited elm-lichen Caloplaca luteoalba Found on bark of mature elm trees (and occasionally other species) in 
parkland, old pasture or roadside locations. Threats include agricultural 
intensification and loss of host plant. Requires viable tree population structure. 
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Table 11. Potential impact of restoration techniques on BAP species associated with hedgerows. 
 
Restoration technique Impact on BAP species 

Avoidance of fertiliser application/ herbicide drift Invertebrates and plants are directly affected by agrochemicals, which also has an indirect effect on other 
species. All species likely to benefit but particularly hedgehog, dormouse, common lizard, tree sparrow, 
yellowhammer, large (moss) carder-bee and purple ramping-fumitory. 

Avoiding high grazing/ browsing/ trampling/ 
disturbance 

Livestock trampling and dung inputs, while beneficial to some invertebrates on a small scale, can be 
damaging in excess. Trampling can create open conditions and small patches of bare ground required by 
many species but in excess can be detrimental to the foodplants of insects such as leaf beetles. 
 
Yellowhammer requires presence of undisturbed ground so avoidance of disturbance should be a 
positive impact for this species. 
 
Other species most likely to benefit are hedgehog, dormouse, common lizard and large (moss) carder-
bee. 

Retention of hedge-bottom features (banks, 
verges, ditches) 

The hedge base is important for a wide range of species in providing shelter, food, and breeding and 
overwintering sites. A diverse structure will be beneficial for most species, and especially hedgehog, 
dormouse, common lizard, yellowhammer, large (moss) carder-bee and purple ramping-fumitory. 

Carry out regular hedge management using 
laying, coppicing or trimming 

Hedge management following standard recommendations to maintain structure and allow flower and 
berry production will be beneficial to most species, particularly soprano pipistrelle, dormouse, bullfinch, 
tree sparrow, yellowhammer and brown hairstreak. 

Maintenance of wide hedge Beneficial to most species, and particularly soprano pipistrelle, dormouse, bullfinch, tree sparrow and 
brown hairstreak. 
 
Wide hedges are not preferred by yellowhammers for breeding. 

Reduce hedge canopy to increase light 
penetration 

Depending on the magnitude of reduction required, potentially detrimental to soprano pipistrelle, 
dormouse, bullfinch, tree sparrow and brown hairstreak. 

Management of hedge structure and re-planting 
gaps (e.g. to avoid degeneration into line of trees) 

Beneficial to most species, and particularly soprano pipistrelle, dormouse, bullfinch, tree sparrow, 
yellowhammer and brown hairstreak. 
 
Retention of hedgerow trees within the hedge also required for goat moth and orange-fruited elm-lichen. 
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Restoration technique Impact on BAP species 

Limit cutting of basal flora to maximum of once a 
year (outside growing season), with removal of 
cuttings and optionally, aftermath grazing 

Preservation of a forb-rich flora and retention of some overwinter biomass will benefit most species, 
particularly hedgehog, dormouse, common lizard, yellowhammer and large (moss) carder-bee. 

Reduce hedgebank erosion using hessian or 
returfing 

Bare ground resulting from small-scale erosion might be used by common lizard for basking and provide 
a niche for purple ramping-fumitory. Prevention of erosion will otherwise be beneficial to most species in 
preserving the herbaceous basal vegetation. 

Establishment of perennial grass/ cultivated 
margin next to hedge base 

Wide margins allow herbaceous plants at the base of hedges to flourish. Grass margins cut on a 
rotational basis provide dispersal corridors and hibernation sites for some invertebrate species.  
 
Perennial grass margins likely to be beneficial to hedgehog, dormouse, common lizard, tree sparrow, 
yellowhammer and large (moss) carder-bee, especially if forbs also established. 
 
Perennial grass margin would be unsuitable habitat for purple ramping-fumitory but cultivated margin is 
potentially beneficial. 

Prepare seedbed by herbicide or harrowing then 
sowing grassland seed mixture or spreading 
green hay 

Vegetation cover will be temporarily removed which, along with the associated disturbance will be 
detrimental in the short term to species reliant on the hedge base habitat (hedgehog, dormouse, common 
lizard, yellowhammer, large (moss) carder-bee). However, if applied only to severely degraded habitats, 
the effect will be minimal and there will be longer-term benefit from the restored grassland vegetation. 
Exception is purple ramping-fumitory which will not survive in closed grassland. 

Apply molluscicide to reduce seedling herbivory Molluscicidal pellets can be directly ingested by granivorous birds and there is a risk of secondary 
poisoning of other species if affected slugs or snails are eaten. Species that might be at minor risk are 
hedgehog, common lizard, bullfinch, tree sparrow and yellowhammer. 
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8. Phase II sampling framework 
A framework for field survey to obtain a representative sample of the six cluster 
groups of vegetation types has been developed with the aim of achieving the 
following objectives: 
 

1. To obtain an adequate sample of hedgerows within each of the six cluster 
groups to allow for the calculation of mean values for soil parameters and any 
other measured variables with a ±10% margin of error with 95% confidence. 

2. To obtain an equal sample of hedgerows within each of the six cluster groups. 
3. To obtain a sufficient overall sample size to detect a statistically significant 

difference in measured soil parameters between cluster groups if such a 
difference exists. 

Stratification 
A level of stratification in the sampling strategy was considered appropriate, as a 
completely random sample would result in under-representation of the scarcer cluster 
groups. The aim of the stratification was to maximise the probability of selecting an 
equal number of hedgerows within each of the cluster groups. A stratification variable 
that was strongly associated with each of the groupings and available as a spatial 
dataset with full UK coverage was required. 
 
Countryside Survey plots were used as a sample for defining the strata, since their 
locations are widely dispersed across GB. Local survey plots were not included as 
they form spatial clusters and would therefore bias the result towards those locations. 
The disadvantage of using the CS plots is that their location is only available at the 
10km grid cell level, therefore any apparent association with geology or soil type 
could be spurious. It was therefore considered most appropriate to use the BAP 
broad habitat as a stratification variable, since the closest adjacent broad habitat to 
the surveyed hedgerow was included with the CS data provided by CEH. 
 
The majority of the cluster groups are strongly associated with the adjacent habitat; 
however this is not a simple one-to-one relationship. Counts of the numbers of CS 
plots within each cluster group across all the broad habitats commonly associated 
with hedgerows provided a means of determining which habitats are most closely 
associated with which groups using chi-squared tests. These analyses resulted in the 
identification of the adjacent broad habitats with which hedgerows in each cluster 
group are significantly more likely to be associated when compared to a random 
distribution. The cluster groups and their broad habitat associations are shown in 
Table 12. 
 
An aggregation of the broad habitat associations for each cluster group should be 
used as strata, with an equal sample size within each stratum. The Sparse 
Vegetation in Shade cluster group has no statistically significant associations with 
any of the broad habitats, therefore this sample should be drawn from any of the 
habitat classes listed in Table 12. 
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Table 12. The six cluster groups and their most closely associated broad habitats. 
 
Cluster Group Broad Habitat Associations 
1. Woodland Herbs 
(Typical Woodland, Alkaline Woodland & Woodland 
with Grassland) 

 Broad-leaved/ mixed woodland 
 Coniferous woodland 
 Calcareous grass 
 Improved grassland 

2. Species-rich or Semi-improved Grassland 
(Mesotrophic Grassland & Acidic Grassland) 

 Acid grassland 
 Bracken 
 Neutral grass 
 Improved grassland 

3. Rank Grassy Vegetation 
(Closed Grassland, Closed Arable & Typical Closed) 

 Arable and horticulture 
 Improved grassland 

4. Species-poor Pasture  Improved grassland 
5. Disturbed Arable 
(Disturbed Arable, Intermediate Arable & Arable 
Complex) 

 Arable and horticulture 

6. Sparse Vegetation in Shade 
(Typical Sparse) 

None 

 

Land Cover Map 
Land Cover Map 2000 (LCM2000) was created as part of Countryside Survey 2000. 
It is a thematic classification of spectral satellite imagery, which was defined as far as 
possible to fit the BAP broad habitat classification (Fuller et al., 2002). The dataset is 
available as vector polygons (land parcels), a 25m pixel raster grid derived from the 
vector dataset, or a 1km raster dataset summarising the 25m data. It has coverage of 
the whole UK, including Northern Ireland. A superior 2007 land cover map 
(LCM2007) produced as part of the 2007 Survey is due for release in 2010. This will 
integrate Ordnance Survey Master Map and other vector cartographic data into the 
product, enabling the distribution of land cover and broad habitats to be mapped in 
relation to real world features such as fields. LCM2007 should be used if available at 
the time of drawing the sample. It is expected that LCM2007 will be licensed free of 
charge to Defra. 
 
Strata can be defined from LCM by creating a new 1km raster dataset for each 
combination of broad habitats associated with a cluster group. It is considered most 
suitable to use the dominant land use in each 1km cell as a method of classification. 
The use of the 1km dataset is recommended since this will give more scope for the 
selection of sample hedgerow(s) within the 1km square, is a commonly used 
sampling unit, and will reduce the degree of error in the spatial extent of the LCM 
habitat classes. There will obviously be overlap between the strata as there is 
replication of land uses across more than one cluster group in many cases. This is 
not thought to be problematic, because the land uses that are represented across 
more than one cluster group are those that are more commonly occurring and have a 
higher hedgerow density. 

