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Executive Summary 
 

1. Hedges are a fundamental component of the UK landscape, making a critical contribution to 
landscape-scale conservation measures, as recognised in the Lawton report: Making space 
for nature: a review of England’s wildlife sites and ecological network. 

 
2. This report increases our understanding of the role hedges play in supporting biodiversity. It 

presents information on the importance of managing all hedge components optimally for 
biodiversity and the inter-relationship of the five structural components of hedges (trees, 
shrubs, hedge base, field margin and ditches). The focus is on priority species listed in Section 
41/42 of the Natural Environment and Rural Communities Act (2006) and equivalent 
legislation in other UK countries (i.e. former BAP species), together with species listed as 
Biodiversity 2020 Farmland Indicators. A total of 107 such species were identified (excluding 
widespread moths). 

 
3. More species are dependent on the tree layer (60%) and the shrub layer (56%), alone or in 

combination with other components. The base (42%) and margin (40%) follow. 
Comparatively few of the listed species are dependent on ditches (9%). 

 
4. Overall, the majority (65%) of species are dependent on more than one hedge components, 

with over a third (35%) being dependent on three or more components. However, for species 
with a restricted distribution, over half (57%) are dependent on just one component. The 
great majority (81%) of species with a widespread distribution are dependent on more than 
one component. These include all farmland biodiversity quality indicators (comprising 
various butterflies, birds and bats). 

 
5. Our analysis shows that where priority & Farmland Indicator species are dependent on the 

combination of hedge components, the most important combinations are: 

 Shrub + Tree (19 species) 

 Shrub + Base + Margin (9) 

 Shrub + Tree + Margin (8)  

 Base + Margin (6) 

 Shrub + Tree + Base + Margin (6) 

 Shrub + Tree + Base + Margin + Ditch (4) 
 

6. Schematic models were developed to elucidate and illustrate the relationship between these 
components for a number of taxa. 

 
7. A suite of nine advice sheets relating to particular animals or assemblages of animals were 

written based on analysis. See 9 (2) below for details. At a farm scale, there was very little 
conflict between the requirements of the chosen species. It was therefore possible to 
produce a further advice sheet, giving general advice on optimal management for hedge 
biodiversity. 

 
8. The component analysis, models and advice sheets, together with a detailed literature 

review, provided the evidence needed to propose 45 adjustments to Environmental 
Stewardship options (January 2013): Environmental Stewardship is the main agri-
environment scheme in England. 



9. The priority areas suggested for improvements to Environmental Stewardship are: 

 The co-location of priority options to cover more than one hedge component.  

 Maintaining and increasing connectivity between hedges, and between hedges and other 
semi-natural features such as woodlands and ponds. 

 Increasing hedge structural diversity, especially height range, at a whole farm level. 

 Promotion of hedge rejuvenation.  

 Creating a dense shrub layer, from top to bottom. 

 The establishment of new hedgerow trees.  
 

10. At the landscape scale, there is good evidence for the importance of connectivity to 
vertebrates, as navigational aids and for commuting between breeding and foraging sites. 
There is, however, comparatively little evidence that connected hedges are important 
corridors for animal dispersal. This is particularly true for invertebrates, although they 
probably do have a facilitating role to play in this respect.  

 
11. This report is supported by four annexes, comprising:  

 A spreadsheet giving the Section 41/42 and Farmland indicators species associated with 
hedges and the structural components they use. 

 Nine management advice sheets covering bumblebees, hairstreak butterflies, deadwood 
insects, ditch invertebrates, grass snake, farmland birds, hedgehog, bats and the hazel 
dormouse. A tenth sheet gives general management advice, addressing the requirements 
of the majority of biodiversity associated with hedges.   

 Detailed suggestions for how Environmental Stewardship options can be improved. 

 A bibliography of relevant literature.  
 

12. Suggestions are given for further research, as follows:  

 Factors limiting the establishment and survival of invertebrates. 

 Factors making hedges more resilient to environmental change. 

 The importance of hedge connectivity for dispersal, especially of invertebrates. 

 How gaps in hedge networks affect movement, dispersal and landscape permeability. 

 Definitions of the terms ‘landscape-scale’ and ‘farm-scale’ appropriate to a wide range of 
farmland biodiversity. 

 Why hedgerow trees are so attractive to insects. 

 The influence of hedge orientation and aspect on invertebrates. 
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1. Introduction 
 

Context 
 

1.1. In 2010 Professor Sir John Lawton presented the findings of a working group that had 
investigated whether England’s wildlife sites comprise a coherent and resilient ecological 
network (Lawton et al. 2010). Their analysis concluded that although the sites designated for 
their scientific interest make a significant contribution to wildlife conservation, they do not 
necessarily represent a coherent and resilient network in any meaningful sense.  
 

1.2. Lawton’s report argued that there was a need for bigger, better and joined up sites to create a 
sustainable, resilient and more effective ecological network for England. It emphasised the need 
to: 

 

 ‘Improve the quality of current sites by better habitat management.  

 Increase the size of current wildlife sites.  

 Enhance connections between, or join up, sites, either through physical corridors, or through 
‘stepping stones’.  

 Create new sites.  

 Reduce the pressures on wildlife by improving the wider environment, including through 
buffering wildlife sites.’  

 
1.3. Hedges represent an important part of the fabric of the countryside, providing shelter, breeding 

and feeding places for many animals. Their origins, form and function vary greatly depending 
upon regional factors. Some are exceptionally old and are rich in plant and animal life (Hegarty & 
Cooper 1994; Norfolk County Council undated; Scourfield 1977); others are comparatively recent 
and support a more restricted assemblage of plants and animals. Their possible role in facilitating 
resilience in populations of plants and animals is a matter of particular importance. In some 
cases, populations of animals and plants depend to a considerable extent upon the hedge itself 
as a place where they reside and maintain populations. In other cases, hedges may be seasonally 
important for animals whose breeding grounds lie far away. 
 

1.4. In all cases, it is unlikely that a single component of the hedge will operate entirely 
independently. For example, birds that eat berries in the autumn can only do so if the flowers of 
the shrubs are pollinated; and the pollinators may depend upon more attributes than just that 
one shrub species. We know that these relationships exist, but if we are to deliver greater 
resilience within the network of sites and the wider countryside matrix we need to understand 
how we might best manage our hedge resource. 

 
1.5. In the specification for this project, it was emphasised that there was a need for improved 

understanding of how different hedge components complement one another to benefit 
biodiversity. Such an understanding is important at both the landscape and the individual hedge 
level. An improved understanding of the synergistic benefits of different hedge (e.g. Dover et al. 
1990) components has the potential to inform the development of changes in management to 
increase biodiversity gains. These changes have the potential to assist in enhancing landscape 
connectivity maximising the contribution hedges make to the delivery of ecosystem services and 
climate change adaptation. 

 
1.6. This project was therefore commissioned to focus upon the synergies between individual hedge 

components that influence the prospects of plants and animals that make use of hedges.  
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Hedge composition 
 

1.7. A hedge typically consists of more than one structural component. In addition to a line of shrubs 
(the hedgerow sensu stricto), it may contain a bank and/or mature trees. On either side there 
may also be ditches and/or herbaceous margins. In some cases a parallel row of hedges may 
border a farm track, creating a ‘green lane’ (Dover et al. 2000), providing additional synergy. 
Current understanding of the way that these features complement one another or act 
synergistically to benefit biodiversity is poor, and yet we know that some hedges are richer in 
species than others. Part of the reason for species-richness is believed to relate to the availability 
of a combination of attributes (niches) that sustain the animal throughout its life, and part to 
landscape heterogeneity (Shreeve & Dennis 2011).  

 
1.8. Each animal has differing requirements but it is likely that there will be common features. Until 

now very little has been done to synthesise available information into a format that is readily 
useable by land managers. This study has been undertaken to address this gap by investigating 
the degree to which organisms are dependent on individual features or a combination of hedge 
structural components. 

 
1.9. The project specification emphasised the need to focus on priority species listed in the former UK 

Biodiversity Action Plan (Secretaries of State for the Environment and for Foreign and 
Commonwealth Affairs 1994; Biodiversity Reporting and Information Group 2007) and indicators 
of farmland quality (Defra 2012). This was necessary because investigation of a wider spectrum of 
species would have greatly enlarged the study and would have made it impractical within the 
context of the budget and timetable. (It should be noted that in the absence of any other 
suitable term that is applicable to all four UK countries, and as shorthand for Section 41 
(England)/Section 42 (Wales)/Scottish Biodiversity List/ Northern Ireland Biodiversity List, we 
use the term Priority species throughout this report). 

 
1.10. The study comprised four key elements: 

 A desk-based review of available information to identify species/groups which are dependent 
on one or more hedge components.  

 Development of conceptual models to describe the inter-relationships between the hedge 
components for a selected sub-sample of representative species. 

 Development of a set of leaflets designed to convey critical messages about the role different 
hedge components provide for the selected species or assemblages, and their optimal 
management. 

 Development of suggestions for revision of Environmental Stewardship, the main agri-
environment scheme in England. 

 
1.11. As the project progressed, it became increasingly apparent that the focus on Priority species 

meant that some key assemblages were not represented as well as they might be and that there 
was a need to adjust the outputs to better reflect the range and variation of biodiversity of 
hedges. The leaflets have therefore been developed to convey broader messages reflecting more 
closely the full range of life associated with hedges. This is especially important for invertebrates 
where individual species often have extremely specialised life histories. In addition, it became 
clear that inter-linkage not only reflected individual structural components of a hedge, but also 
the broader suite of associated species. This is particularly significant in relation to the role 
invertebrates play as a source of biomass that supports many vertebrates, especially birds and 
mammals. The advice sheets were therefore adjusted to reflect this analysis. 
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1.12. Species chosen for detailed analysis and inclusion on the advice sheets provide the basis for 
developing new or revised approaches for Environmental Stewardship.  
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2. Review of available information on hedge component use 
 
2.1. This review focussed on species recognised as Species of Principal Importance for the 

conservation of biodiversity under Section 41 (England) and Section 42 (Wales) of the Natural 
Environment and Rural Communities (NERC) Act (2006). The equivalent legislation in Scotland is 
the Nature Conservation (Scotland) Act 2004, and in Northern Ireland the Wildlife and Natural 
Environment Act (Northern Ireland) 2011.  Government bodies in all four UK countries are 
required to consider the needs of Priority Species when carrying out their duty to further the 
conservation of biodiversity.  In addition, the review was expanded to include Biodiversity 2020 
farmland indicator species (Defra, 2012).  

 
2.2. A total of 158 priority and farmland indicator species are identified as being significantly 

associated with hedges (Appendix 1 for list and Annex A - Spreadsheet for full information). This 
selection is based upon Wolton (2009a), Webbet al. (2010) and, for farmland biodiversity 
indicators, Defra (2012). Of these, 51 are priority moths which while known to have declined 
substantially in recent decades remain widespread and common. The only action currently 
required for these 51 species is more research to understand the reasons for their decline. These 
moths have not been included in the analysis below, so it covers 107 species. 

