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BACKGROUND TO THE REVIEW 
 
Summary of the problem 
There is an extensive literature on hedgerows, much 
of which relates to wildlife.  There are also reviews 
of various aspects of hedgerows, both general and 
specific, but until the first edition of this report was 
published (Barr et al. 1995) there had been no 
review which focused on the relationship between 
hedgerow management and wildlife.  Osborn (1987) 
said “FWAG (Farming and Wildlife Advisory 
Group) advisers are asked many questions on hedgerow 
management and, in the majority of cases, the advice given is 
based on educated conjecture, rather than drawn from 
scientific research”.  As Hooper (1992) points out, the 
earliest papers on hedges (1800-1845) were often 
concerned with the need to remove hedges (they 
were seen by some as being too plentiful and too 
big).  Up to 1960, most papers were concerned with 
the agricultural impacts of hedgerows, and only in 
the mid-1960s did interest shift to their wildlife 
value.  Much of this early work with a more 
ecological focus was undertaken by Moore, Davis, 
Pollard and Hooper at ITE Monks Wood. 
 
In the mid-1990s, a summary of the research 
context for hedgerows was expressed by the then 
Ministry of Agriculture, Fisheries and Food (MAFF) 
in the research specification for earlier versions of 
this review:  

“Hedges are important for flora and fauna.  They may be 
managed in a variety of ways according to the needs of the 
farm and sometimes local custom.  The benefits of different 
management practices for wildlife can vary both as a result of 
the methods used and the timing of the operations.  The 
nature of the adjacent land use can also have an important 
effect on the biodiversity of the hedge.  MAFF provides grants 
for some forms of hedgerow management both as part of the 
Environmentally Sensitive Areas Scheme and the Farm and 
Conservation Grant Scheme.  The wildlife value of hedgerows 
is also a consideration in other MAFF schemes such as the 
Habitat Scheme and set-aside.  In order to inform the 
development of its policies, MAFF needs a report which pulls 
together the knowledge currently available on the wildlife 
value of hedges under different circumstances.” 
 

Although research done since then has gone some 
way to addressing some of the policy-related issues 
concerning hedgerows, there is now a need to re-
assess the research direction and identify new 
priorities in the current policy climate. 
 
Related research activities 
Shortly before his retirement in 1992, Dr Max 
Hooper submitted a contract report to the then 
DOE entitled ‘Hedge Management’.  This report 
remains unpublished but the authors of this review 
have been given permission to make use of it.  
Hooper’s report goes some way to meeting the 
objectives of this review but focuses particularly on 
a hedgerow survey carried out in selected areas of 
England. 
 
Important background information has also come 
from the results of the Countryside Surveys carried 
out by the Centre for Ecology and Hydrology 
(CEH), and its fore-runner organisations, in 1984, 
1990 and 1998, supplemented by a specific 
hedgerow survey in 1993.  These surveys, which 
were funded by MAFF and the Natural 
Environment Research Council (NERC), have 
shown that after a period of marked hedgerow loss 
between 1984 and 1990 (much of which was due to 
lack of appropriate management), there was no net 
loss between 1990 and 1998, although the quality of 
hedgerows (and associated vegetation) continued to 
decline.  As a policy matter of importance to all 
Government Departments, it is important to know 
what the wildlife consequences of this trend may be. 
 

OBJECTIVES OF THE REVIEW 
 

The specific objectives of the review were laid out 
clearly in MAFF’s original research specification, as 
follows:  
“A review of previous and current research is required: 

1. To assess the impact of different forms of management 
on hedgerow biodiversity, e.g. closely cut, cut into an A-
shape or square topped, laid or coppiced.  The impact 
on wildlife value of non-management (i.e. development 
into relict hedges) also needs to be taken into account as 
does the timing of any management activities. 
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2. To assess the impact of immediately adjacent land use 
on hedgerow biodiversity, e.g. intensive arable, arable 
with uncropped land alongside the hedge, permanent 
grass, woodland, water-course. 

 
3. To assess the relative importance of hedgerows for 

wildlife in different farming contexts, e.g. arable versus 
grassland, lowland versus upland.  This will need to 
take account of varying local hedgerow practices, e.g. 
Devon pastoral compared with West 
Midlands/Marches pastoral. 

 
4. To identify methods of enhancing biodiversity in hedges 

taking into account costs and practicability, and 
considering both individual hedgerows and combinations 
of hedgerows which might, for example, form a wildlife 
corridor. 

 
5. To identify gaps in knowledge by an analysis of research 

needs against published and current research and to 
provide a prioritised list of future research requirements.” 

 
These generic aims are as relevant today as they 
were when written in the mid-1990s. 
 
In considering this last objective, it is worth noting  
Dr Hooper’s comments made at the Wye College 
Hedgerow Symposium in 1992: “After 30 years of 
studying hedges, I am more conscious of what I don’t know, 
and what I am not sure about, than the extent of my 
knowledge.”  This review of the literature can go 
some way towards identifying what is known but 
cannot, necessarily, provide all the answers. 
 
INTRODUCTION TO THIS 
PUBLICATION 
 
Approach 
This publication is based on a contract report that 
was submitted to MAFF in 1995 and which was 
updated in 2000.  The task of compiling that report 
was undertaken jointly by ADAS and the Institute 
of Terrestrial Ecology (ITE).  Given the need for a  
rapid review of relevant literature, work was divided  

between the two research organisations with 
individual members of staff being given 
responsibility for different research areas, and hence 
different sections within the report.  This approach 
risked duplication between sections and an ‘editorial 
team’ from both organisations took responsibility 
for combining contributions into a single report. 
 