Drawing the sample 
An equal number of 1km sample squares should be drawn from each stratum at 
random. Hedgerow selection should be targeted within each sample square based 
on the descriptions of the cluster group. The aim will be to select a sample hedgerow 
from each square that is most likely to have ground flora representative of that cluster 
group using a combination of aerial photography and the land-parcel version of LCM. 
For example, the Woodland Herbs cluster group is associated primarily with adjacent 
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grassland as well as woodland, therefore a suitable choice may be a hedgerow 
adjacent to low grazing intensity (semi-natural) grassland but within close proximity to 
woodland. This also highlights the advantage of using 1km dominant land cover data, 
as it allows for the presence of other associated habitats within the sampling square. 
 
The distribution of sample hedgerows between the six cluster groups should be 
reviewed once sampling has been completed, as this method does not guarantee 
equal distribution of samples between groups (although it is designed to maximise 
the probability of doing so without prior knowledge of the hedgerow). If there is poor 
representation of any one cluster group, additional sampling of previously surveyed 
hedgerows belonging to the under-represented groups from local surveys could be 
carried out. 
 
In focussing the sampling on the six cluster groups, there is a risk that scarce but 
species-rich types of hedgerow flora might be missed. Local surveys are more likely 
to pick these up than is CS but even so their coverage is currently sparse and it is 
possible that there will be local types that remain undescribed. Additional targeted 
sampling of scarcer types might also be required to ensure the full range variation of 
hedgerow flora types is captured. 

Sample sizes 
To obtain an adequate sample of hedgerows within each of the six cluster groups to 
allow for the calculation of mean values for soil parameters and any other measured 
variables with a ±5% margin of error with 95% confidence, a sample size of 400 
quadrats (~200 sites) would be required for each cluster group. This would result in 
an overall quadrat sample size of 2,400. To obtain a margin of error of ±10% with 
95% confidence, a sample size of 100 quadrats (~50 sites) per cluster group would 
be required; an overall sample of 600. 
 
To obtain a sufficient overall sample size to detect a statistically significant difference 
in measured soil parameters between cluster groups if such a difference exists, an 
estimate needs to be made of the mean of each soil parameter for each group. The 
mean values for pH, extractable P, extractable K, and organic matter content from 
the NSI (1983) soils database for England and Wales (Loveland et al., 1990), 
presented in Table 9, were used to make an estimate of the mean and standard 
deviation of each parameter for each cluster group. This dataset was used rather 
than the ESA or CS (2007) datasets as they provided the best combination of 
differentiation between cluster groups and information on sample sizes. 
 
These means and standard deviations were used to calculate an expected effect size 
for each parameter, from which the sample sizes required to detect a difference in 
the mean between groups with an error probability of 0.05 were calculated (Table 
13). The resulting sample sizes are based on using one-way Analysis of Variance to 
detect differences between groups. 
 
As discussed in Section 5, these soil parameters are very generalised, and may not 
be representative of the local soil conditions at the base of hedgerows. The 
calculations do however provide some confidence that an overall sample of 600 (100 
samples within each cluster group) would be more than sufficient to detect 
differences in soil parameters of a similar magnitude to those detected between 
broad habitats, whilst also providing estimates of means for each group with a ±10% 
margin of error. 
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Table 13. Estimates of effect size and required sample size based on estimates of 
means for soil parameters for cluster groups from NSI data for the broad habitats 
associated with these groups. 
 

Soil parameter Effect size Required sample size 
pH 0.87 36 
Ext. P (mg/l) 0.34 186 
Ext. K (mg/l) 0.33 192 
OM (%) 0.26 300 

 
 

Field sampling 
It is recommended that the field sampling method for vegetation should be 
compatible with the standard Hedgerow Survey Handbook method (Defra, 2007b), 
i.e. based on percentage cover records from 2 x 1m quadrats located in defined 
zones under the hedge canopy and on the adjacent bank, verge or ditch. This will 
ensure that the data are compatible with local surveys and can therefore provide a 
representative benchmark with which they can be compared in the future. 
 
Soil sampling should be carried out to obtain a representative sample from each 
quadrat, following standard procedures. It is recommended that sampling is done at 0 
– 7.5cm and 0 – 15cm depths for compatibility with other surveys, and recording the 
zone and distance from the hedge base.  
 
In order to contrast the hedge basal flora and soil properties with adjacent land, it is 
recommended that an additional quadrat and soil sample is taken from the adjacent 
habitat (e.g. field, woodland edge, etc.). This will provide an indication of the extent to 
which soils are modified by the presence of a hedge and by adjacent land use. These 
properties should include (as a minimum), topsoil pH, extractable phosphorus-P, 
potassium-K and magnesium-Mg, total nitrogen, organic carbon, bulk density and 
moisture content (or water holding capacity). 
 
Data on management of the hedge bottom, the hedge itself, field margin, and 
adjacent land should also be recorded, along with the hedge shape and structure, 
using categories defined in the Hedgerow Survey Handbook. 

9. Discussion 

Datasets 
The CS data are representative of the most common and widespread hedgerow 
types in Great Britain, whereas the local surveys, including the ESA/CSS dataset, are 
more targeted in specific geographic areas. Despite this, there was a reasonably 
close correspondence between the two sets of data in terms of the range of variation 
distinguished in the cluster analyses. This raises the question of whether local 
hedgerow types with unique combinations of structure, management and 
environment were fully represented, for example hedges with large hedgebanks (as 
is typical of parts of Devon) or hedges on thin calcareous soils. The distribution of 
local and CS clusters suggests a reasonable geographic spread (Figure 1 and Figure 
2) and, for example, banks and ditches were present at 18% and 23% of local plots 
respectively. In addition, 47 ESA/CSS and 192 CS plots were located over chalk 
geology. However, it is still possible that vegetation types associated with specialised 
local conditions were not identified here. For example, species associated with 
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calcareous grassland were scarce in all datasets but a calcareous grassland 
vegetation type might exist that was not distinguished here. Continued expansion of 
the local surveys should in time provide data on an increasing number of local types. 
 
The protocol for local surveys (Defra, 2007b) recommends collection of data on 
hedge management and structure but this information was only available for a 
minority of sites. For example, 89% had no data on hedge bottom management for 
the 2-year period preceding surveys and 63% had no data on hedge structure. 
Information on the relation between current management and the clusters identified 
would help to refine restoration recommendations. However, the paucity of data is 
currently limiting and it would be beneficial if more were collected as standard 
practice in future. 

Classification 
The classification based on species attributes produced a series of clusters that 
were, for the most part, relatively distinctive. The PCAs accounted for a high 
percentage of variation, suggesting that the interpretation of the axes should be 
reliable. The majority of both CS and local survey plots fell into clusters that indicated 
high levels of nutrients, disturbance, lack of management or combinations of these. 
This reflects the findings from the 2007 CS, in which less than half of the hedges 
themselves, and only 10% on arable land, were in good condition (Carey et al., 
2008). Earlier analyses of CS hedgerow basal data based on species classifications 
had produced four classes related to arable land, arable / rotational, grassland and 
woodland (French & Cummins, 2001) or eight groups (four woodland and four 
grassland) which were subsequently amalgamated into three main groups 
(woodland, grassland and tall herb / disturbed) (Stuart et al., 2005). These 
classifications bear some resemblance to the clusters and groups of clusters defined 
here, and a similar range of NVC communities was also identified, which is to be 
expected since they were based on partially the same data. However, Stuart et al. 
noted that it was difficult to identify clear environmental gradients that would explain 
differences between the groups that they defined (although groups associated with 
woodlands and mesotrophic and acidic grasslands were more clear). This supports 
the approach used here, where the classification was based a priori on species 
attributes that reflected their ecological preferences, and for which restoration 
objectives could therefore be set. Environmental conditions are among the most 
important factors in explaining variation in species composition of hedgerows, 
including the herbaceous flora (Deckers et al., 2004). However, this does not 
invalidate the previous species-based CS classifications because they had different 
objectives which were, respectively, to assist conservation evaluation (French & 
Cummins, 2001) and to identify species diversity thresholds for condition assessment 
(Stuart et al., 2005). 
 
The classification produced here represents the range of variation of herbaceous 
flora in the CS and local surveys. Each cluster is a synthesis of information from a 
large number of plots and an identical set of attribute values or species is unlikely to 
be encountered at any individual site within the sample or elsewhere. This is a 
characteristic in common with other classification systems, notably the NVC (Rodwell 
et al., 1991 et seq.), where the aim is to enable a sample or set of samples to be 
placed in context within a wider framework for the purpose of setting conservation or 
other objectives. The hedge base is a particularly diverse habitat because it 
encompasses a number of environmental zones within a short distance of the hedge 
itself, which can include the canopy, hedgebank, ditch, or field verge. Individual plots 
could therefore contain species associated with a range of habitats and this was 
reflected to some extent in the species composition of the clusters. However, it is 
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possible that vegetation typical of more than one cluster might be present at one site 
in a series perpendicular to, or along the line of the hedgerow. In some cases, 
multiple objectives for restoration, and a range of restoration techniques might need 
to be applied. For example, the aim might be to retain a woodland type flora if it 
exists near to the hedge but to restore a forb-rich grassland sward at the field edge if 
it is highly disturbed. 
 