 
2.3. The spreadsheet refines and expands the information provided in Wolton (2009a). Five further 

species are added from Webb et al. (2010) and 23 farmland indicator species are added from 
Defra (2012). In addition, an outline of the ecology of the species is provided, together with notes 
on the hedge structural components that they are dependent upon and the distribution and 
status of individual species. The structural components considered are the shrub layer, the tree 
layer (including isolated trees), the base (with or without earth bank), together with any ditch or 
herbaceous margin. These components are rarely sharply defined from one another there is an 
inevitable overlap between categories. For definitions of these categories, see Table 1 and for an 
illustration Figure 1.  

 

 
Figure 1: Hedge components, comprising the tree (T), scrub (S), hedge base (HB), field margin 
(FM) and ditch (D).  
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Table 1: Definitions of terms 
Term Definition 

Hedgerow Any boundary line of trees or shrubs over 20m long with less than 5m gap 
between major woody stems at the base, provided that at one time the trees 
or shrubs were more or less continuous. Includes classic shrubby hedgerows, 
lines of trees, shrubby hedgerows with trees and the gappy remains of 
hedgerows (After Defra 2007.) 

Hedge Hedgerow together with closely associated features such as banks, ditches and 
margins, where the presence, structure, species-composition or management 
of those features is related to or affected by the hedgerow and its 
management. 

Distribution Widespread Not narrowly distributed (see below). May still be restricted to one or more 
regions/countries, and declining. 

Narrow Found in 100 or less hectads (10 km squares) in the UK, i.e. Nationally Scarce or 
conforming to IUCN threat categories

1
. 

Component Shrub layer The woody part of the hedge consisting of bushes, which are usually multi-
stemmed and much branched, together with young trees, and is less than 4m 
high.  

Tree layer The woody part of a hedge which is normally more than 4m high, but may also 
be represented by substantial shorter pollards and coppice stools. Both isolated 
trees, where the canopies do not touch, and lines of trees are included here. 
Isolated trees usually have a single stem and are at least twice the height of the 
any shrub layer. Lines of trees may or may not have a shrub layer beneath 
them. Includes ancient trees and those with veteran features (e.g. deadwood, 
rot holes, splits and sap runs). 

Base The bare or vegetated ground beneath the canopy of the shrub and tree layer, 
where any perennial plant communities are at least partly shade tolerant. 
Includes any bank, but not any ditch. Banks may be turf or stone faced, and 
may support herbaceous vegetation or be bare, in whole or in part. 

Margin The ground adjoining the base towards the field centre. Include grass buffer 
strips, arable conservation headlands and field margins managed to benefit 
biodiversity, whether it be, for example, rare arable plants, bees and other 
insects dependent on nectar and pollen, or farmland birds. Margins will 
normally be managed differently from the main cropping or grazing area of 
fields. They may extend a considerable distance away from the hedge – no cut-
off point is given, reflecting the main aim of the research to explore 
interactions between components, not their comparative importance to 
biodiversity. 

Ditch Any watercourse closely associated with the hedge. May be shallow or deep, 
and carry water permanently, seasonally or just in response to heavy rainfall 
events. Ditches may be under the canopy of the shrubs or trees or outside this 
line. Hedge banks are often formed from the material excavated from ditches.  

Use of 
component 

Growing 
substrate  

The hedge soil, leaf litter, twigs, branches or stems upon which fungi, lichens or 
plants grow. 

Food  
 

The use of the hedge as a source of food, whether for larval or immature stages 
or for reproductive adults. 

Breeding  
 

The use of the hedge for reproduction including finding mates, 
nesting/oviposition and provision of food for larvae. (For most invertebrates 
where larvae use a hedge for food the species concerned will also use it for 
breeding.) 

Shelter  The use of the hedge specifically to provide protection against adverse 
environmental conditions or predators, both for both active and dormant 
individuals. Includes the provision of hibernation sites (e.g. for some mammals) 
and overwintering sites (e.g. for insect eggs, larvae, pupae or adults).  

                                                           
1
 For use of status definitions see http://jncc.defra.gov.uk/page-3352 
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Landscape 
connectivity  

Used only where there is evidence that species populations have a significant 
dependency on more or less intact hedge networks, for commuting movement 
to and from food sources and breeding sites, or for dispersal. 

 
2.4. The spreadsheet broadly classifies how each component is used by the species concerned, 

whether as a growth substrate in the case of plants, or for animals for food, breeding or shelter.  
Inevitably they overlap at times. Notes are given, in the case of birds, on the importance of 
components for each of the ”Big 3” – safe nesting sites, summer food supply and winter food 
supply2. It also notes where landscape connectivity, for example networks of hedges, is known to 
be important for species survival.  

 
Literature review 
 

2.5. A literature search was undertaken using a variety of networks and tools, including Google 
Scholar and Scopus, with appropriate follow-up where additional sources were highlighted in the 
peer-reviewed literature. Searches involved terms combining species/assemblages with hedge 
attributes and relationships such as connectivity.  

 
2.6. In addition, grey literature arising from studies for Biodiversity Action Plans and English Nature’s 

‘Species Recovery Programme’ was investigated.  
 

2.7. The resulting titles were compiled into a spreadsheet that was extended as and when new 
literature sources were located from individual papers or during incidental searches for abstracts. 
The spreadsheet was also populated with abstracts for papers and other literature where this 
was possible. A total of 317 citations were regarded as potentially relevant to the broader 
objectives of the study. These citations are listed in a separate bibliography which is provided as 
an annex to this report. 

 

Results of hedge component use analysis 
 

2.8. The list of target species was composed of three broad groups of animals: 
 

 Animals with a widespread distribution whose numbers have been shown to have declined 
very significantly over a 25 year timeframe. This includes, for example, many farmland birds. 

 Animals known to have a highly restricted distribution for which good data are available on 
population trends over a 25 year timeframe. 

 Animals known to have a highly restricted distribution for which data are insufficient to 
determine the way numbers have changed over a 25 year timeframe. 

 
2.9. Relevant statistics are given in tables 2-4 in which the comparative importance of hedge 

components, inter-relationships between hedge components and utilisation of different hedge 
components are described. 

 

                                                           
2
 For more information on the Big 3 see http://www.rspb.org.uk/ourwork/farming/advice/conservation/big3.aspx. 

http://www.rspb.org.uk/ourwork/farming/advice/conservation/big3.aspx
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Table 2: The comparative importance of each type of component in supporting priority species and 
farmland indicator species 
 

Component Number (%) species using 
specified component either on 
its own or with other 
components 

Shrub 60 (56%) 

Tree 64 (60%) 

Base 45 (42%) 

Margin 43 (40%) 

Ditch 10 (9%) 

 
 
Table 3: The number of species using one, two, three, four or five structural hedge components, and 
the relationship between distribution (widespread or restricted) and number of components used  
 

Component 
combinations 

Number of 
species 
 

% of all 
species 

Number of species with 
restricted distribution (% of 
total number of species with 
restricted distribution) 

1 component only 37 35% 25 (57%) 

2 components 33 31% 13 (30%) 

3 components 27 25% 5 (11%) 

4 components 6 6% 1 (2%) 

5 components  4  4% 0 

More than 1 
component 

70 65% 19 (43%) 

More than 2 
components 

37 35% 6 (14%) 

More than 3 
components 

10  9% 1 (2%) 

Total species 107  44 

 
Table 4: The number of priority species and farmland indicator species using each combination of 
hedge components (excluding 51 priority widespread moth species). Hedge components are shrub 
layer, tree layer, base, margin and ditch. (see further Appendix 1 for list and scientific names). 
 

Components No. 
spp. 

% of total 
species  

Species and component use 
G - Growing substrate (for plants) 
F - Food (all life stages) 
B - Breeding (e.g. nesting, larval habitat) 
S - Shelter (either summer or winter, 
includes hibernation and overwintering 
sites)  
C – Landscape connectivity known to be 
important 

Notes on status and distribution 
(i) EPS – European Protected Species. 
(ii) UKPS – listed on Schedules 1, 5 (s 
9.2) or 8 of Wildlife and Countryside 
Act (1981) as amended. 
(ii) Species with restricted distributions 
are those that are nationally scarce or 
rarer. 
(iii) Widespread species may still be 
uncommon. 

Shrub only 3 2.8 Hazel gloves fungus (G) and two 
restricted moths (F,B) 

All species with restricted 
distributions. Barberry carpet moth is 
UKPS. 

Tree only 22 20.6 All 13 priority lichens (G), two beetles 
(F,B), Golden hoverfly (F,B), three 
restricted moths (F,B), two birds (B,S), 

With exception of four lichens, one 
beetle and the two birds (rook and 
tree pipit) all these have restricted 
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Noctule bat (F, (B)) distributions. Noctule bat is an EPS and 
UKPS. Orange-fruited elm-lichen, 
Southern grey physcia and Golden-hair 
lichen are UKPS. 

Base only 9 8.4 All 7 priority vascular plants (G), two 
fungi (G) 

All species with restricted 
distributions. Plymouth pear and 
Starved wood sedge are UKPS. 

Margin only 3 2.8 Scarlet malachite beetle (F,B), small 
skipper butterfly (F,B), Liquorice piercer 
moth (F,B) 

The butterfly is widely distributed, the 
others are restricted. 

Ditch only  0 0.0  Species using ditches are under-
represented in priority and farmland 
indicator species. 

Shrub and 
tree 

19 17.8 Both priority mosses (G), three beetles 
(F,B), three butterflies (including both 
hairstreaks) (F,B,C), two restricted 
moths (F,B,C), three birds (F,B,S), six 
bats (F,C, S (B)) 

Connectivity known to be important 
for Brown hairstreak and Pale shining 
brown moth as well as all six bats. Bats 
are EPS and UKPS. Round-leaved 
feather-moss is UKPS. The mosses, 
beetles, moths and four of the bats are 
restricted in distribution. 

Shrub and 
base 

2 1.9 Dunnock and Whitethroat (F,B,S) Both widespread species. 

Shrub and 
margin 

2 1.9 Brimstone (F,B) and Meadow Brown 
(F,B) butterflies  

Both widespread species. 

Shrub and 
ditch 

0 0.0  See comment for ditches above. 
 

Tree and base 1 0.9 Sandy stilt puffball fungus (G) Restricted species and UKPS. 

Tree and 
margin 

1 0.9 Kestrel (F, B, S) Widespread species. 

Tree and 
ditch 

0 0.0  See comment for ditches above. 

Base and 
margin 

6 5.6 Two butterflies (F,B), Common lizard 
(F,B,S,C), Grey partridge (F,B,S,C), 
Hedgehog (F,S,C), Harvest mouse (F,B,C) 

All widespread species. 

Base and 
ditch 

2 1.9 Great crested newt (F,S,C), Common 
toad (F,S) 

Great crested newt is an EPS and 
UKPS. All widespread species. 

Shrub, tree 
and base 

2 1.9 Speckled wood butterfly (F,B,S) and 
Dormouse (F,B,S,C) 

Dormouse is an EPS and UKPS. Both 
widespread species. 

Shrub, tree 
and margin 

8 7.5 Turtle dove (F,B,S), Cuckoo (F,B,S), Red-
backed shrike (F,B,S), Starling (F,B,S), 
four finches (F,B,S)  

All widespread species except Red-
backed shrike, which is UKPS. Turtle 
dove, Cuckoo and Red-backed shrike 
are summer migrants. Hedges 
important for both summer and winter 
food for the four finches. 

Shrub, tree 
and ditch 

1 0.9 Soprano pipistrelle (F, C) Connectivity known to be important 
for pipistrelles. Widespread species, 
both EPS and UKPS. 

Shrub, base 
and margin 

13 12.1 All five bumblebees (F, B,S,C), six 
butterflies (F,B,S), House sparrow (F,B,S) 
and Tree sparrow (F,B,S) 

Apart from Moss carder-bee Bombus 
muscorum, the bumblebees are 
species with restricted distributions. 
The butterflies and birds are all 
widespread. 

Base, margin 
and ditch 

3 2.8 Slow worm (F,B,S), Grass snake (F,S,C), 
Polecat (F,B,S,C) 

All widespread species. 

Shrub, tree, 6 5.6 Peacock (F,B,S) and Small tortoiseshell Serotine is an EPS and UKPS. Apart 
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base and 
margin 

(F,B,S) butterflies, Song thrush (F,B,S), 
Bullfinch (F,B,S), Cirl bunting (F,B,S), 
Serotine bat (F)  

from Cirl bunting, all widespread 
species. 

Shrub, tree, 
base, margin 
and ditch 

4 3.7 Marsh tit (F,S), Willow tit (F,S), Reed 
Bunting (F,B,S), Yellowhammer (F,B,S) 

All widespread species. 

Total species 107    

 
2.10. The great majority (81%) of species with a widespread distribution are dependent on more than 

one component. These include all farmland biodiversity quality indicators (comprising various 
butterflies, birds and bats). These largely comprise species that are representative of the 
agricultural landscape. In contrast, over half (57%) of species with a more restricted distribution 
are dependent on just one component on the basis of current knowledge. They are largely 
species that occupy highly defined and specialist niches. 

 
2.11. Where species are dependent on more than one combination of hedge components, the 

combinations that support most species are in descending order: 
 

 Shrub + Tree (19 species) 

 Shrub + Base + Margin (9) 

 Shrub + Tree + Margin (8)  

 Base + Margin (6) 

 Shrub + Tree + Base + Margin (6) 

 Shrub + Tree + Base + Margin + Ditch (4) 
 

2.12. Across species, the base has a greater range of functionality than other components, being used 
for feeding, breeding and shelter, while margins and ditches are used primarily only for feeding. 

 
2.13. The analysis also highlighted combinations of hedge components which, although of significant 

importance to the conservation of hedge-associated biodiversity, are poorly represented by 
priority and farmland indicator species that use hedges. Consequently, the final choice of subject 
matter for informative literature was adjusted to reflect these initial findings (e.g. the importance 
of biomass associated with field margins and ditches). 

 
2.14. In the course of this process it also became clear that past levels of investigation vary 

considerably. For example, interest in pollinators and the interactions between hedges and crops 
have been studied in greater detail than, say, the role hedges play in supporting saproxylic 
beetles or flies. Some additional information is available from autecological studies as part of 
initiatives such as English Nature’s Species Recovery programme and commissioned BAP studies. 
In addition popular guidebooks and related literature provide relevant sources on the 
requirements of individual species. 

 
2.15. The ways in which species use hedges have been broadly classified into growing substrate (for 

plants and fungi (including lichens)), feeding, breeding and shelter, as defined in Table 1. Figure 2 
quantifies and contrasts the ways species use different components. The high level of use of trees 
as a growing substrate reflects the high proportion of plants and fungi which are lichens growing 
on tree trunks, most other plants and fungi growing on soil or leaf litter at the base of the hedge, 
with just a few on the shrubs. It allows a direct comparison to be made between the ways 
invertebrates, birds and mammals (the three high level taxonomic groupings with most species) 
use the different components. 
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Figure 2. The number of priority and farmland indicator species (excluding widespread moths) using each 
component in each different way - as a growing substrate (G), for feeding (F), breeding (B) or shelter (S). 
See Table 1 for definitions. 
 

2.16. The results should be interpreted with caution because of a poor evidence-base for some 
components; especially for trees. For priority and farmland indicator species, however, some 
preliminary observations can be made: 

 
2.16.1. Species use the shrub layer and the margin more frequently for feeding than the other 

three structural components; although feeding remains the most important use made of the 

other three layers. (Figure 2) 

 

2.16.2. Invertebrates and mammals make greater use of the shrub layer for feeding than for 

breeding or shelter. Birds, on the other hand, collectively use the shrub layer more for shelter 

than for breeding or feeding. (Figure 3). 

 
2.16.3. Invertebrates make relatively little direct use of the tree layer for shelter, in contrast to 

birds which use hedgerow trees more for shelter than for any other purpose (Figure 3). It 

must be borne in mind, however, that hedge trees and shrubs can act as windbreaks and sun 

traps, which in turn influence local microclimates; a form of indirect relationship that is not 

readily incorporated into the analysis. Several studies have highlighted the importance of 

shelter effects on some invertebrates (Merckx & Berwaerts, 2010; Meckx et al., 2010). 

 

2.16.4. The hedge base (including any bank) is more evenly used for feeding, breeding and shelter 

than any other component. (Figure 2). 

 
2.16.5. The predominant use of the margin is for feeding, across all species and the three high level 

taxonomic groups. Margins are seldom used for shelter. (Figures 2 & 3). 
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2.16.6. Ditches are used by few species in comparison to other components. This analysis highlights 

that the ditch, like the margin, is rarely used for shelter. Also, mammals and birds use the 

ditch much more for feeding than many invertebrates. 

 

  
All species Invertebrates 

  
Birds Mammals 

Figure 3. The ways in which each hedge component is used, for priority and farmland indicator species 
excluding widespread moths, for all species, for invertebrates only, for birds only and for mammals only. 
Vertical axes show the percentage of all use scores for a component - thus all bars for each component 
add up to 100%. G – Growing substrate (plants and fungi), F – Feeding, B – Breeding, S – Shelter. 
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3. Developing the advice sheets - overview 
 
The selection process 

 
3.1. This study was intended to explore the degree to which individual components of hedges (trees, 

shrubs, hedge base, field margin and ditches) provided synergistic benefits to animals. It 
concentrated on priority and Farmland Indicator species. This assemblage comprises a suite of 
107 plants, fungi, invertebrates, birds, mammals, amphibians and reptiles (excluding widespread 
priority moth species). 
 

3.2. Our analysis quickly revealed that vertebrates made much greater use of a combination of hedge 
structural features (Figure 4). Invertebrates tend to use just one or two components, but often 
rely upon some features to provide shelter and the elevations of ambient temperature needed 
for insect activity. Vertebrates, on the other hand seem to demonstrate far more complexity in 
the ways they use hedges. 
 

 
 
Figure 4. Relative utilisation of hedge structural components by vertebrates and invertebrates. 
This demonstrates the greater reliance of vertebrates on a wider suite of features than required 
by invertebrates. 

 
3.3. Many invertebrates can be associated with hedges, but those specialist priority species listed by 

Wolton (2009a) as potential hedge-dwellers included some where the evidence is relatively 
weak. Examples include the click beetle Ampedus rufipennis and the pot beetles Cryptocephalus 
coryli and Cryptocephalus sexpunctatus. Others such as the five bumblebees Bombus humilis, B. 
muscorum, B. ruderarius, B. ruderatus and B. sylvarum are clearly highly localized and have very 
specialised requirements and likely to be critically dependent on landscape features other than 
hedges for survival. 
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3.4. The choice of species and assemblages represented in the advice sheets reflects this analysis. 
While priority and Farmland Indicator species were retained wherever possible as flagship 
species, the analysis of invertebrates focused on those species and assemblages within the 
Coleoptera and Diptera that could be more clearly linked to hedge management measures that 
would benefit biodiversity in general. This also took account of the ‘niche approach’ that is under 
development by Natural England. 

 
3.5. Detailed examination of many of the Lepidoptera, which make up a sizeable part of the animal 

taxa that are believed to be associated with hedges was not pursued. This is because many are 
either polyphagous but not reliant upon multiple hedge features or they are dependent upon 
particular hedge plants. For example, the barberry carpet moth Pareulype berberata which is 
effectively dependent upon wild barberry Berberis vulgaris but does occur on cultivated varieties 
(Waring 1991). In some cases, the species will benefit from the generic measures within 
Environmental Stewardship prescriptions (Merckx et al. 2010). In other cases it is likely that 
highly specific measures will be needed but these can only be defined after detailed autecological 
studies. 

 
3.6. A few invertebrates are clearly better represented within the wider countryside matrix of hedges 

than specifically in discrete ‘sites’. Such species are exemplified by the brown hairstreak butterfly 
that is clearly a hedge species. A similar situation obtains for the related white-letter hairstreak 
butterfly; however, these species, like so many other invertebrates are probably better described 
as woodland edge species that benefit from the open situations provided by hedges. These 
butterflies were selected as flagship species because they are illustrative of a suite of insects that 
depend upon particular hedge components that can be influenced by positive management 
(Merckx & Berwaerts 2010). 

 
3.7. The findings of Wermelinger et al. (2007) reinforce this message; reporting that just 16% of their 

sample of saproxylic beetles recorded from woodlands comprised species that were strictly found 
within forests; the remaining 84% were considered to be forest edge species. They emphasise the 
importance of forest boundary structures, which can in some ways be regarded as a parallel to 
hedges.  

 
3.8. There are also examples of studies that have demonstrated the potential importance of older 

hedge networks for assemblages of saproxylic species otherwise regarded as old woodland 
species that utilise the many stages of decomposition in trees and shrubs (including species that 
bore within living tissue) (Clements & Alexander 2009). Quite how these equate to our 
knowledge of ancient woodland indicators of plant populations is unclear. Marsland (1989) 
demonstrated that the plant assemblage may be used as an indicator of habitat continuity, but 
the literature seems to lack distinct information on this aspect of invertebrate ecology. 

 
3.9. The list of saproxylic species (Annex A) is based on best available evidence of the time and 

provides the foundations for analysis. Both Callicera spinolae and Ampedus rufipennis are 
extremely rare and are therefore very unlikely to be represented in many locations. We have 
therefore treated them as useful figureheads for assemblages that inhabit decaying heartwood 
and wet rot holes respectively. The stag beetle is the most likely species to be encountered by 
casual observers because it is the most widespread of the priority species and is large for an 
invertebrate; consequently, this is the only example of the assemblage that is directly referred to 
in the advisory leaflets.  

 
3.10. Both the butterflies and the saproxylic species were identified as suitable flagships for specific 

management measures and were therefore included in the suite of species chosen as exemplars 
of particular management regimes. This list was augmented by the addition of a broad 
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assemblage on bumblebees, headed by the priority species but largely focussing on commoner 
species for which information is available. 

 
3.11. Evidence of linkages between hedge components is much clearer amongst vertebrates, and 

especially for birds. Individually, each bird species exhibits a range of needs, many of which 
overlap. Initially, the analysis focussed upon the finches and yellowhammer which exhibit a wide 
range of requirements for different structural elements within hedges: tree and shrub 
components for nesting and shelter and some food items; and field margins as a source of other 
food items (e.g. Perkins et al. 2002; Vickery et al. 2009). Linkages between components become 
more complex because many breeding birds such as the buntings and finches depend upon 
invertebrates to feed chicks and their abundance can be a limiting factor in breeding success 
(Douglas et al. 2011). Whittingham et al. (2001) report that chaffinches show a definite 
preference for foraging for insects in trees. Successful nests tended to be closer to oak or willow 
trees; thus illustrating the combined benefits of shrub and tree components for some breeding 
birds. 