Wetland species did not strongly differentiate any of the clusters, although some 
were present in both CS and local datasets. It is possible that, although ditches were 
present at many sites, characteristic species were not prominent in the data because 
ditches have become infilled and shaded (Dorset Environmental Records Centre, 
2003). Further analysis including Ellenberg moisture (F) values might clarify the 
extent to which this has occurred over the CS time series. Ellenberg moisture values 
were not included in the cluster analyses because it was considered that association 
with wetland and open water habitats would have provided a clearer distinction of this 
type of vegetation. 
 
Bryophytes can be difficult to record consistently in the field and for this reason the 
CS and local survey datasets did not include sufficient data to be used in the cluster 
analyses. In practice therefore, field identification of cluster groups will need to be 
based primarily on the herbaceous flora. However, bryophyte species have clear 
habitat associations and do also provide an indication of the prevailing environment 
(Hill et al., 2007). Therefore particular moss or liverwort species could assist field 
identification of particular clusters or cluster groups by reference to their attributes, 
even although they were not used in the original classification. 

Restoration 
Some aspects of vegetation management and restoration have been well studied 
and are clearly applicable to the herbaceous hedgerow flora. Damaging activities 
such as herbicide and fertiliser contamination and high grazing intensity at the hedge 
base should be avoided, and there is a clear need to maintain the hedge structure by 
regular management. Features such as hedgebanks should also be retained as they 
often support the more diverse vegetation types. Where the herbaceous flora has 
been severely modified as in the Disturbed Arable cluster group, successful 
restoration of species-rich perennial vegetation is only likely to be achieved by 
destroying the existing vegetation, creating a seedbed and re-introducing seed of the 
target species. Sites dominated by well-established populations of Galium aparine or 
Urtica dioica will present a particular challenge as they will need to be controlled 
before ground preparation and also in the early stages of restoration by regular 
cutting. This is likely to be a common scenario as indicators of nutrient enrichment 
were the most frequent reason for hedgerows failing to achieve favourable condition 
(Wolton, 2010). Even if these species can be controlled, success will be dependent 
on high germination and establishment rates of sown species, which will be 
influenced by various factors including soil nutrient status, weather conditions and 
management in both short and long-term. In highly eutrophic and disturbed 
conditions, the best that can be achieved might be to establish a verge of perennial 
grasses which will protect the hedge base from adjacent agricultural activities 
(Marshall, 2009). Similarly, the restoration of forb-rich grasslands from an existing 
sward is well researched, although the outcome is dependent on many interacting 
factors (Walker et al., 2004; Pywell, 2006). 
 
Of less certainty are the requirements for restoration of a woodland element in the 
vegetation. Where an intact woodland flora is present, then maintenance of the 
correct environmental conditions by management of both the hedge itself and the 
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hedge base should be relatively straightforward. However, competitive species such 
as Rubus fruticosus and Holcus lanatus, both of which were prominent in the 
Woodland Herbs cluster group, are associated with declines in vulnerable species if 
present at high cover levels (Stuart et al., 2005). The strategy for management and 
restoration of a woodland flora will therefore need to take into account the relative 
abundance of the different types of species present. Woodlands can act as a 
colonisation source for hedgerows up to 100m along the hedge (Wehling & 
Diekmann, 2009) but in general, woodland herbs have low fecundity and dispersal 
capability (Verhayen et al., 2003). Early spring flowering species and those dispersed 
by myrmecohory (ants) are among these least likely to colonise hedgerows (Roy & 
de Blois, 2006); some woodland plants can colonise more quickly, but even those 
can take a matter of decades (Roy & de Blois, 2008). Restoration of a woodland flora 
will therefore probably require positive re-introduction of plant species. Hedgerows 
tend to support species that are more similar to those of the woodland edge than 
woodland interior, being suited for example to higher nutrient availability and lower 
acidity and moisture (McCollin et al., 2000). However, the woodland species that tend 
to be increasing are those more tolerant of shade (Dorset Environmental Records 
Centre, 2003). A dense shrub layer can suppress herbaceous species due to root 
and light competition (Wehling & Diekmann, 2009), which suggests that they might 
be responding the reduction in hedge management identified in CS (Carey et al., 
2008). There is clear evidence in the literature of the need to maintain the 
microclimate and shade provided by the shrub component of the hedge. Narrow 
hedges are generally unsuitable for woodland plants so they might benefit from 
relaxation of hedge management in the short-term as the hedge size increases, but 
with management needing to be re-introduced at a later stage. An exception to this 
would be the example of Devon hedges where woodland species survive on large 
hedgebanks with only a narrow band of woody species. 
 
Management regimes for species-rich grasslands are well researched and can be 
applied to hedgebanks and verges in the grassland cluster group, as long as there is 
access for machinery or livestock access can be controlled. However, restoration of 
the Rank Grassy Vegetation cluster group to a species-rich herbaceous flora 
presents a more difficult challenge as it is likely to be inhibited primarily by the high 
soil fertility, as implied by the Ellenberg values. Cutting alone or in combination with 
grazing can reduce soil fertility and vegetation biomass as long as cuttings are 
removed, but only over long timescales. If the vegetation has a substantial tall herb 
or wetland component then it might be justified simply to apply this relatively benign 
management in order to conserve the vegetation structure which will have high value 
for fauna (e.g. Asteraki et al., 2004). Turf-stripping can remove nutrient pools in the 
upper layers of soil and is the most successful method for establishing target plant 
species (Tallowin and Smith, 2001; Pywell et al. 2007). This method is impractical in 
grassland because of the agronomic implications but on hedgebanks and verges it 
might be more acceptable and this raises the possibility of a more radical approach 
to restoration. Turf translocation has already been advocated for hedgebank 
restoration (Wolton, 2009a). Another possibility in severely degraded sites might be 
to excavate the outer edge of the verge down to the subsoil and turn over the 
excavated spoil towards the hedge to reprofile a new hedgebank, thus exposing the 
subsoil in the verge and on the surface of the bank. This would provide a less 
nutrient-rich substrate for establishing a new sward in the absence of competitive 
species and would potentially create some topographical variation to create gradients 
of moisture and shade. However, severe disturbance of soil high in nutrients and 
organic matter would create a risk of water contamination from run-off and infiltration 
and research is needed to test this kind of approach. Restoration methods that 
require severe intervention will be costly and will require a high level of expertise and 
supervision to implement. They will therefore be beyond the capability of most 
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farmers or contractors to implement within, for example, agri-environment schemes 
but could be imposed as a condition of planning permission for major developments 
such as pipelines or opencast mining. 
 
In order to meet time-limited policy targets for hedgerows, it will be necessary to 
prioritise sites for restoration and also the methods that are most likely to produce the 
desired results over a sustained period. Sites with vegetation similar to the Woodland 
Herbs and Species-rich or Semi-improved Grassland cluster groups have the 
greatest potential for achieving conservation objectives. In some cases it might not 
be realistic to attempt restoration, for example if livestock access to sites in the 
Species-poor Pasture cluster group cannot be controlled. In following a prescriptive 
approach however, there is a risk of steering a large number of sites towards a 
relatively homogenous type of vegetation and it will therefore be essential also to 
take account of the individualistic character of each site in terms of its species 
composition, prevailing environment and geographic location. Most hedgerows are 
also important historic features and their herbaceous flora often has value in 
indicating their origins, function and previous management. In attempting to restore 
the herbaceous flora, it is also important to avoid the destruction or distortion of any 
valuable historical record. 
 
Prioritisation will also be dependent on having better information on hedgerow soils. 
In the absence of direct soil sampling under hedgerows, the properties of hedgerow 
soils can only be inferred from surveys of soils under habitats with herbaceous flora 
similar to those found within a hedgerow, such as the semi-natural grasslands 
sampled as part of the ESA scheme or the woodlands sampled as part of CS or NSI. 
These suggest that the majority of hedgerows are associated with near neutral soils, 
a low to moderate P status and a higher OM content compared to arable topsoils. 
However, inferred soil fertility from Ellenberg values was high for most of the CS 
clusters and some had an affinity to open vegetation (OV) NVC communities for 
which no soil data were found in this study. In addition, many of the clusters related 
to the MG1 community were most similar to its eutrophic variants so their nutrient 
status might be higher than MG1 grasslands in the ESA dataset. Given that soil 
properties are recognised as having a major influence on the type of community likely 
to establish within many habitats, it is important that we have a greater understanding 
of the properties of soils under hedgerows and how they influence hedgerow flora 
and differ from those under adjacent habitats. Soil microbial communities also play 
an important role in nutrient supply to semi-natural grasslands (van der Heijden et al., 
2008) although experimental inoculation with soil microbial communities from 
species-rich grasslands had no effect on grassland diversity (Pywell et al., 2007). 
Also, it has been suggested that hedgerow soils offer considerable carbon storage 
potential, with soil organic carbon stocks reported to be locally significant in the 
vicinity of hedges (Follain et al., 2007; Walter et al., 2003). 