 
3.12. No evidence was identified that suggested that birds were particularly discriminating in favour of 

specialised insects. The greatest emphasis appears to lie in overall biomass and in particular food 
accessibility (Douglas et al. 2009) and structural attributes such as height and species 
composition (Green et al. 1994). Conversely, there is evidence that the overall dimensions and 
structure of hedges can be extremely important for breeding birds. Arnold (1983) showed how a 
combination of hedge features served to increase bird diversity throughout the year and 
illustrated how the presence of a ditch could significantly enhance the number of species.  

 
3.13. In addition, hedge length and density can beimportant factors in landscapes that have limited 

semi-natural habitat (Batáry et al. 2010; Rands 1986); their findings indicate that species-richness 
level off within landscapes that are highly heterogeneous and were less dependent upon a single 
habitat feature. Fuller et al. (2001) also showed how the position of hedges within the landscape 
could be important, and that roadside hedges were less favourable than those hedges not 
abutting a road. Each of these accounts reinforce the prediction by Wilson et al. (1999) that 
hedges would become an increasingly important sources of seed and invertebrate food for birds 
as arable landscapes become increasingly intensive. 

 
3.14. The role of particular structural components within hedges is also reinforced by the role they 

provide in offering cover and shelter both within the trees and shrubs. Hinsley & Bellamy (2000) 
draw attention to these parameters by raising the profile of well-grown, dead or decaying trees 
which provide nest holes, foraging sites and perches. They also argue that increasing the 
structural complexity of a hedge may also reduce the incidence of predation; providing safe cover 
for both local and larger-scale movements.  

 
3.15. This combination of factors meant that a single advice sheet was provided for hedge birds that 

combines the evidence from these many sources. In addition, it was decided to produce an 
advice sheet for hedge ditches because these are clearly the source of considerable biomass, and 
can provide late summer flowers that can be important for a range of invertebrates such as 
bumblebees. 

 
3.16. The role that hedges play in providing landscape connectivity is exemplified by a variety of bat 

species and numerous studies have highlighted their importance in this respect. Robinson & 
Stebbings (1997) and Verboom & Huitema (1997) report the use of hedgerows by serotine bats. 
Brandt et al. (2007) and Boughey et al. (2011) show how tree density within hedges can influence 
the incidence of activity by pipistrelle bats, but not serotine or noctule bats. Use of hedges by 
brown long-eared bats is reported by Entwistle et al. (1996), whilst Goiti et al. (2003) report 
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similar preferences in the Mediterranean horseshoe bat and make the important suggestion that 
tree species presence and composition may have a bearing on prey availability. This observation 
is relevant in the context of work by Merckx et al. (2009; 2010) who reported greater moth 
diversity in hedges that contained trees; and Peng et al. (1992) who suggest that hedgerow trees 
play an important role in the lives of flying insects.  

 
3.17. So far, the analysis has largely focussed on species with highly mobile flying adult stages. 

However, hedges are well-known for their importance to ground and arboreal-dwelling 
mammals, and less obviously for some reptiles and amphibians. Several options for flagship 
species are possible, but clearly the dormouse is one of the most charismatic and relevant in 
parts of the country where hedges remain well-developed and an important component of 
landscape structure. Their numbers have declined dramatically in hedgerows (Bright & 
MacPherson 2002). This is a species that clearly illustrates the importance of maintaining and 
restoring hedges to minimise the frequency of breaks in continuous cover (Bright 1998) and to 
maximise the structural variation in the shrub and associated climbing plant components such as 
brambles, wild rose and honeysuckle. 

 
3.18. The dormouse is also a useful flagship species because it clearly illustrates the ways in which 

animals may respond to differing cutting regimes and the role hedge management can play in 
maintaining or restricting populations. In this respect, age structure within hedges coupled with 
the presence of preferred nesting sites is important (Wolton 2009b).  

 
3.19. Bearing in mind that most of the assemblage described so far depends to a substantial extent 

upon the elevated sections of hedges, selection of species for advisory sheets needs to consider 
ground-dwellers too. In this respect, the hedgehog is a logical option because it is undergoing a 
very dramatic decline despite its catholic choice of habitats and range of prey items. It appears to 
be a species that will benefit greatly from fairly simple remedies through agri-environment 
schemes (Hof & Bright 2010). 

 
3.20. Consideration was given to the great crested newt as a possible flagship species for this study, 

but was set aside when it was realised that hedges may actually act as barriers to dispersal of 
newts (Joly et al. 2001). The grass snake is a species that readily frequents the agricultural 
landscape and prefers edge habitats (Wisler et al. 2008); however, its hibernation sites tend to be 
in woodlands (Reading & Jofré 2009). The grass snake was chosen as a priority species because it 
served as a good indicator for a broader suite of amphibians and reptiles (see spreadsheet at 
Annex A) and as such is the logical representative for these animals.  

 

Demonstrating linkages and connectivity 
 

3.21. As discussed above, there is evidence that hedges play a strong role in bat navigation and habitat 
utilisation. Data for other taxa are less equivocal. There is limited evidence to suggest that hedges 
facilitate movement by some birds and there are indications that predation of nests in hedges 
with clear connectivity is lower than in isolated sections of hedge (Ludwig et al. 2012). The 
converse has also been shown for the predation of linnets by weasels and corvids when 
hedgerow networks were broken up by land consolidation programme in Brittany, France (Eybert 
et al., 1995) when connectivity was reduced predators were less successful in predating nests. 
The role of linear features (both natural and artificial) is also demonstrated to influence the 
foraging patterns of some bumblebees (Cranmer et al. 2012). 
 

3.22. The majority of attention seems to have focussed on the role that hedges play in providing 
connectivity for woodland ground beetles (Carabidae) in the wider landscape. In this respect, it 
would appear that there are robust data that show that hedges can be and are used as corridors 
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for these animals, but at very slow dispersal rates (Aviron et al. 2005; Burel 1989; Charrier et al. 
1997). Dover (1990) tracked butterflies around fields in an arable landscape in Hampshire and 
showed they tended to fly along hedges and wood-edges rather than enter cropped and 
unsheltered parts of fields, and Dover & Fry (2001) demonstrated that visual and physical 
elements of hedges could initiate corridor movements in a manipulative study in Norway. Even 
so, the situation does not appear to have changed much since Maudsley (2000) who argued that 
there remained a clear need for more research on the responses of invertebrates to hedgerow 
cutting and the quality of vegetation within hedge bottoms (and associated field edge habitats). 

 
3.23. The peer-reviewed literature contains relatively few studies that in any way attempt to provide 

an understanding of the relationship between the various components of the hedge; and the 
judgements that can be made are primarily the result of inferences mad from our understanding 
of the biology of individual species, and from broader observations of responses to stimuli. Thus, 
for example, very little can be said about the roles hedges play in the dispersal of butterflies such 
as the brown hairstreak; or in the movement of saproxylic longhorn beetles. 

 
3.24. It has been shown that hedges can act as barriers to some insects [see the section on barriers in 

Dover & Settele (2009) and also Wratten et al. (2003)], but whether this should be interpreted as 
a drawback is open to debate. If, as might be inferred from anecdotal observations of insect 
behaviour, hedges simply represent a boundary along which insects (and perhaps other animals) 
naturally disperse, hedges can be regarded contextually as an aid to dispersal. Alternatively, if 
insect dispersal occurs as a broader pattern of serendipitous movement, hedges may actually act 
as a barrier. It is the authors’ judgement (based on many years observations of insect movement 
along edges) that insect behaviour along hedges is similar to responses on a natural woodland 
boundary. Empirical evidence is lacking, however. 

 

Choice of subjects for advice sheets 
 

3.25. Our initial proposal involved the production of eight advice sheets for priority and Farmland 
Indicator species. The project has delivered this objective and has provided two additional advice 
sheets (a general sheet and one concerning ditch management), but has found it necessary to 
adopt a less rigid approach to its outputs. As indicated previously, the suite of species 
represented in Wolton (2009a) is only partially representative of the biodiversity of hedges, and 
there are certain assemblages where it is important to recognise the importance of the guild 
rather than of individual species. This is consistent with the approach adopted in the choice of 
some priority species, especially amongst invertebrates, where information on rates of declines 
was less readily available in the 1990s and consequently a suite of rarer species was chosen to 
reflect critical habitats and niches (Alan Stubbs pers. comm.). 
 

3.26. Two important assemblages are particularly affected by this approach: those of pollinators that 
play an important role in maintaining the structure and function of the natural world; and 
saprophages that are responsible for recycling nutrients. Thus, we have focussed our attention on 
bumblebees as a proxy for a wider suite of pollinators; we have also focussed on a broad suite of 
saprophages by drawing attention to the dead wood invertebrate fauna. 
 

3.27. In addition, our analysis showed that whilst no priority or Farmland Indicator species were 
specifically linked to hedge ditches, the presence of such ditches has been shown to be influential 
in the richness of hedge bird faunas. In this case we have put greatest emphasis on the 
management of the ditch as a habitat, and have taken the view that appropriate ditch 
management will have broader benefits both in relation to the range of species that will benefit 
and in terms of contributions to overall biomass that supports higher taxa such as mammals and 
birds. 
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3.28. A final suite of ten advice sheets was developed, drawing from the analytical processes described 

above and in following chapters; these comprised: 
 

 Bats 

 Bumblebees 

 Dead wood insects 

 Ditch invertebrates 

 Dormouse 

 Farmland birds 

 Grass snake 

 Hairstreak butterflies  

 Hedgehog 

 Summary leaflet 
 

Consultation 
 

3.29. Leading specialists in each discipline were invited to comment on the information sheets. 
Unfortunately, timing meant that a relatively short consultation period was possible, and this 
may have reduced the numbers of responses from consultees. 
 

3.30. We are extremely grateful to the following for their comments, which we realise were provided 
at short-notice. Wherever possible we have incorporated comments or adjusted text to reflect 
the advice provided, within the practicalities of creating comparatively short advice sheets. 

 
Mike Williams Butterfly Conservation Hairstreak Butterflies 

Dr Thomas Merckx Centre for Ecology & Hydrology Hairstreak Butterflies 

Dr Claire Carvell Centre for Ecology & Hydrology Bumblebees 

Dr Dave Goulson University of Stirling Bumblebees 

Dr Keith Alexander Independent consultant Saproxylic invertebrates 

Dr David Clements David Clements Ecology Ltd Saproxylic invertebrates 

Jon Stokes The Tree Council Saproxylic invertebrates 

Dr Martin Drake Independent consultant Ditches 

Jon Webb Natural England Ditches 

Rob Cathcart Natural England Ditches 

Stephen Falk Buglife  

Emily Ledder Natural England All sheets 

Nigel Adams National Hedge Laying Society General leaflet 

Malcolm Baldwin Devon Hedge Group General leaflet 

Rob Dixon Natural England General leaflet 

Helene Jessop RSPB General leaflet 

Caryn Le Roux Welsh Assembly General leaflet 

Lex Roeleveld Stichting Heg & Landschap General leaflet 

Martyn Shire Shire Conservation General leaflet 

Joy Williams Somerset County Council General leaflet 

David Buckingham RSPB Farmland birds 

Phil Grice Natural England Farmland birds 

Cath Jeffs RSPB Farmland birds 

Kevin Rylands RSPB Farmland birds 

Richard Winspear RSPB Farmland birds 

Paul Chanin  Dormouse 

Katherine Walsh Natural England Dormouse 

Ian White People’s Trust for Endangered 
Species 

Dormouse 

Dr Tony Gent Amphibian and Reptile 
Conservation Trust 

Grass snake 

Paul Edgar Natural England 

Dr John Baker National Amphibian & Reptile 
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Recording Scheme NAARS UK 

Dr Chris Gleed-
Owen 

NAARS UK and CGO Ecology 

Liat Wickes Bat Conservation Trust Bats 

James Aegerter FERA 

Katherine Walsh Natural England 
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4. Underpinning evidence 
 

Amphibians and reptiles 
 

4.1. There is remarkably little in the literature to suggest that hedge connectivity play a major role in 
the lives of amphibians and reptiles, although five species (great crested newt, common lizard, 
common toad, grass snake and slow worm) of priority species are known to utilise hedges to 
some degree (Annex A spreadsheet). Studies of the great crested newt suggest that hedges may 
actually act as a barrier to dispersal (Joly et al. 2001), but this apart there seems that little effort 
has focussed on these animals in a wider landscape context. 
 

4.2. Studies of grass snake point to this being a species that favours the ecotone between contrasting 
scrubby and grassy habitats that most frequently occurs at the edge of woodlands and along 
hedges (Wisler et al. 2008). Key attributes include the provision of basking sites and cover during 
summer months, and banks in which to hibernate (Reading & Jofré 2009). All other information 
used here derives from widely available literature and websites. 

 

Bats 
 

4.3. Seven species of bat listed as priority species have an association with hedges (Annex A 
spreadsheet). These are: the barbastelle, Barbastella barbastellus, Bechstein’s bat Myotis 
bechsteinii, brown long-eared bat Plecotus auritus, noctule Nyctalus noctula, greater horseshoe 
bat Rhinolophus ferrumequinum, lesser horseshoe bat Rhinolophus hipposideros and soprano 
pipistrelle Pipistrellus pygmaeus. 

 
4.4. Most of the evidence highlights the role of hedges as linear flyways and their use by bats as 

corridors from roosts to feeding areas (Boughey et al. 2011; Entwistle et al. 1996; Murphy et al. 
2012; Robinson & Stebbings 1997; Verboom & Huitema 1997). There are, however, occasional 
conflicting reports that suggest that bats do not favour hedges as commuting routes (Downs & 
Racey 2006). 

 
4.5. Various studies have also drawn attention to the importance of hedge height as a factor in 

determining utilisation by some bat species, with the presence of hedgerow trees and taller 
shrubs increasing utilisation by feeding bats (Brandt et al. 2007). One study of a non-British 
species from southern Europe also points to species composition of hedges being important 
(Goiti et al. 2003). 

 
4.6. Smith & Racey (2005) draw attention to the importance of old trees as day roosts and as night 

perches. This point is reinforced by Vincent et al. (2011) who argue the need to plan for a 
network of roosts to support Schreiber’s bat Miniopterus schreibersii in France. These points 
highlight a further linkage in which it is clear that hedges that contain veteran trees will confer a 
much wider range of wildlife benefits, and that measures to maintain and enhance this habitat 
are needed to maintain long-term habitat continuity. 

 
4.7. The evidence largely points to hedges serving an important commuting function for bats but also 

shows that some hedges provide suitable structural components to facilitate feeding. In this 
context, the role of the hedge as a provider of insect biomass, especially flies, moths and some 
beetles is potentially important. These insects will have originated from all of the hedge 
components and as such provide evidence of broad-scale synergy that is favourable to 
maintaining bat populations. At the moment there appears to be conflicting evidence of the likely 
benefits accrued from agri-environment schemes for foraging bats, with one study (Fuentes-
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Montemayor et al. 2011) reporting substantially lower numbers of bats utilizing hedges on farms 
with such a scheme. 

 

Birds 
 

4.8. Twenty species of priority/Farmland Indicator birds are highlighted in the spreadsheet at Annex A 
as hedge species. They include several thrushes, finches and buntings. Each occupies a slightly 
different niche and there are numerous overlaps. It therefore seems appropriate to highlight the 
critical attributes of hedges for the total assemblage.  
 

4.9. Most of the information on linkages between the five different hedge components (trees, shrubs, 
hedge base, field margin and ditch) derives from well-established information on nesting and 
feeding preferences.  
 

4.10. Structural complexity in hedges and the wider landscape matrix have been demonstrated to be of 
importance to many hedge birds. This includes shrub height (Arnold 1983; Green et al. 1994; 
Hinsley & Bellamy 2000) and width, the presence of particular tree, shrub or plant species (Green 
et al. 1994; Whittingham et al. 2001). Hedge length and connectivity are also clearly recognised 
as factors that influence certain aspects of bird abundance and population densities (Batáry et al. 
2010). For further information and refs see Environmental Stewardship report at Annex C. 

 
4.11. There is also developing evidence that some environmental stewardship measures are having a 

positive impact on hedge bird populations, as illustrated by the findings of Davey et al. (2010a) 
and Davies & Pullin (2007). However, it also appears as though there is a need to develop region-
specific measurers as there is evidence of regional variation in bird responses to agri-
environment schemes (Davey et al. 2010b). The precise nature of positive effects of ELS options 
may, however, take time to become apparent (Davies & Pullin 2007). 

 

Bumblebees 
 

4.12. Five species of bumblebee are listed at priority species. They are: Bombus humilis, B. muscorum, 
B. ruderarius, B. ruderatus and B. sylvarum. A common feature of these bees is their preference 
for flowers with deep corolla, and in particular the Fabiaceae and Lamiaceae3. It is noteworthy 
that they have all undergone dramatic declines, attributed by Goulson et al. (2005) to the loss of 
Fabiaceae-rich swards, but also that each has a very different distribution. Management 
prescriptions clearly involve the need for suitable habitat and in particular for the presence of 
flowers with a deep corolla, but there are likely to be additional influences at work. 

 
4.13. These bumblebees are generally less likely to occur in hedges if their preferred nectar and pollen 

sources are absent, but they are important flagships for a broader spectrum of ‘pollinators’ 
including the commoner bumblebees. Studies into the role of hedges as habitat for bumblebees 
do not specifically discriminate for the priority species and consequently information is 
generalised. The advice sheet has therefore been compiled generically to benefit bumblebees 
and other pollinators. Information on connectivity partly derives from available information of 
species biology available from Cranmer et al. (2012) the BWARS website4, and partially from 
observations of one of the authors (RKAM). 

 

                                                           
3
 Details of flower-visit preferences can be found on the BWARS website 

http://www.bwars.com/index.php?q=species_list&page=1 
4
 http://www.bwars.com/index.php?q=species_gallery/Bombus 
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4.14. Research into the benefits of agri-environment schemes (Pywell et al. 2006) has shown that 
measures to increase landscape heterogeneity are beneficial to bumblebees and that suitable 
foraging habitat can be provided by low-cost sowing of legumes such as red clover Trifolium 
pratense (Pywell et al. 2005). It has also been shown that the range and distribution of some 
specialist bumblebees such as Bombus muscorum are far more restricted than those of the still 
common B. terrestris and B. lapidarius (Walther-Hellwig & Frankl 2000). 

 
4.15. Research points to the importance of linear habitats for bumblebees (Osbourne et al. 2008) and 

to their preference for field margins over hedge bases as nesting sites (Lye et al. 2009). The 
findings of Lyle et al. are interesting and counter-intuitive because in our experience (RJW), 
spring nests are all in hedge banks (at least in Devon). The importance of connectivity within and 
between hedges is highlighted by Cranmer et al. (2012) who demonstrate that both hedges and 
artificial linear features will influence bumblebee flight direction. 

 
4.16. Field observations (pers. obs. RKAM) of bumblebee activity indicate that whilst field margin 

flowers are of primary importance to bumblebee foraging, they will and do utilise the flowers of a 
variety of hedgerow shrubs and climbers, and occasionally make use of flowering trees such as 
sycamore (on one occasion in Scotland in late evening on June 2008 a large sycamore literally 
hummed with activity by bumblebees). It should also be noted that whilst bumblebees do visit ivy 
flowers, they are unlikely to be heavily dependent on them as colonies will be in decline by this 
time. However, ivy is an exceptionally important pollen source for many invertebrates such as 
social wasps and hoverflies at the latter end of the year and as such measures to conserve it need 
to be highlighted to benefit a wider range of pollinators. 

 

Butterflies 
 

4.17. Two species of butterfly which use hedges are listed in as priority species (Wolton 2009a): the 
brown hairstreak, and white-letter hairstreak. Two other hairstreaks may also occur in hedges: 
the black hairstreak, which is listed (with the brown hairstreak) on Schedule 5 of the Wildlife and 
Countryside Act (as amended); and the purple hairstreak, which is a relatively common woodland 
species. Specific interest has been taken in the brown hairstreak because it is one of the few 
butterflies that is largely reliant upon hedges. 
 

4.18. One study (Merckx & Berwaerts 2010) provides much of the important information on the 
requirements of the brown hairstreak butterfly. However, it needs to be noted that this study 
reinforces and formalises the field knowledge possessed by many generations of lepidopterists 
who have sought out hairstreaks by searching for their eggs. This study emphasises the 
importance of young growth and warm sheltered situations that can be enhanced by scalloping 
hedge edges. Other information derives largely from existing popular literature and the very 
comprehensive information provided by Butterfly Conservation5. 

 
4.19. Some hairstreak butterflies serve as excellent models for a range of other invertebrates because 

they have been sufficiently well studied that their needs are relatively well understood. One 
aspect of their ecology that stands apart is the tendency of adults to gather around a ‘master 
tree’ (Thomas & Lewington 2010) where assembly of the sexes can take place. A particularly well-
established feature of the brown hairstreak is its use of ash as a ‘master tree’; however, much of 
the information appears to be carried in various electronic media rather than the result of an 
academic study. 

 

Dormouse 

                                                           
5
 http://www.ukbutterflies.co.uk/species_family.php?name=Lycaenidae 
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4.20. The ecology of dormice in woodlands has been extensively studied and is well-understood. Its 

situation in the wider countryside is less well documented. The decline of dormice within 
hedgerows is well established as a result of two surveys 25 years apart, which showed a 70% 
decline of dormouse occupancy in hedges (Bright & & MacPherson 2002). This study showed that 
extinction was strongly correlated with reductions in hedge width and high intensity of 
management.  
 

4.21. Wolton (2009b) reinforces these findings in his analysis of favoured nesting sites. In hedges that 
are cut infrequently they will build nests in prickly vegetation such as bramble, field rose and 
holly whereas in regularly cut hedges the dense protective growth amongst blackthorn at the cut 
line is strongly favoured. 