Future research 
Provisional recommendations for restoration have been suggested here, but these 
are based largely on evidence from other habitats, particularly woodland, grassland 
and field margins. Only a small amount of information was found relating specifically 
to herbaceous hedgerow vegetation. The hedgerow basal flora presents particular 
problems in terms of the range of variation in environmental conditions across short 
distances and the associated variation in plant species composition. Specific 
research is therefore needed to test the options for restoration at hedgerow sites. 
 
One of the most important knowledge gaps is empirical data on soil properties of the 
hedge base. It is therefore recommended that a programme of soil and vegetation 
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sampling under the main hedgerow types (as recommended in Section 8 for the six 
cluster groups) is initiated, which includes an analysis of key soil properties both 
under the hedgerow and in the adjacent habitat. A decision support system has been 
developed to classify site suitability for commercial forestry, which includes a 
prediction of soil nutrient regime based on field layer plant indicator species (Ray, 
2001). With empirical data on hedgerow soils, it would be feasible to develop a 
similar system to determine site suitability for restoring a particular herbaceous flora. 
 
The restoration objectives and methods that have been suggested here are based 
around the six cluster groups derived from the CS and local survey datasets. For this 
scheme to have practical application it will be necessary to be able to assign 
individual sites to one or more of the cluster groups from field evidence. Provisional 
guidelines to do this have been produced (Appendix 4) but these need to be tested in 
practice to determine how easily cluster groups can be recognised. This could be 
done during the field survey of vegetation and soil properties outlined in Section 7 
and guidelines modified subsequently to improve the utility of the scheme. 
 
There is also a need to identify a more comprehensive suite of attributes and targets 
to determine favourable condition of hedgerow herbaceous flora, in addition to the 
current criteria relating to width of undisturbed ground and perennial vegetation, plus 
indicators of eutrophication. Attributes and targets need to be agreed by consensus 
among experts, for which the Hedgerow Habitat Action Plan Steering Group could 
provide the focus. This would need to be field tested following a similar approach to 
that used to develop a system for non-statutory grasslands (Robertson et al., 2002). 
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Appendix 1 - Details of local survey datasets from which data 
were requested 
 

Survey Organisation Included in 
Analysis? 

Reason for inclusion/ non-inclusion 

Chesterfield Hedgerow 
Survey 

Derbyshire Wildlife 
Trust 

Yes Most records at species level. Over 
99% of plots have management and 
land-use data. 

ESA and CSS Hedgerow 
Survey 

Defra Yes Large number of ground flora records. 
51% of plots have land use data, and 
only 3% have management data. 

Derby City Hedgerows Derby County 
Council 

Yes All records are at species level. 100% 
of plots have land use and hedge 
structure; 58% have management 
data. 

Durham Hedgerow Survey Durham County 
Council 

Yes Most records at species level. 100% of 
plots record management and 79% 
have land use. 

Exmoor Parish Hedgerow 
Survey: Exford 

Exmoor National 
Park 

Partially Quadrats without grasses recorded to 
species level excluded. All plots record 
management and land use. 

Exmoor Parish Hedgerow 
Survey: Parracombe 

Exmoor National 
Park 

Partially Quadrats without grasses recorded to 
species level excluded. All plots record 
management and land use. 

Hedgebanks data from the 
Good Archive 

Dorset County 
Council 

No No measure of abundance, and 
minimal plot information. 

Kent Local Hedgerow 
Survey, Lamberhurst Parish  

Kent County Council No Not enough ground flora species 
recorded; majority are woody shrubs. 

Heritage Hedgerows of 
Redcar and Cleveland  

The Wildflower Ark No No measure of abundance. 

Rotherham Ancient and 
Species-rich Hedgerow 
Project 

Rotherham 
Metropolitan 
Borough Council 

Partially Only 2% of the plots had abundance 
data. 

Ticknall and Ingleby 
Hedgerow Survey 2006 

Derbyshire County 
Council 

Yes Most records at species level. 88% of 
plots have management data and 95% 
record land use and structure. 

Conservation Plan for the 
Parish of Benson, 
Oxfordshire 

Benson Environment 
Survey Team 

No No electronic version of the data. 

Hedgerows of the Moss 
Valley Survey Project 

Derbyshire County 
Council 

No No electronic version of the data. 

The Ecology and 
Management of Hedgerows 
in Northern Ireland 

DARDNI No No electronic version of the data. 

South Dorset Hedges Dorset 
Environmental 
Records Centre 

No No electronic version of the data. 

Bolton Hedgerow Survey 
2001 

Bolton Council No Very little ground flora data. 

The Field Boundaries 
Project 

Bath & North East 
Somerset Council 

No Very little ground flora data. 

Devon Hedgerow Survey 
Project: East Devon 

Farming & Wildlife 
Advisory Group 

No No individual species recorded; 
diversity only. 

Norfolk Hedgerow Survey University of East 
Anglia 

No Woody species only. 

CPRE Oxfordshire 
Hedgerow Survey 
 

CPRE Oxfordshire No No ground flora data. 
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Survey Organisation Included in 
Analysis? 

Reason for inclusion/ non-inclusion 

Cardiff Hedgerow Survey 
1998 

National Museum & 
Gallery 

No No ground flora data. 

Solway Coast AONB 
Hedgerow Survey 

Solway Coast AONB No No electronic version of the data. 

South Devon AONB Hedges 
Survey, 2002 

South Devon AONB No Data received too late for inclusion. 

Malvern Hills Survey Worcester Council No No species level data. 
Kirklees Council 
Environment Unit Hedgerow 
Surveys 

Kirklees Council No No response. 

Oldham Hedgerow Survey Oldham Countryside 
Service 

No No response. 

Bridgend Hedge Survey National Museum & 
Galleries of Wales 

No No response. 

Chilterns Hedgerow Survey 
2006 

Chilterns 
Conservation Board 

No Data received too late for inclusion. 
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Appendix 2 - Plant species with highest cover and shortest 
Euclidean distances from each of the 13 CS clusters 
 
Data shown for each cluster are 
 

(a) The 30 species with highest mean percentage cover in the cluster. Species 
highlighted are those which clearly have higher cover than all (dark) or most 
(pale) other clusters. 

(b) The 30 species with the shortest Euclidean distance to the cluster from the 
first four PCA axes. 

 
Numbers in parentheses refer to the six cluster groupings identified in Section 6 of 
the report. 
 
Cluster 1 (Cluster Group 3) 
 
(a)               (b) 
 
Species Cover Species Distance 
Urtica dioica 17.3  Viola odorata 1.19 
Arrhenatherum elatius 14.4  Eupatorium cannabinum 1.27 
Rubus fruticosus 13.8  Linaria vulgaris 1.31 
Hedera helix 10.5  Hieracium sp. 1.32 
Galium aparine 6.6  Stachys sylvatica 1.39 
Elytrigia repens 6.0  Glechoma hederacea 1.39 
Dactylis glomerata 5.8  Elymus sp. 1.40 
Holcus lanatus 4.1  Cirsium arvense 1.40 
Anthriscus sylvestris 3.6  Mercurialis perennis 1.41 
Agrostis stolonifera 3.4  Sherardia arvensis 1.45 
Pteridium aquilinum 3.3  Atriplex patula 1.45 
Lolium perenne 2.8  Malva moschata 1.45 
Glechoma hederacea 2.7  Fragaria x ananassa 1.45 
Poa trivialis 2.5  Symphytum x uplandicum 1.48 
Festuca rubra 2.1  Brachypodium pinnatum 1.49 
Holcus mollis 1.9  Clematis vitalba 1.49 
Cirsium arvense 1.7  Solanum dulcamara 1.50 
Heracleum sphondylium 1.7  Calystegia sepium 1.51 
Ranunculus repens 1.2  Arctium agg. 1.52 
Agrostis capillaris 1.2  Chaerophyllum temulentum 1.53 
Mercurialis perennis 0.9  Aphanes arvensis 1.53 
Galium mollugo 0.7  Geum urbanum 1.54 
Ballota nigra 0.7  Cerastium glomeratum 1.54 
Convolvulus arvensis 0.7  Tamus communis 1.54 
Bryonia dioica 0.6  Solanum dulcamara 1.55 
Stachys sylvatica 0.6  Urtica dioica 1.55 
Calystegia sepium 0.6  Juncus inflexus 1.56 
Chaerophyllum temulentum 0.6  Torilis japonica 1.58 
Tamus communis 0.5  Rumex sp. 1.59 
Silene dioica 0.5  Hypericum perforatum 1.59 
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Cluster 2 (Cluster Group 3) 
 
(a)               (b) 
 