 
4.22. Bright & MacPherson (2002) show that dormouse ranges in hedges are longer than those in 

woodlands, but are much smaller in overall area, thus indicating that the productivity of hedges 
has to be considerably better than comparable areas of woodland if dormice are to survive; 
requiring greater diversity that often benefits from edge effects. The need for connectivity 
between hedges and the need to minimise breaks (gappiness) in hedges is also emphasised 
(Bright 1998).  

 

Hedgehog 
 

4.23. The hedgehog is a well-known animal that features widely in popular literature. Popular interest 
the hedgehog is exemplified by the existence of a national society, the British Hedgehog Society, 
whose website provides a great deal of useful information.  
 

4.24. Relatively little appears to have been recently published in the peer-reviewed literature apart 
from Hoff & Bright (2010) who investigated hedgehog ecology in Norfolk. This paper is 
underpinned by evidence provided in Hoff (2009), based on field research and information 
provided by the public. This evidence points to a decline in hedgehog numbers in pasture 
landscapes as a consequence of badger predation but loss of hedges and related habitat in arable 
areas is also believed to be influential. Declines have been particularly significant in south-east 
England and especially urban London where loss of connectivity is possibly an important factor. 

 
4.25. Hoff & Bright detected considerable dispersal and relatively high levels of mortality in the 

hedgehog populations they studied. This included released hedgehogs as well as the wild 
population. Predation was a particularly significant influence. Their study emphasised the 
importance of hedges and field margins to hedgehogs, especially within the vicinity of villages. It 
was also reported that setaside land was not attractive to hedgehogs, possibly as a consequence 
of inadequate food availability. 

 
4.26. Evidence points to this being a woodland edge species and consequently measures that promote 

thick, well-structured hedges, with a wide field margin, offer potentially beneficial management 
for hedgehog. 

 

Saproxylic invertebrates 
 

4.27. Two beetles (stag beetle; and the click beetle Ampedus rufipennis) and one hoverfly (Callicera 
spinolae) are listed by Wolton (2009a) as priority species. None of these animals can really be 
regarded specifically as hedge species but they do serve as a reminder that hedges can contain 
significant volumes of decaying wood both above and below ground, and that some traditional 
management such as pollarding was important in the former agricultural landscape. 
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4.28. Studies of saproxylic invertebrate abundance in the wider countryside are quite limited but work 

on the Somerset Levels by Clements and Alexander (2009) have shown that in some ancient 
landscapes there can be a rich saproxylic fauna. Other information can be derived from related 
studies such as Alexander (2004) who draws attention to the dispersed nature of veteran trees in 
the landscape and the limitations such dispersal places on maintenance of populations of scarce 
and threatened species. 

 
4.29. Dispersal mechanisms for saproxylic invertebrates are relatively poorly known, with studies of 

stag beetle forming a useful but not necessarily representative model. Dispersal by stag beetles 
has been shown to be extremely limited (Hawes 2008). Females appear to fly much shorter 
distances than males (Rink & Sinsch 2007) and separation of colonies by more than 3 km is 
predicted to lead to extinctions. It is also clear that stag beetles will respond to chemical cues 
such as the odour of decaying sap (Fremlin & Hendriks 2011) and there is anecdotal evidence of 
other saproxylic species responding similarly with the hoverfly Caliprobola spinolae reportedly 
being attracted to recently-exposed rotting beech heartwood (reported by various coleopterists 
to RKAM). 

 
4.30. Trapping studies have revealed that many saproxylic species are most likely to be found in more 

open situations (Wermelinger et al. 2007). These findings should be interpreted carefully because 
there can be a significant difference between adult behavior and larval niches, which are 
predominantly in decaying wood (i.e. a woodland attribute). The strong correlation reported for 
more open habitats clearly suggests that edge effects are important and regular records from 
flowering plants such as bramble and hogweed (RKAM pers. obs.) show that nectar sources are 
important to many of these animals. Thus, hedges ‘acting’ as woodland edges may play a 
significant role in dispersal of more mobile species, but as yet there are no empirical data to 
support this hypothesis. 
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5. Modelling 
 
5.1. Species and assemblages identified as possible models for use in advisory leaflets were analysed 

to determine the role different parts of hedges played throughout the year. From this analysis, a 
series of simple models was developed as a means of generating ideas about possible linkages 
between hedge features. The models are indicative rather than comprehensive because their 
function was simply to generate discussion about possible complementarities between hedge 
components (tree, shrubs, hedge base, field margin and ditches).  

 
5.2. In order to gain an overview of the ways in which hedge features are actually used by individual 

species analysis focuses on the following: 
 

5.2.1. Temporal utilisation of hedges by target species; 

5.2.2. Spatial utilisation of food sources by target species; 

5.2.3. Relationship between food source and hedge structure; and 

5.2.4. Usage of hedge components by breeding target species. 

 
5.3. Target groups were chosen to represent the role a hedge plays in part or all of their life-cycle. In 

some cases, the target species complete their life cycle without recourse to resources or 
attributes beyond the hedge. In others, the components of the hedge will make a contribution for 
part of the year and represent part of a wider countryside matrix. Two tabulations were 
constructed: one covering usage of the tree and shrubby structures; the other concentrating on 
ground layers (Tables 5 & 6). 

 
Table 5. Seasonal utilisation of trees and shrubs (Note, this is indicative and must not be regarded as completely 

comprehensive). 
Courtship  Breeding site Food source Hibernation Shelter 

Winter (December to March) 
Tops Sides 

(shrubby 
part) 

Hedge base 
including 
decay holes 
in tree 
bases and 
roots 

Buds 
(Foliage) 

Flowers Fruits Herbivorous 
Invertebrates 

Timber & 
twigs 

Features (rot 
& flaking 
bark, wood-
pecker holes, 
& decay) 

 Hairstreaks 
(eggs) 

Dormouse Bullfinch  Bullfinch  Cerambycidae 
(larvae) 

Herptiles 

  Bumblebees   Thrushes  Buprestidae 
(larvae) 

Bats 

       Scolytidae etc. 
(larvae) 

Bats 

        Stag Beetle 
(larvae) 

        Ampedus 
(larvae) 

        Callicera 
spinolae 
(larvae) 

Spring (March to May) 
Tops Sides 

(shrubby 
part) 

 Foliage (& 
buds) 

Flowers Fruits Herbivorous 
Invertebrates 

Timber & 
twigs 

Features (rot 
holes & 
decay) 

Finches Hairstreaks 
(larvae) 

 Bullfinch Bumblebees  Yellowhammer Cerambycidae 
(larvae) 

Stag Beetle 
(larvae) 

Bats Yellowham
mer 

  Dormouse  Finches Buprestidae 
(larvae) 

Ampedus 
(larvae) 

Bats Finches      Scolytidae etc. 
(larvae) 

Callicera 
spinolae 
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(larvae) 

 Dormouse        

 Bats        

Summer (June to September) 
Tops Sides 

(shrubby 
part) 

 Foliage  Flowers Fruits Herbivorous 
Invertebrates 

Timber & 
twigs 

Features (rot 
& 
woodpecker 
holes, flaking 
bark & 
decay) 

Hairstreaks 
(Adults) 

Hairstreaks 
(eggs) 

 Invertebrate 
biomass 

Bumblebees  Yellowhammer Cerambycidae 
(larvae) 

Stag Beetle 
(larvae) 

Bats Bats   Ampedus  Finches Buprestidae 
(larvae) 

Ampedus 
(larvae) 

 Dormouse   Cerambycidae  Bats Scolytidae etc. 
(larvae) 

Callicera 
Spinolae 
(larvae) 

    Dormouse    Bats? 

        Bats 

Autumn (September to November) 
Tops Sides 

(shrubby 
part) 

 Foliage 
(buds) 

Flowers Fruits Herbivorous 
Invertebrates 

Timber & 
twigs 

Features (rot 
& 
woodpecker 
holes, flaking 
bark & 
decay) 

 Dormouse   Callicera 
spinolae 

Bullfinch  Cerambycidae 
(larvae) 

Stag Beetle 
(larvae) 

     Thrushes  Buprestidae 
(larvae) 

Ampedus 
(larvae) 

       Scolytidae etc. 
(larvae) 

Callicera 
spinolae 
(larvae) 

        Dormouse 

 

Table 6. Seasonal utilisation of hedge base, field margin and ditch (Note, this is indicative and must not be 

regarded as completely comprehensive). 
Courtship Breeding site Food source Hibernation Shelter 

Winter (December to March) 
Hedge base Hedge 

bank 
Herb layer (margin) Ditches 

Ground Flowers Seeds Inverts. Banks Water 
column 

Vegetation Mud 

Common 
Lizard 

Common 
Lizard 

Dormouse  Finches Thrushes Dormouse Insect 
(larvae) 

Insect 
(larvae) 

Insect 
(larvae) 

Slow worm Slow worm   Yellow 
hammer 

     

Hedgehog          

Spring (March to May) 
Hedge base Hedge 

bank 
Herb layer (margin) Ditches 

Ground Flowers Seeds Inverts. Banks Water 
column 

Vegetation Mud 

Bumblebees Hedgehog Hedgehog Coleoptera Finches 
 

Finches 
 

Yellow 
hammer 

Insect 
(larvae) 

Insect 
(larvae) 

Insect 
(larvae) 

Common 
Lizard 

Common 
Lizard 

Common 
Lizard 

Diptera Yellow 
hammer 

Yellow 
hammer 

Hedgehog GCN GCN  

Slow worm Slow worm Slow worm Bumblebees  Thrushes Common 
Lizard 

Com. Toad Common 
Toad 

 

Hedgehog      Slow worm    

Summer (June to September) 
Hedge base Hedge 

bank 
Herb layer (margin) Ditches 

Ground Flowers Seeds Inverts. Banks Water 
column 

Vegetation Mud 

Bumblebees Common 
Lizard 

Hedgehog Hairstreaks Finches 
 

Finches 
 

Hedgehog Insect 
(larvae) 

Insect (larvae) Insect 
(larvae) 
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Common 
Lizard 

Slow worm  Coleoptera Yellow 
hammer 

Yellow 
hammer 

 GCN GCN  

Slow worm Hedgehog  Diptera  Thrushes  Common 
Toad 

Common Toad  

Hedgehog   Bumblebees       

Autumn (September to November) 
Hedge base Hedge 

bank 
Herb layer (margin) Ditches 

Ground Flowers Seeds Inverts. Banks Water 
column 

Vegetation Mud 

Bumblebees    Finches 
 

Thrushes  Insect 
(larvae) 

Insect (larvae) Insect 
(larvae) 

Common 
Lizard 

   Yellow 
hammer 

     

Hedgehog          

GCN          

Common 
Toad 

         

 

Habitat attributes and utilisation 
 

5.4. Hedges are essentially woodland or scrub-grassland edge habitat. The attributes that make them 
important for priority species are equally valid for a much wider range of animals that inhabit 
woodlands, scrub and grasslands. As such, it is possible to evaluate hedges in the context of 
woodland, scrub and grassland management. 

 
5.5. The relative contributions made by different hedge structural attributes may or may not represent 

critical features for maintaining populations but it is important to consider the degree to which a 
hedge maintains coherence as a functional unit throughout the breeding cycle. Thus, although 
certain components such as ditches may not be a pre-requisite to maintaining a population of a 
particular species, hedges accompanied by such attributes may retain greater resilience under 
periods of stress such as drought or extreme cold; or at times of year when particular food sources 
are scarce (e.g. flowering plants in ditches in late summer). 