Species Cover  Species Distance 
Arrhenatherum elatius 36.0  Lapsana communis 0.15 
Elytrigia repens 5.9  Conium maculatum 0.16 
Urtica dioica 5.5  Papaver rhoeas 0.17 
Dactylis glomerata 4.0  Avena fatua 0.21 
Galium aparine 2.8  Lamium purpureum 0.24 
Rubus fruticosus 2.7  Aethusa cynapium 0.25 
Anthriscus sylvestris 1.2  Brassica napus 0.27 
Heracleum sphondylium 1.0  Alopecurus myosuroides 0.27 
Holcus lanatus 0.9  Triticum aestivum 0.28 
Poa trivialis 0.9  Tragopogon pratensis 0.29 
Convolvulus arvensis 0.8  Impatiens glandulifera 0.29 
Ballota nigra 0.7  Fallopia convolvulus 0.30 
Cirsium arvense 0.7  Sisymbrium officinale 0.30 
Holcus mollis 0.7  Sonchus asper 0.32 
Festuca rubra 0.7  Bromus sp. 0.32 
Agrostis stolonifera 0.7  Sinapis arvensis 0.33 
Hedera helix 0.7  Succisa pratensis 0.34 
Lolium perenne 0.6  Allium ursinum 0.34 
Glechoma hederacea 0.5  Zea mays 0.34 
Phragmites australis 0.4  Urtica urens 0.34 
Lamium album 0.3  Kickxia elatine 0.34 
Stachys sylvatica 0.3  Solanum nigrum 0.34 
Chamerion angustifolium 0.2  Anthriscus caucalis 0.34 
Pteridium aquilinum 0.2  Polygonum nodosum 0.34 
Mercurialis perennis 0.2  Amsinckia micrantha 0.34 
Agrostis capillaris 0.2  Artemisia vulgaris 0.35 
Rumex obtusifolius 0.1  Hordeum distichon 0.36 
Filipendula ulmaria 0.1  Alliaria petiolata 0.37 
Ranunculus repens 0.1  Bromus racemosus 0.37 
Rumex sp. 0.1  Malva sylvestris 0.39 
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Cluster 3 (Cluster Group 1) 
 
(a)               (b) 
 
Species Cover  Species Distance 
Rubus fruticosus 33.6  Umbilicus rupestris 0.63 
Hedera helix 7.6  Chamerion angustifolium 0.63 
Urtica dioica 2.9  Dryopteris dilatata 0.68 
Pteridium aquilinum 1.6  Lonicera periclymenum 0.69 
Arrhenatherum elatius 1.2  Calamagrostis epigejos 0.72 
Galium aparine 1.2  Brachypodium sylvaticum 0.72 
Brachypodium sylvaticum 0.8  Galeopsis sp. 0.73 
Glechoma hederacea 0.7  Ajuga reptans 0.74 
Lonicera periclymenum 0.7  Hyacinthoides non-scripta 0.76 
Dryopteris filix-mas 0.7  Teucrium scorodonia 0.77 
Elytrigia repens 0.7  Dryopteris filix-mas 0.78 
Silene dioica 0.6  Carex nigra 0.78 
Dactylis glomerata 0.6  Mentha aquatica 0.78 
Agrostis stolonifera 0.6  Pimpinella saxifraga 0.78 
Holcus mollis 0.6  Vicia hirsuta 0.78 
Holcus lanatus 0.5  Geranium sp. 0.78 
Chamerion angustifolium 0.5  Corydalis claviculata 0.78 
Poa trivialis 0.4  Sanicula europaea 0.78 
Tamus communis 0.4  Ranunculus ficaria 0.79 
Digitalis purpurea 0.4  Circaea lutetiana 0.81 
Geranium robertianum 0.3  Silene dioica 0.82 
Cirsium arvense 0.3  Primula vulgaris 0.85 
Anthriscus sylvestris 0.2  Rubus sp. 0.86 
Calystegia sepium 0.2  Carex sp. 0.88 
Galium mollugo 0.2  Fragaria vesca 0.89 
Agrostis capillaris 0.2  Juncus compressus 0.90 
Deschampsia flexuosa 0.2  Dipsacus fullonum 0.90 
Teucrium scorodonia 0.2  Euphorbia exigua 0.90 
Festuca rubra 0.2  Calystegia sp. 0.90 
Rumex obtusifolius 0.2  Pteridium aquilinum 0.93 
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Cluster 4 (Cluster Group 6) 
 
(a)               (b) 
 
Species Cover  Species Distance 
Rubus fruticosus 7.4  Sonchus arvensis 0.38 
Hedera helix 7.3  Avena sativa 0.40 
Urtica dioica 5.0  Aegopodium podagraria 0.42 
Arrhenatherum elatius 3.3  Stachys palustris 0.43 
Galium aparine 2.9  Carex sylvatica 0.44 
Glechoma hederacea 2.7  Lamiastrum galeobdolon 0.45 
Elytrigia repens 1.8  Humulus lupulus 0.46 
Agrostis stolonifera 1.3  Solanum dulcamara 0.47 
Dactylis glomerata 1.1  Calystegia sepium 0.48 
Mercurialis perennis 0.8  Arum maculatum 0.48 
Holcus lanatus 0.8  Festuca gigantea 0.48 
Anthriscus sylvestris 0.7  Tamus communis 0.50 
Lolium perenne 0.6  Solanum dulcamara 0.50 
Poa trivialis 0.6  Equisetum telmateia 0.50 
Convolvulus arvensis 0.6  Scrophularia auriculata 0.50 
Holcus mollis 0.5  Oenanthe sp. 0.50 
Cirsium arvense 0.5  Petasites hybridus 0.50 
Heracleum sphondylium 0.4  Urtica dioica 0.50 
Tamus communis 0.4  Picris echioides 0.51 
Alliaria petiolata 0.4  Chenopodium album 0.52 
Silene dioica 0.4  Avena sp. 0.52 
Stachys sylvatica 0.3  Rubus fruticosus 0.53 
Rumex sp. 0.3  Polystichum setiferum 0.54 
Festuca rubra 0.3  Glechoma hederacea 0.55 
Geum urbanum 0.3  Hedera helix 0.56 
Brachypodium sylvaticum 0.3  Epilobium hirsutum 0.56 
Geranium robertianum 0.3  Tussilago farfara 0.57 
Pteridium aquilinum 0.3  Juncus compressus 0.57 
Chaerophyllum temulentum 0.2  Dipsacus fullonum 0.57 
Lonicera periclymenum 0.2  Euphorbia exigua 0.57 
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Cluster 5 (Cluster Group 1) 
 
(a)               (b) 
 
Species Cover  Species Distance
Pteridium aquilinum 11.3  Dryopteris dilatata 2.14
Rubus fruticosus 8.6  Ranunculus ficaria 2.14
Holcus mollis 7.8  Carex nigra 2.16
Hedera helix 5.6  Mentha aquatica 2.16
Holcus lanatus 3.8  Pimpinella saxifraga 2.16
Arrhenatherum elatius 3.3  Vicia hirsuta 2.16
Urtica dioica 3.0  Geranium sp. 2.16
Agrostis capillaris 2.7  Corydalis claviculata 2.16
Dactylis glomerata 2.7  Sanicula europaea 2.16
Festuca rubra 2.1  Ajuga reptans 2.17
Galium aparine 1.9  Chamerion angustifolium 2.20
Brachypodium sylvaticum 1.8  Galeopsis sp. 2.27
Agrostis stolonifera 1.8  Calamagrostis epigejos 2.27
Elytrigia repens 1.3  Hyacinthoides non-scripta 2.27
Lolium perenne 1.2  Filipendula ulmaria 2.30
Silene dioica 1.1  Brachypodium sylvaticum 2.32
Poa trivialis 0.9  Fragaria vesca 2.33
Chamerion angustifolium 0.8  Athyrium filix-femina 2.34
Ranunculus repens 0.8  Silene dioica 2.34
Deschampsia cespitosa 0.8  Lonicera periclymenum 2.34
Filipendula ulmaria 0.8  Rubus sp. 2.36
Digitalis purpurea 0.7  Sonchus sp. 2.37
Glechoma hederacea 0.7  Scrophularia nodosa 2.37
Lonicera periclymenum 0.7  Circaea lutetiana 2.37
Juncus effusus 0.6  Umbilicus rupestris 2.45
Dryopteris filix-mas 0.6  Holcus mollis 2.45
Mercurialis perennis 0.6  Juncus bufonius 2.49
Galium mollugo 0.5  Primula vulgaris 2.49
Viola sp. 0.5  Pteridium aquilinum 2.50
Stellaria holostea 0.4  Stellaria holostea 2.51
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Cluster 6 (Cluster Group 3) 
 
(a)               (b) 
 
Species Cover  Species Distance 
Agrostis stolonifera 9.0  Potentilla reptans 0.48 
Dactylis glomerata 8.7  Rumex crispus 0.48 
Arrhenatherum elatius 7.1  Agrostis stolonifera 0.49 
Urtica dioica 5.4  Polygonum aviculare 0.52 
Lolium perenne 5.4  Galeopsis tetrahit 0.54 
Holcus lanatus 5.3  Poa trivialis 0.54 
Elytrigia repens 3.2  Gnaphalium uliginosum 0.54 
Rubus fruticosus 2.5  Vicia sp. 0.54 
Poa trivialis 2.4  Plantago major 0.57 
Festuca rubra 1.7  Cirsium vulgare 0.59 
Galium aparine 1.4  Stellaria media 0.59 
Holcus mollis 1.2  Apium nodiflorum 0.62 
Cirsium arvense 1.2  Bromus commutatus 0.63 
Heracleum sphondylium 1.0  Veronica agrestis 0.63 
Agrostis capillaris 1.0  Senecio jacobaea 0.63 
Anthriscus sylvestris 1.0  Trifolium dubium 0.65 
Hedera helix 1.0  Galium verum 0.65 
Ranunculus repens 0.9  Rumex obtusifolius 0.66 
Rumex obtusifolius 0.7  Alopecurus pratensis 0.67 
Poa pratensis 0.7  Geranium molle 0.67 
Glechoma hederacea 0.6  Daucus carota 0.67 
Alopecurus pratensis 0.4  Geranium columbinum 0.67 
Phleum pratense 0.4  Odontites vernus 0.67 
Poa annua 0.4  Agrostis curtisii 0.67 
Pteridium aquilinum 0.4  Stachys arvensis 0.67 
Mercurialis perennis 0.4  Cymbalaria muralis 0.67 
Equisetum arvense 0.3  Corydalis sp. 0.67 
Convolvulus arvensis 0.3  Dactylis glomerata 0.70 
Lolium multiflorum 0.3  Poa annua 0.70 
Taraxacum sp. 0.2  Trifolium pratense 0.70 