 
5.6. This leads to a further stage involving identification of micro-habitat features that are of 

importance and the management mechanisms required to deliver them. A simplified analysis is 
provided in Table 7. 

 
Table 7. Important micro-habitat features within hedges. 
Hedge 
feature 

Role Key attribute 1 Key attribute 2 Key attribute 3 Management prescription 

Trees Staging post Elevation Surrounded by 
suitable habitat 

 Allow new trees to develop. 

Courtship tree Tree species Suitable 
blackthorn 
nearby 

Suitable 
suckering elm. 

Ash/or elm depending on species of 
hairstreak. 

Roosting sites Tree species Tree age Tree damage Oak & beech: leave trees to age! ; 
planning replacements. 

Rot holes Tree age Tree damage  Pollarding; planning replacements. 

Trunk decay Tree age Tree damage  Leave trees to age! ; planning 
replacements. 

Dry dead wood Tree age   Planning 
replacements/augmentation. 

Stump & root decay Tree age Tree damage  Leave trees to age! Planning 
replacements/augmentation. 

Shrubs Species 
composition 

Flower-bearing Berry 
producers 

Nut producers Key species: Hawthorn, blackthorn, 
hazel, English elm/elm sp., 
dogwood, willows, bramble, rose 
and ivy. 

Aspect Warmth   South-facing hedges likely to be 
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better, but sheltered aspects from 
south-east to westerly will be 
beneficial. 

Wide age classes 
for stems & twigs 

Second year 
growth 

Older growth  Rotational cutting on longer cycles 
than present. 

Dry dead wood Thickness Age Aspect  

Density of branches Penetrability height   

Creepers Honeysuckle Ivy Bramble  

Hedge base Impenetrability Robust shrubs    

Cracks & crevices Old timber left 
in situ 

Decaying old 
roots etc. 

  

Bare ground Aspect Lack of shading  Needs to be sheltered and warm. 

Hedge 
margin 

Floristic diversity.     

Variation in sward 
height. 

   Need for rotational cutting towards 
the end of the winter? (also 
removal). 

Extent away from 
hedge 

   May need to be wider than 
generally exist – any evidence for 
size of populations in hedges? 

Ditches Water present part 
of the year 

    

Lack fish     

Submerged and 
emergents 

    

Detritus layers     

 

Simplified models 
 
5.7. Models of hedge utilisation could be presented in a very complex fashion. However, a spaghetti-

like tangle of inter-locking threads actually says very little and serves more to confuse than to 
inform. A series of simpler models was therefore been prepared. They are based around specific 
habitat attributes in an attempt to show the primary and secondary routes towards the habitat 
utilisation. Different models are depicted in Figures 1 to 3, and others are illustrated in Appendix 1. 
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    Saproxylic insects     

        

         
         

    Rotting timber 
 

    

        

          
          

Cavities (rot holes, 
loose bark and 

hollow trees 

   
Hedge Ash tree 

  Aphids on leaves 
(honey dew)     

          
          

   Staging Post 
(courtship) 

    

  Yellow Hammer/ 
Finches 

 

        

          

   Brown Hairstreak 
Butterfly 

    

      

        
        

   
Shrub layer 

  
Insects 

(at honeydew) 

  

     

       

Bats       

       

   
 

  
Field margin 

 

  
Ditch     

 
 

Central feature Key hedge 
components 

Shelter Breeding Feeding 

Figure 1. The role solitary ash trees can play in the landscape. Within this model, the tree may play 
several roles: a breeding site for saproxylic insects; a staging post and fuel source for brown hairstreak 
butterflies; a staging post for some farmland birds; a possible hibernation or roosting site for some 
bats; and secondarily by attracting insects to honeydew from aphids, insects that breed in other parts 
of the hedge may become available as food sources for bats and for breeding farmland birds (feeding 
chicks). 

 
Figure 2 (next page). This model attempts to describe the inter-relationship between pollinators and 
other wildlife, using bumblebees as a proxy for a much wider assemblage of pollinators that includes 
bees and wasps, flies and some beetles.  
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Figure 3. (previous page). An interpretation of linkages between hedge components and selected priority 
species.  
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6. Suggestions for revision of Environmental Stewardship options 
 
6.1. A full report, containing our suggestions for improvements to Environmental Stewardship, 

together with the evidence base, is provided as a separate annex (Annex 1). It makes a total of 45 
suggestions to improve ES delivery for the biodiversity of hedges. 
 

6.2. This report brings together the results of the analysis of hedge component use by priority and 
farmland, indicator species, the review of evidence, and the information contained within the ten 
advisory sheets to identify 12 key hedge management requirements. These address the 
conditions required by the great majority of the wildlife associated with hedges. The 12 
requirements relate to: 

 
1. Multi-component approach  
2. Connectivity 
3. Shrub species diversity  
4. Structural diversity 
5. Dense shrub layer 
6. Outgrowths 
7. Flowering and fruiting shrubs  
8. Hedgerow trees  
9. Fertilizers and pesticides  
10. Tussocky-grass margins 
11. Flower-rich margins and banks  
12. Ditches  

 
6.3. Six suggestions have been identified as particular priorities: 

 
6.3.1. Under ELS, additional points should be given for co-location of priority options covering more 

than one hedge component. The combinations which will bring the greatest benefits to 
biodiversity are Shrub + Tree, Base + Margin, and Shrub + Tree + Base + Margin. (An 
alternative approach is to limit applicant choice to a number of bundles of options - all or 
most of the options in a chosen bundle must be selected.) 

 
6.3.2. Across ES, maintaining and increasing connectivity between hedges, and between hedges and 

other semi-natural features such as woodlands and ponds, should be given a higher profile. 
More resources need to be directed towards new hedge planting. Increasing connectivity is 
likely to assist with climate change adaptation by aiding species dispersal to favourable 
climate space. It will also improve resource protection by reducing surface run-off and erosion 
and increasing infiltration. 

 
6.3.3. Across ES, there is a need to raise the profile of hedge structural diversity, especially height 

range at a whole farm level. Agreement holders should be given clear direction and guidance 
on the benefits of adopting the management cycle approach. 

 
6.3.4. Across ES, substantial further resources should be directed to encouraging hedge 

rejuvenation.  
 

6.3.5. Across ES, achieving a dense shrub layer, from top to bottom, should be recognised as an 
important goal. This can be linked to improvement of structural diversity and adoption of the 
management cycle approach. It will assist with carbon mitigation (Robertson et al. 2012).  
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6.3.6. Across ES, further encouragement should be given to applicants to establish new hedgerow 
trees, unless there are specific landscape or species reasons not to do so. An increase in tree 
numbers will assist with climate change mitigation through increased carbon storage. 
Although these suggestions relate specifically to the development of Environmental 
Stewardship, we hope that the principles presented will be useful for the development of 
agri-environment schemes in other UK countries. 
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7. Gaps in the evidence 
 

7.1. Despite considerable investment in countryside management, many plants and animals continue 
to show serious downward trends in range and abundance (Lawton et al. 2010). It is clear that 
something is happening, but precisely what and why remains unclear. In the agricultural 
landscape, this is perhaps exemplified by the fifty widespread but declining moths that are listed 
by Wolton (2009a). There is a need to investigate and resolve the limiting factors that are 
fundamental to arresting and reversing such declines.  
 

7.2. A key gap relates to critical components of trophic and other ecological networks upon which the 
majority of hedge life depends? It follows that a particularly important question concerns the 
nature of the components, or niches, that deserve attention in order to restore or maintain 
biodiversity? In other words, what makes a hedge robust in its ability to withstand externally-
induced change? 
 

7.3. In this context, there remains a very limited understanding of the landscape scale at which 
management should be taken. Various authors refer to “field scale”, “farm scale” and “landscape 
scale”, yet these terms are not defined. Farms, for example, can range in size from a few hectares 
to thousands of hectares. The development of management prescriptions calls for refinement of 
our understanding of the scale that is relevant to hedge life and whether this applies consistently 
at a national or regional scale. 
 

7.4. The importance of hedgerow trees emerged from several angles, not least in the role played by 
trees as assembly points by moths? The literature also pointed to trees acting as assembly points 
for insects that form the prey targets for several bat species. Our knowledge of the behaviour of a 
variety of insects, especially flies such as the Empididae (sensu lato), points to trees acting as 
assembly points for male swarms. We need to understand the mechanisms better and whether 
the issues relate to shelter, structural features, or honeydew? 

 
7.5. Ash emerges as an exceptionally important hedgerow tree, and this raises the critical question 

about the possible impact of ash dieback and its effect on individual species such as brown 
hairstreak as well as for hedge wildlife in general. This species is potentially more significant than 
any other tree in the British landscape and its loss could have very serious consequences unless 
alternatives can be found and inserted before it is too late. 

 
7.6. The importance of gaps has yet to be properly elucidated. What is the relative importance of 

continuity of habitat against the increased permeability created by gaps; and what is the optimal 
size and frequency of gaps? The issue is complex because some data point to a need for breaks in 
hedges to facilitate dispersal by species whose activities are impeded by hedges; whereas other 
data point to the likelihood that gaps in hedges impede the movement of forest edge species.  

 
7.7. This study points to significant gaps in the evidence relating to connectivity in the landscape, 

particularly concerning invertebrate dispersal. A few taxa have been relatively well-studied but on 
the whole there is limited evidence of the role of connectivity in animal distribution. The most 
extensive studies involve carabid beetles, which can be readily trapped and therefore generate 
good statistical evidence. Carabid beetles appear to be largely reliant upon dispersal on the 
ground, as they are one of the most significant components of pitfall traps and rarely occur in any 
number in either water traps or flight interception traps (RKAM pers. obs.). They are therefore 
poor models if used as analogues for taxa that depend upon flight as a major part of their adult 
activity.  
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7.8. Studies of other invertebrates suggest that hedges do play a role in dispersal, but whether this is 
an active or passive process is uncertain. There can be no doubt that invertebrates pass along 
hedges, just as they do along woodland edges. This can be demonstrated by sighting of malaise 
and flight interception traps at right angles rather than parallel to hedges. Furthermore, simple 
observations of invertebrate activity shows how they tend to move within the footprint of 
suitable habitat, rather than dispersing in an indiscriminate manner.  

 
7.9. The importance of maintaining habitat continuity to aid movement of invertebrates is an issue 

that we explored during our analysis and were unable to come to a firm conclusion. The problem 
is that whilst foraging activity amongst bumblebees and movement patterns of some moths can 
be tracked, specific attempts to demonstrate a particular requirement for hedges as an aid to 
flight patterns is more difficult to disaggregate.  

 
7.10. Clearly, some invertebrates will travel significant distances over open ground, but the relative 

poverty of saproxylic faunas in isolated secondary woodlands (RKAM pers. obs.) suggests that 
relatively few specialist species disperse across homogenous open agricultural landscapes. Yet, 
we know from mark-release-recapture studies of one specialist hoverfly (Hammerschmidtia 
ferruginea) in Scotland (Rotheray et al. 2009) that at least some species can detect and orientate 
towards suitable habitat at significant distances of a kilometre or more. 