 
 



 86

Cluster 7 (Cluster Group 1) 
 
(a)               (b) 
 
Species Cover  Species Distance 
Hedera helix 52.1  Hedera helix 1.64 
Rubus fruticosus 16.6  Tamus communis 1.65 
Urtica dioica 8.4  Clematis vitalba 1.65 
Galium aparine 2.7  Geum urbanum 1.65 
Arrhenatherum elatius 2.5  Brachypodium pinnatum 1.67 
Glechoma hederacea 2.1  Hypericum perforatum 1.72 
Elytrigia repens 1.8  Mercurialis perennis 1.73 
Pteridium aquilinum 1.3  Arum maculatum 1.74 
Mercurialis perennis 1.0  Phyllitis scolopendrium 1.74 
Dactylis glomerata 1.0  Clinopodium vulgare 1.75 
Agrostis stolonifera 0.9  Verbascum thapsus 1.75 
Holcus lanatus 0.8  Galium sp. 1.75 
Brachypodium sylvaticum 0.7  Hypericum sp. 1.75 
Clematis vitalba 0.6  Holcus lanatus 1.75 
Cirsium arvense 0.6  Polystichum aculeatum 1.75 
Anthriscus sylvestris 0.5  Iris foetidissima 1.75 
Galium mollugo 0.5  Artemisia campestris 1.75 
Tamus communis 0.5  Polystichum setiferum 1.76 
Festuca rubra 0.4  Lamiastrum galeobdolon 1.77 
Convolvulus arvensis 0.4  Glechoma hederacea 1.77 
Silene dioica 0.4  Eupatorium cannabinum 1.78 
Geranium robertianum 0.4  Calystegia sepium 1.78 
Holcus mollis 0.3  Viola odorata 1.79 
Stachys sylvatica 0.3  Rubus fruticosus 1.81 
Humulus lupulus 0.3  Solanum dulcamara 1.84 
Ballota nigra 0.3  Solanum dulcamara 1.84 
Geum urbanum 0.3  Melica uniflora 1.87 
Heracleum sphondylium 0.3  Elymus sp. 1.88 
Teucrium scorodonia 0.2  Carex sylvatica 1.90 
Lonicera periclymenum 0.2  Dryopteris sp. 1.92 
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Cluster 8 (Cluster Group 2) 
 
(a)               (b) 
 
Species Cover  Species Distance 
Holcus lanatus 18.5  Crepis capillaris 1.53 
Lolium perenne 9.7  Ranunculus repens 1.54 
Festuca rubra 6.2  Ranunculus acris 1.56 
Dactylis glomerata 5.7  Holcus lanatus 1.58 
Agrostis capillaris 5.4  Trifolium dubium 1.60 
Agrostis stolonifera 5.0  Rumex obtusifolius 1.60 
Rubus fruticosus 2.5  Phleum pratense 1.61 
Urtica dioica 2.5  Lolium perenne 1.62 
Arrhenatherum elatius 2.1  Achillea millefolium 1.64 
Poa trivialis 2.0  Alopecurus pratensis 1.64 
Ranunculus repens 1.3  Agrostis stolonifera 1.68 
Poa pratensis 1.0  Dactylis glomerata 1.69 
Cynosurus cristatus 1.0  Cardamine sp. 1.69 
Anthoxanthum odoratum 1.0  Hordeum secalinum 1.70 
Cirsium arvense 0.9  Festuca rubra 1.70 
Holcus mollis 0.9  Veronica serpyllifolia 1.71 
Elytrigia repens 0.8  Plantago major 1.71 
Poa annua 0.8  Cardamine pratensis 1.72 
Hedera helix 0.7  Taraxacum sp. 1.72 
Trifolium repens 0.7  Plantago lanceolata 1.72 
Galium aparine 0.7  Carex hirta 1.73 
Glechoma hederacea 0.6  Veronica chamaedrys 1.73 
Pteridium aquilinum 0.6  Trisetum flavescens 1.74 
Glyceria fluitans 0.6  Poa trivialis 1.74 
Rumex obtusifolius 0.5  Glyceria fluitans 1.74 
Juncus effusus 0.5  Carex caryophyllea 1.75 
Phleum pratense 0.5  Medicago lupulina 1.75 
Digitalis purpurea 0.5  Potentilla palustris 1.75 
Deschampsia cespitosa 0.4  Ranunculus flammula 1.75 
Rumex acetosa 0.4  Glyceria sp. 1.75 
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Cluster 9 (Cluster Group 5) 
 
(a)               (b) 
 
Species Cover  Species Distance 
Galium aparine 14.9  Conium maculatum 1.50 
Urtica dioica 4.3  Avena fatua 1.50 
Arrhenatherum elatius 3.9  Brassica napus 1.52 
Elytrigia repens 3.7  Papaver rhoeas 1.53 
Rubus fruticosus 1.6  Hordeum distichon 1.55 
Heracleum sphondylium 1.3  Aethusa cynapium 1.55 
Anthriscus sylvestris 1.3  Tragopogon pratensis 1.56 
Alliaria petiolata 1.3  Sonchus asper 1.59 
Hedera helix 1.1  Triticum aestivum 1.59 
Convolvulus arvensis 1.1  Centaurea scabiosa 1.60 
Poa trivialis 0.9  Sisymbrium officinale 1.61 
Glechoma hederacea 0.7  Impatiens glandulifera 1.62 
Dactylis glomerata 0.7  Alopecurus myosuroides 1.63 
Brassica napus 0.7  Senecio vulgaris 1.63 
Bromus sp. 0.7  Succisa pratensis 1.64 
Hordeum distichon 0.6  Allium ursinum 1.64 
Agrostis stolonifera 0.5  Zea mays 1.64 
Ballota nigra 0.5  Urtica urens 1.64 
Avena fatua 0.5  Kickxia elatine 1.64 
Sonchus asper 0.5  Solanum nigrum 1.64 
Hordeum murinum 0.5  Anthriscus caucalis 1.64 
Malva sylvestris 0.4  Polygonum nodosum 1.64 
Festuca rubra 0.4  Amsinckia micrantha 1.64 
Lamium album 0.4  Fallopia convolvulus 1.65 
Conium maculatum 0.4  Hordeum murinum 1.65 
Chaerophyllum temulentum 0.3  Sinapis arvensis 1.66 
Holcus lanatus 0.3  Lamium purpureum 1.66 
Triticum aestivum 0.3  Lapsana communis 1.66 
Lolium perenne 0.3  Bromus sp. 1.66 
Cirsium arvense 0.3  Convolvulus arvensis 1.75 
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Cluster 10 (Cluster Group 4) 
 
(a)               (b) 
 
Species Cover  Species Distance 
Lolium perenne 35.7  Poa trivialis 1.03
Agrostis stolonifera 7.5  Stellaria media 1.04
Poa trivialis 6.3  Lolium perenne 1.09
Dactylis glomerata 4.2  Poa annua 1.09
Holcus lanatus 4.1  Polygonum aviculare 1.10
Urtica dioica 2.8  Veronica agrestis 1.11
Poa annua 2.5  Plantago major 1.12
Trifolium repens 1.6  Cirsium vulgare 1.12
Arrhenatherum elatius 1.5  Taraxacum sp. 1.13
Ranunculus repens 1.5  Alopecurus pratensis 1.13
Festuca rubra 1.5  Hordeum secalinum 1.16
Agrostis capillaris 1.4  Trifolium dubium 1.17
Cirsium vulgare 1.1  Veronica persica 1.19
Elytrigia repens 1.0  Rumex obtusifolius 1.19
Rubus fruticosus 0.9  Veronica serpyllifolia 1.21
Cirsium arvense 0.9  Senecio jacobaea 1.22
Galium aparine 0.7  Agrostis stolonifera 1.23
Phleum pratense 0.7  Hypochoeris spp./Leontodon spp. 1.24
Stellaria media 0.6  Dactylis glomerata 1.24
Taraxacum sp. 0.5  Galeopsis tetrahit 1.24
Holcus mollis 0.5  Gnaphalium uliginosum 1.25
Cynosurus cristatus 0.5  Vicia sp. 1.25
Rumex obtusifolius 0.5  Galium verum 1.25
Hedera helix 0.4  Bromus commutatus 1.26
Poa pratensis 0.4  Phleum pratense 1.27
Anthriscus sylvestris 0.4  Matricaria disciformis 1.29
Glechoma hederacea 0.3  Crepis capillaris 1.30
Heracleum sphondylium 0.2  Daucus carota 1.30
Digitalis purpurea 0.2  Geranium columbinum 1.30
Cerastium fontanum 0.2  Odontites vernus 1.30
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Cluster 11 (Cluster Group 5) 
 
(a)               (b) 
 
Species Cover  Species Distance 
Urtica dioica 38.2  Malva sylvestris 0.20 
Galium aparine 5.2  Galium aparine 0.24 
Arrhenatherum elatius 3.8  Alliaria petiolata 0.29 
Rubus fruticosus 2.8  Picris echioides 0.30 
Elytrigia repens 2.1  Humulus lupulus 0.31 
Dactylis glomerata 1.6  Chenopodium album 0.35 
Anthriscus sylvestris 1.4  Epilobium hirsutum 0.38 
Hedera helix 1.4  Ballota nigra 0.39 
Cirsium arvense 1.0  Lapsana communis 0.40 
Heracleum sphondylium 1.0  Convolvulus arvensis 0.42 
Agrostis stolonifera 0.9  Lamium purpureum 0.43 
Convolvulus arvensis 0.7  Lamium album 0.44 
Holcus lanatus 0.7  Festuca gigantea 0.46 
Poa trivialis 0.7  Elymus repens 0.48 
Lolium perenne 0.6  Aegopodium podagraria 0.49 
Glechoma hederacea 0.6  Artemisia vulgaris 0.49 
Humulus lupulus 0.5  Avena sativa 0.49 
Holcus mollis 0.5  Symphytum officinale 0.49 
Clematis vitalba 0.4  Avena sp. 0.50 
Stachys sylvatica 0.4  Arrhenatherum elatius 0.51 
Epilobium hirsutum 0.4  Smyrnium olusatrum 0.53 
Calystegia sepium 0.4  Tussilago farfara 0.53 
Rumex obtusifolius 0.3  Phragmites australis 0.54 
Lamium album 0.3  Solanum dulcamara 0.55 
Aegopodium podagraria 0.3  Papaver rhoeas 0.56 
Silene dioica 0.2  Heracleum sphondylium 0.56 
Cirsium vulgare 0.2  Chaerophyllum temulentum 0.56 
Alliaria petiolata 0.2  Hypericum montanum 0.57 
Ranunculus repens 0.2  Pimpinella major 0.57 
Chaerophyllum temulentum 0.1  Solanum tuberosum 0.57 
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Cluster 12 (Cluster Group 5) 
 
(a)               (b) 
 
Species Cover  Species Distance 
Elytrigia repens 37.7  Sisymbrium officinale 0.55 
Arrhenatherum elatius 7.5  Triticum aestivum 0.60 
Urtica dioica 4.2  Sonchus asper 0.64 
Galium aparine 4.0  Hordeum distichon 0.64 
Dactylis glomerata 3.1  Brassica napus 0.65 
Rubus fruticosus 2.2  Papaver rhoeas 0.66 
Agrostis stolonifera 1.5  Avena fatua 0.66 
Heracleum sphondylium 1.1  Alopecurus myosuroides 0.66 
Lolium perenne 0.9  Tragopogon pratensis 0.68 
Hedera helix 0.9  Conium maculatum 0.68 
Cirsium arvense 0.8  Fallopia convolvulus 0.70 
Convolvulus arvensis 0.8  Convolvulus arvensis 0.72 
Poa trivialis 0.8  Lamium purpureum 0.73 
Holcus lanatus 0.8  Viola arvensis 0.74 
Anthriscus sylvestris 0.6  Hordeum murinum 0.74 
Holcus mollis 0.5  Artemisia vulgaris 0.76 
Lamium album 0.5  Lapsana communis 0.76 
Festuca rubra 0.4  Senecio vulgaris 0.78 
Triticum aestivum 0.4  Aethusa cynapium 0.79 
Epilobium hirsutum 0.3  Lamium album 0.80 
Glechoma hederacea 0.3  Alliaria petiolata 0.81 
Avena fatua 0.3  Impatiens glandulifera 0.81 
Hordeum distichon 0.3  Centaurea scabiosa 0.83 
Alliaria petiolata 0.3  Sinapis arvensis 0.83 
Poa pratensis 0.3  Succisa pratensis 0.84 
Brassica napus 0.3  Allium ursinum 0.84 
Poa annua 0.2  Zea mays 0.84 
Stellaria media 0.2  Urtica urens 0.84 
Alopecurus pratensis 0.2  Kickxia elatine 0.84 
Artemisia vulgaris 0.2  Solanum nigrum 0.84 
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Cluster 13 (Cluster Group 2) 
 
(a)               (b) 
 
Species Cover  Species Distance 
Agrostis capillaris 25.4  Potentilla erecta 2.40
Holcus lanatus 7.3  Danthonia decumbens 2.40
Pteridium aquilinum 4.9  Molinia caerulea 2.40
Festuca rubra 4.3  Nardus stricta 2.40
Dactylis glomerata 3.2  Poa compressa 2.40
Holcus mollis 3.1  Carex binervis 2.40
Lolium perenne 2.8  Carex flacca 2.40
Rubus fruticosus 2.7  Carex ovalis 2.40
Digitalis purpurea 2.4  Carex panicea 2.40
Anthoxanthum odoratum 2.1  Equisetum fluviatile 2.40
Juncus effusus 1.4  Equisetum sylvaticum 2.40
Cynosurus cristatus 1.2  Jasione montana 2.40
Poa pratensis 1.1  Juncus bulbosus 2.40
Urtica dioica 0.9  Juncus conglomeratus 2.40
Arrhenatherum elatius 0.9  Veronica officinalis 2.40
Poa trivialis 0.8  Viola palustris 2.40
Trifolium repens 0.8  Hypochoeris sp. 2.40
Rumex acetosella 0.8  Stellaria sp. 2.40
Rumex acetosa 0.8  Sedum sp. 2.40
Hedera helix 0.7  Aira praecox 2.40
Oxalis acetosella 0.6  Cerastium semidecandrum 2.40
Deschampsia flexuosa 0.6  Lathyrus tuberosus 2.40
Agrostis canina 0.5  Carex viridula 2.40
Agrostis stolonifera 0.5  Aphanes sp. 2.40
Deschampsia cespitosa 0.5  Chrysosplenium oppositifolium 2.41
Dryopteris filix-mas 0.4  Rumex acetosa 2.42
Galium aparine 0.4  Carex remota 2.42
Galium saxatile 0.4  Galium saxatile 2.43
Ranunculus repens 0.4  Ranunculus bulbosus 2.43
Cerastium fontanum 0.4  Oxalis acetosella 2.46
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Appendix 3 -  Mean cover of injurious and pernicious weeds 
in each of the 13 CS clusters 
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Data:              
 C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 

Cirsium arvense 1.74 0.70 0.26 0.47 0.38 1.15 0.56 0.88 0.33 0.85 1.01 0.83 0.25
Cirsium vulgare 0.24 0.06 0.03 0.15 0.15 0.18 0.10 0.40 0.18 1.14 0.21 0.14 0.13
Galium aparine 6.60 2.75 1.16 2.87 1.90 1.36 2.69 0.69 14.88 0.69 5.22 3.96 0.43
Rumex crispus 0.06 0.05 0.02 0.03 0.04 0.07 0.01 0.03 0.01 0.04 0.02 0.02 0.01
R. obtusifolius 0.40 0.14 0.17 0.17 0.19 0.70 0.07 0.52 0.16 0.45 0.27 0.13 0.20
Senecio jacobaea 0.00 0.06 0.00 0.02 0.01 0.03 0.01 0.06 0.01 0.03 0.01 0.01 0.01
Urtica dioica 17.27 5.51 2.91 5.04 3.01 5.38 8.39 2.46 4.31 2.77 38.22 4.19 0.88
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Appendix 4 - Provisional guidelines for field recognition and restoration of the six groups of hedgerow 
herbaceous flora 
 
(a) Field recognition and restoration objectives. The names given to the groups relate to the type of species present in the hedgerow vegetation 
and not necessarily the habitat or landscape in which it is located, although in many cases the two will be related 
 
Group Field Recognition Restoration 

Objectives 
Management & 
Restoration 
Options1 

    
1. Woodland Herbs Distinctive woodland element in the flora with shade-tolerant and grazing-

intolerant perennials, especially near the hedge canopy. Bramble (Rubus 
fruticosus), ivy (Hedera helix) or bracken (Pteridium aquilinum) might be 
abundant. Examples of typical species are creeping soft-grass (Holcus mollis), 
false brome (Brachypodium sylvaticum), red campion (Silene dioica), dog’s 
mercury (Mercurialis perennis), herb robert (Geranium robertianum) or wood 
sage (Teucrium scorodonia). Ferns and climbers are also often present. 

Maintain woodland 
element. 
 