 
7.11. An improved understanding of the role that hedges play in invertebrate dispersal and 

colonisation would be particularly useful in the context of responses to climate change. However, 
any such work needs to concentrate on species with more specialised lifestyles that are most 
likely to be displaced with changing climate envelopes. This is especially true of the faunas of old 
woodlands, which are often highly localised; and are not infrequently confined to isolated 
fragments of more ancient habitat within a landscape containing more recent woodlands. 

 
7.12. The evidence gives tantalising glimpses into the role of species composition within hedges 

affecting a very wide range of taxa, including bats and birds. The significance of species 
composition is important in several contexts, but is likely to be particularly important because it 
has a bearing on the diversity (and possibly overall biomass) of invertebrates that are available as 
prey items. 

 
7.13. It is also clear that many invertebrates favour more sheltered environments in which ambient 

temperatures are higher; thus allowing activity earlier and later in the day. However, the relative 
values of different hedge orientations seem to have gone unstudied so far. Intuitively, it seems 
likely that south- and west-facing orientations are likely to be most beneficial, and northern and 
eastern ones the least beneficial. In this respect, attention also needs to be given to the relative 
importance of hedges according to the orientation of hillsides, as this orientation can significantly 
affect the times of day when temperatures reach levels needed to promote activity amongst 
thermophilic species. 

 
7.14. Following from this theme, there is some evidence that green lanes are proportionally much 

richer than individual hedges (Dover et al. 2000; Dover & Sparks 2001; Croxton et al. 2002, 2005; 
Walker et al. 2005,2006). The precise reasons for this are unclear; although an obvious reason is 
that the combined value of two edges is reminiscent of a woodland ride. These features provide a 
warmer, more sheltered microclimate, greater plant species richness and less intensive 
management. The role of shelter is in this respect extremely important, but more needs to be 
done to understand the parameters of green lanes that make them special, and those features 
that might be translated into environmental stewardship options. 

 



 

 Understanding the combined biodiversity benefits of the component features of hedges  Page 34 

7.15. The importance of particular structural elements of hedges is also open to further analysis, 
especially the role of banks and of ditches in supporting biodiversity. Further evidence in support 
of the importance of outgrowths would also be welcome. 
 

7.16. Finally, there arises the concept of nutrient cycling and the relative contributions different taxa 
make to re-distributing nutrients into hedges. A key question lies in the contribution of birds in 
particular make to nutrient cycling and hedge vigour. Again, intuitively, it seems likely that there 
is a relationship, but precisely what this involves is uncertain. 
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Appendix 1. Priority and farmland quality indicator species relevant to 
this study. 
 
Vascular plants 
  
  
  
  
  
  

Bastard balm Melittis melissophyllum 

Copse-bindweed Fallopia dumetorum 
Crested cow-wheat  Melampyrum cristatum 

Grape hyacinth Muscari neglectum 
Plymouth pear Pyrus cordata 
Purple ramping fumitory Fumaria purpurea 

Starved wood-sedge  Carex depauperata  
Non-vascular 
plants 

Round-leaved feather-moss  Rhynchostegium rotundifolium 

Fungi  
  
  
  

Sandy stilt puffball fungus Battarrea phalloides 
Weathered earthstar fungus Geastrum corollinum 

Pepper pot fungus Myriostoma coliforme 
Hazel gloves fungus Hypocreopsis rhododendri 

Lichens 
  
  
  
  
  
  
  
  
  

a lichen Anaptychia ciliaris subsp. ciliaris  
a lichen Bacidia incompta  
Orange-Fruited Elm-lichen Caloplaca luteoalba 

a lichen Caloplaca virescens 
a lichen Cryptolechia carneolutea 

a lichen Parmelina quercina 
NB British material is P. carporrhizans 

Southern grey physcia Physcia tribacioides 
Golden hair-lichen lichen Teloschistes flavicans 

A beard lichen (String-of-
sausages lichen) 

Usnea articulata 

A beard lichen Usnea florida 
Bees and wasps  
 Brown-banded carder-bee Bombus humilis 
 Large or Moss carder-bee B. muscorum 

 Red-shanked carder-bee B. ruderarius 

 Large garden bumblebee B. ruderatus 
 Shrill carder-bee B. sylvarum 

Beetles Stag beetle Lucanus cervus 
 Hazel pot beetle Cryptocephalus coryli 
 Six-spotted pot beetle Cryptocephalus sexpunctatus 
 Scarlet malachite beetle  Malachius aeneus 

 Alder flea weevil Orchestes testaceus 
 Cardinal click beetle or  

Red-horned cardinal click 
beetle 

Ampedus rufipennis 

Flies A hoverfly Callicera spinolae  
Butterflies Brown hairstreak Thecla betulae 
 White-letter hairstreak Satyrium w-album 
Moths   

Rare or restricted 
species 

  

 Barberry carpet Pareulype berberata 
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 Heart moth Dicycla oo 

 Pale shining brown Polia bombycina 
 Scarce vapourer Orgyia recens 
 Sloe carpet Aleucis distinctata 

 Liquorice piercer moth Grapholita (Cydia) pallifrontana  
 Goat moth Cossus cossus 

51 widespread 
but rapidly 
declining species 
likely to be 
associated with 
hedges 

  

 Deep-brown Dart  Aporophyla lutulenta 

 Mullein Wave Scopula marginepunctata 

 Grey Dagger Acronicta psi 

 Knot Grass Acronicta rumicis 

 Flounced Chestnut  Agrochola helvola 

 Brown-spot pinion Agrochola litura 

 Beaded Chestnut Agrochola lychnidis 

 Green-brindled Crescent Allophyes oxyacanthae 

 Mouse Moth Amphipyra tragopoginis 

 Large Nutmeg Apamea anceps 

 Dusky Brocade Apamea remissa 

 Garden Tiger Arctia caja 

 Sprawler Asteroscopus sphinx 

 Centre-barred Sallow Atethmia centrago 

 Minor Shoulder-knot  Brachylomia viminalis 

 Mottled Rustic Caradrina morpheus 

 Streak Chesias legatella 

 Broom-tip  Chesias rufata 

 Small Square-spot  Diarsia rubi 

 Figure of Eight  Diloba caeruleocephala 
 Small Phoenix  Ecliptopera silaceata 

 September Thorn Ennomos erosaria 

 Dusky Thorn Ennomos fuscantaria 

 August Thorn Ennomos quercinaria 

 Galium Carpet  Epirrhoe galiata 

 Autumnal Rustic  Eugnorisma glareosa 

 Garden Dart  Euxoa nigricans 

 White-line dart Euxoa tritici 

 Double Dart Graphiphora augur 

 Small Emerald  Hemistola chrysoprasaria 

 Ghost Moth Hepialus humuli 

 Rustic Hoplodrina blanda 

 Rosy Rustic Hydraecia micacea 

 Brindled Beauty Lycia hirtaria 

 Lackey Malacosoma neustria 
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 Dot Moth  Melanchra persicariae 

 Broom Moth  Melanchra pisi 

 Pretty Chalk Carpet  Melanthia procellata 

 Shoulder-striped Wainscot Mythimna comma 

 Powdered Quaker Orthosia gracilis 

 Shaded Broad-bar  Scotopteryx chenopodiata 

 White Ermine Spilosoma lubricipeda 

 Buff Ermine  Spilosoma luteum 

 Hedge Rustic Tholera cespitis 

 Feathered Gothic  Tholera decimalis 

 Blood-vein Timandra comae 

 Pale Eggar Trichiura crataegi 

 Oak Hook-tip Watsonalla binaria 

 Dusky-lemon sallow Xanthia gilvago 

 Sallow Xanthia icteritia 

 Dark-barred Twin-spot 
Carpet  

Xanthorhoe ferrugata 

Herptiles (reptiles 
and amphibians) 

Great crested newt Triturus cristatus 

  Common toad Bufo bufo 

  Grass snake Natrix natrix 

  Slow worm Anguis fragilis 

  Common lizard Zootoca vivipara 

Birds Grey partridge Perdix perdix 

  Turtle dove Streptopelia turtur 

  Cuckoo Cuculus canorus 

  Lesser spotted woodpecker Dendrocopos minor 

  Tree pipit Anthus trivialis 

  Hedge accentor 
(Dunnock) 
(Hedge sparrow) 

Prunella modularis 

  Song thrush Turdus philomelos 

  Spotted flycatcher Muscicapa striata 

  Marsh tit Poecile palustris 
(Parus palustris) 

  Willow tit Poecile montanus 
(Parus montanus) 

  Red-backed shrike Lanius collurio 

  Starling 
(Common starling) 

Sturna vulgaris 

  House sparrow Passer domesticus 

  Tree sparrow Passer montanus 

  Bullfinch 
(Common Bullfinch) 

Pyrrhula pyrrhula 

  Linnet 
(Common linnet) 

Carduelis cannabina 

  Lesser redpoll 
(Redpoll) 

Carduelis cabaret 
(Carduelis flammea) 
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  Cirl bunting Emberiza cirlus 

  Reed bunting Emberiza schoeniclus 

  Yellowhammer Emberiza citrinella 

Mammals Barbastelle Barbastella barbastellus 

  Bechstein’s bat Myotis bechsteinii 

  Brown long-eared bat Plecotus auritus 

  Greater horseshoe bat Rhinolophus ferrumequinum 

  Lesser horseshoe bat Rhinolophus hipposideros 

  Soprano pipistrelle Pipistrellus pygmaeus 

  Noctule Nyctalus noctula 

  Hedgehog 
(West European Hedgehog) 

Erinaceus europaeus 

  Harvest mouse Micromys minutus 

  Dormouse 
(Hazel dormouse) 

Muscardinus avellanarius 

  Polecat Mustela putorius 
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Appendix 2. Conceptual models of hedge utilisation by selected priority 
species and related assemblages 

 
The following conceptual models were developed as a way of exploring relevant aspects of the synergistic 
benefits of individual hedge components. They are purely illustrative and were designed to assist in the 
subsequent stages of the project. Please note that a model was not constructed for hedgehog, because its 
relationship with hedge components is comparatively simple and was not expected to demonstrate 
relationships that could not be discerned elsewhere. Other relevant models are placed within the body of 
the text and combine a number of hedge wildlife, including birds and dormouse. 
 
Model 1. Amphibians and reptiles. In this model, all priority species were investigated. Some rarely utilise 
hedge ditches, but the model has taken account of occasional sightings such as those of great crested 
newts in ditches at Dungeness. 
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Model 2. The relationship between bats and hedges. This model recognises that the most frequent 
research into bats concerns their use of hedges as navigation aids. However, there are references to bats 
feeding around hedges, especially around hedge trees. In addition, it takes account of the possibility that 
venerable trees with flaking bark and hollow trunks may act as roosts. Although it focuses on the field 
margin and the ditch as the main providers of biomass, both trees and shrubs will also contribute to this. 
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Model 3. Hairstreak butterflies. This model has been constructed using the two priority species but could 
also be constructed in a similar fashion for both the black and purple hairstreak butterflies. 
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Model 4. Saproxylic invertebrates. This model draws upon priority species to inform the model but takes 
additional account of other parts of the assemblage of saproxylic insects and those that make use of their 
workings. 

 

 

 

 