 
Reduce competitive 
woodland species if 
dominant  

1.1, 1.2, 1.3, 1.4 
2.1, 2.2 
3.1, 3.2, 3.3, 3.4 
 
3.5 
4.2, 4.5 
5.3, 5.5 

    
2. Species-rich or 
Semi-improved 
Grassland 

Distinctive element in the flora of species typical of semi-improved or 
unimproved grassland, and associated with moderate to low nutrient levels and 
tolerant of moderate grazing intensity. Usually adjacent to grassland habitat and 
often located on hedgebank. Mesotrophic grasses might be abundant, such as 
Yorkshire fog (Holcus lanatus), red fescue (Festuca rubra) or smooth meadow-
grass (Poa pratensis), with common forbs also present, for example common 
sorrel (Rumex acetosa) or germander speedwell (Veronica chamaedrys). Also 
includes sites with acidic grassland characteristics where species such as 
common bent (Agrostis capillaris) and sweet vernal-grass (Anthoxanthum 
odoratum) might be prominent, and other species also present such as soft rush 
(Juncus effusus), sheep’s sorrel (Rumex acetosella), bracken (Pteridium 
aquilinum), heath bedstraw (Galium saxatile), purple moor-grass (Molinia 
caerulea) or tormentil (Potentilla erecta). A wetland component or rarely, 
calcareous grassland, might also be present. 
 
 
 

Maintain or increase 
diversity of grassland 
element and retain 
any woodland 
element. 

1.1, 1.2, 1.3, 1.5 
2.1, 2.2, 2.3 
3.1, 3.2, 3.3, 3.4 
 
4.1, 4.2, 4.5 
7.2, 7.3 
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Group Field Recognition Restoration 
Objectives 

Management & 
Restoration 
Options1 

    
3. Rank Grassy 
Vegetation 

Rank vegetation, similar to nutrient-rich variants of MG1 False oat-grass 
(Arrhenatherum elatius) grassland containing species typical of high nutrient 
status and low grazing intensity. Commonly associated with grassland or arable 
land. Competitive perennial grasses might be abundant, such as false oat-
grass, cock’s-foot (Dactylis glomerata) or creeping bent (Agrostis stolonifera) 
and tall, competitive forbs such as cow parsley (Anthriscus sylvestris), creeping 
thistle (Cirsium arvense), and common hogweed (Heracleum sphondylium) or 
others such as hedge bedstraw (Galium mollugo), hedge woundwort (Stachys 
sylvatica) or rough chervil (Chaerophyllum temulentum). 

Reduce nutrient 
status and increase 
incidence of 
woodland and 
grassland forbs. 

1.1, 1.2, 1.3 
2.1, 2.2, 2.3 
3.1, 3.2, 3.3, 3.4 
4.1, 4.2, 4.3, 4.4, 
4.5 
5.1, 5.2, 5.5 
7.1, 7.8 

    
4. Species-poor 
Pasture 

Heavily grazed or disturbed open vegetation, usually adjacent to grassland and 
likely to be found where livestock have frequent access up to the hedge base. 
Species typical of improved grassland likely to be present, for example 
perennial rye-grass (Lolium perenne), rough meadow-grass (Poa trivialis) or 
white clover (Trifolium repens) along with those indicative of disturbance under 
high nutrient availability such as annual meadow-grass (P. annua), creeping 
buttercup (Ranunculus repens), chickweed (Stellaria media), dandelion 
(Taraxacum officinale), spear thistle (Cirsium vulgare), knotgrass (Polygonum 
aviculare) or greater plantain (Plantago major). 

Re-establish 
perennial vegetation 
containing common 
grassland and 
woodland forb 
species. 

1.1, 1.2, 1.3 
3.1, 3.2, 3.3, 3.4 
4.1, 4.3 
5.1, 5.2, 5.4, 5.5, 
5.6 
6.1, 6.2 
7.1, 7.4, 7.5, 7.6, 
7.7, 7.8 

    
5. Disturbed Arable Comprised primarily of species associated with disturbed, nutrient-rich 

conditions, usually adjacent to arable land and likely to be located next to the 
field edge. Some sites might be colonised primarily by annual species. Cleavers 
(Galium aparine), common couch (Elytrigia repens), stinging nettle (Urtica 
dioica) or similar species might be abundant. Other typical species include garlic 
mustard (Alliaria petiolata), wild oat (Avena fatua), prickly sow-thistle (Sonchus 
asper), annual nettle (Urtica urens), charlock (Sinapis arvensis), nipplewort 
(Lapsana communis), red dead-nettle (Lamium purpureum), white dead-nettle 
(L. album) or naturally colonising crop species. 
 
 
 

Re-establish 
perennial vegetation. 

1.1, 1.2, 1.3 
3.1, 3.2, 3.3, 3.4 
4.1, 4.3 
5.1, 5.2, 5.4, 5.5, 
5.6 
6.1, 6.2 
7.1 
8.1, 8.2, 8.3 
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Group Field Recognition Restoration 
Objectives 

Management & 
Restoration 
Options1 

    
6. Sparse Vegetation 
in Shade 

A high percentage of bare ground (average 50%), often due to dense shading 
under the hedge canopy. Species present might be bramble (Rubus fruticosus), 
ivy (Hedera helix) and a range of other species associated with woodland, 
grassland or arable habitats. 

Re-establish 
woodland vegetation 
if none present. 

1.1, 1.2, 1.3 
3.1, 3.2, 3.3, 3.4, 
3.5 
4.1, 4.3 
5.1, 5.2, 5.3, 5.4, 
5.5, 5.6 

1 Codes refer to practices in the following table. 
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(b) Management and restoration practices identified from the literature review. 
 
Code Management or restoration practice Reference 
1.1 Retain banks and other features Buglife (2003); Wolton (2009a) 
1.2 Avoid herbicide drift Buglife (2003) 
1.3 Avoid fertiliser contamination Schippers & Wouter (2002); Marshall et al. 

(2001a) 
1.4 Avoid grazing of woodland flora Kirby (1988) 
1.5 Avoid intensive grazing of grassland flora Cooke (1994, 1995); Bell et al. (1994); Buglife 

(2003) 
2.1 Cut hedge base once / year maximum Menneer (1994) 
2.2 Remove cuttings Schippers & Wouter (2002); De Cauwer et al. 

(2005) 
2.3 In grassland mow and graze aftermath lightly Christal et al. (2001); Hayes et al. (2000); 

Smith et al. (2000) 
3.1 Retain hedge structure by regular management Barr et al. (2005) 
3.2 Maintain wide hedge Hegarty (1992); Hegarty et al. (1994); Burel & 

Baudry (1990); Deckers et al. (2004) 
3.3 Coppice hedge on rotation where traditional 

practice 
Marshall et al. (2001a); Moonen & Marshall 
(2001) 

3.4 Plant up gaps in hedge Moonen & Marshall (2001) 
3.5 Reduce canopy to increase light penetration Highways Agency (2005); Abdy & Mayhead 

(1992) 
4.1 Test soil nutrient status Natural England (2008, 2009) and Pywell et al. 

(2007) 
4.2 Avoid soil disturbance in established vegetation Schippers & Wouter (2002) 
4.3 Ensure competitive weed cover is low Highways Agency (2005) 
4.4 Cut twice annually to control creeping thistle De Cauwer et al. (2005); Lawson et al. (2004) 
4.5 Natural regeneration of existing flora Marshall et al. (2001a) 
5.1 Focus woodland flora restoration on large 

hedges and shaded side 
Baudry, in Forman & Godron (1986) 

5.2 Focus woodland flora restoration near existing 
woodland 

Verheyen et al. (2003); Jacquemyn et al. 
(2003) 

5.3 Graze dominant bramble in summer Kirby & Woodell (1998) 
5.4 Ensure minimum 30% leaf litter cover Highways Agency (2005) 
5.5 Introduce woodland flora as plug plants Highways Agency (2005) 
5.6 Re-seed woodland flora at 5-10kg/ha in late 

winter / early spring 
Highways Agency (2005) 

6.1 Restore banks with hessian textile and pre-
seeded bags 

Wolton (2009a) 

6.2 Restore banks with turf or soil from hedge base Wolton (2009a) 
7.1 Focus grassland flora restoration on small 

hedges and sunny side 
Baudry, in Forman & Godron (1986) 

7.2 Extensive grassland management if low soil P Gibson et al. (1987) 
7.3 Natural regeneration on calcareous grassland if 

low soil P 
Mortimer et al. (2002) 

7.4 Re-seed grassland field margins Marshall et al. (2001b); Sheridan et al. (2008) 
7.5 Harrow and sow seed of generalist species Hellstrom et al. (2009); Pywell (2006); Pywell 

et al. (2007) 
7.6 Introduce seed using fresh-cut green hay Pywell et al. (1995) 
7.7 Apply molluscicide to reduce seedling herbivory Pywell et al. (2007) 
7.8 Introduce Rhinanthus for 3-5 years Pywell et al. (2007) 
8.1 Destroy existing vegetation with herbicide Marshall et al. (2001a) 
8.2 Establish field margin strip on arable land Lye et al. (2009); Marshall et al. (2001a); 

Maudsley et al. (2000); Pywell et al. (2005) 
8.3 Establish grass margin with mesotrophic 

grassland forbs 
Moonen & Marshall (2001); Pywell et al. 
(2006) 
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