During the course of the review, authors extracted 
information from many hundreds of papers in 
scientific journals, magazines and elsewhere.  They 
also read many hundreds more and, where 
appropriate, these have been included in the 
extensive bibliography section at the end of this 
report. 
 
Content 
The report starts with a review of hedge 
management, including its history, current status 
and costs.  It then continues by examining what is 
known about the effects of hedge management on 
wildlife, including the effects of associated land use 
management.  This main section of the report has 
been divided up according to major taxonomic 
groupings with a section devoted to each. 
Recommendations are made on further research 
needs within the final section of the review.  The 
references are incorporated within a bibliography of 
publications which were consulted during the 
course of the review and, while these publications 
were not all directly relevant to the topic of 
management and wildlife (or duplicated material 
given elsewhere), they nevertheless may be useful to 
anyone needing information on hedgerows in 
general. 
 
Updating the content 
Since the original contract report was submitted, the 
information has been updated by section authors 
and, although some new research may have been 
reported during the publication stages, this report 
represents a reasonably comprehensive review of 
research information on hedgerow management and 
wildlife at the start of the 21st century. 
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THE RESEARCH ENDEAVOUR 
 
The potential of air photographs for recording the 
incidence and character of English and Welsh field 
boundaries was demonstrated in a paper published in 
the German geographical journal, ‘Erdkunde’, based 
on an interpretation of wartime Luftwaffe prints 
(Hartke 1951).  During the 1960s, British geographers 
used a combination of old agricultural textbooks and 
estate maps, as well as fieldwork, to study the origins, 
distribution and management of hedgerows, together 
with other types of boundary (Mead 1966).   
 
Studies initiated by the Research Branch of the 
Nature Conservancy in the 1960s to gain a better 
understanding of the role of hedgerows as a wildlife 
habitat soon revealed the extent of their destruction, 
as a result of large-scale changes in the use and 
management of farmland.  Dr M. D. Hooper found 
that over two-thirds of the hedges in one sample 
survey of the East Midlands had been lost in the 
previous twenty years.  For three contiguous parishes 
in Huntingdonshire, the length of hedgerow declined 
from 70.8 miles, as interpreted from RAF air 
photographs of 1945, to 46.0 miles in 1963 and 20.0 
miles in 1965, as recorded by field survey (Moore, 
Hooper & Davis 1967).   
 
By comparing the species composition of hedges with 
maps and other forms of documentary evidence held 
in county record offices, Hooper suggested, as a 
rough guide for some parts of the country, that a 
hedge might gain about one species of shrub in a 30-
yard length for every hundred years (Pollard, Hooper 
& Moore 1974).  Local historians had for long 
suspected that older hedges were likely to be found 
on ancient farm and parish boundaries.  Evidence 
from field archaeology suggests that some might even 
have Roman, or perhaps Bronze Age, origins.  For 
both biological and historical reasons, a joint meeting 
of ecologists and historians, in 1971, pressed for 
priority to be given to the preservation of these long-
established habitats, particularly at a time when farm 
amalgamation was proceeding apace (Anon. 1971).   
 
In emphasising the importance of hedgerows as 
artefacts of earlier phases in the  ‘definition and control of 

space in the countryside’, Morgan Evans (1994) has 
emphasised how entirely appropriate it would be to 
preserve them as part of the statutory planning 
process. 
 
Developing interest in landscape ecology gave 
further impetus, both in Britain and the bocage 
landscapes of northern France, to studies of the 
edge-effect of hedgerows in a mosaic of otherwise 
open environments, and the inter-connectedness of 
hedgerows and their role as corridors or networks 
for the movement of organisms through the 
countryside (Chapman & Sheail 1994).  The nature 
and significance of these functions reflected the width 
of the hedgerow, and composition of the three layers 
that comprised it, namely the tree, shrub and herb 
layers.  A survey of the woody species of 2,300 
hedgerows in Brittany established the importance not 
only of biogeographical factors and current 
management practices but, more importantly, former 
differences in husbandry (Baudry 1988).   
 
PRESCRIPTIONS FOR HEDGE-MAKING 
 
Some of the earliest published prescriptions are to be 
found in Anthony Fitzherbert's ‘The booke of husbandry’ 
of 1568 and ‘The profitable arte of gardeninge’, published 
by Thomas Hill in 1672.   
 
An insight into the variety of hedgerow species and 
their management is provided by the two sets of 
agricultural reports, compiled for most counties by 
the Board of Agriculture, during the period, 1790 to 
1820.  In Worcestershire, the new ‘fences’ were 
chiefly made of hawthorn (Crataegus monogyna), secured 
by post and rail, with stone being used on the Bredon 
and Cotswold Hills.  The Essex fences contained a 
variety of woody species, including hazel (Corylus 
avellana), maple (Acer platanoides), ash (Fraxinus 
excelsior), oak (Quercus sp.), elm (Ulmus sp.), blackthorn 
(Prunus spinosa), whitethorn (hawthorn) and bramble 
(Rubus fruticosa agg.), with timber and pollard trees 
interspersed and growing in them at various intervals.   
 
In Middlesex, the hedges were generally full of woody 
species, consisting mostly of hawthorn, elm and 
maple, with some blackthorn, crab apple (Malus 
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sylvestris), briars (Rosa spp.) and damson (Prunus 
domestica ssp. insititia). 
 
In his ‘Review and Abstract’ of the Board’s reports, 
William Marshall used extracts from the 
Hertfordshire volume to distinguish those hedgerows 
planted de novo on open ground and ‘aboriginal 
fences’, where the woodland on both sides had been 
cleared for farming.  In the act of clearing, ‘lines of 
native coppice wood were very judiciously left; not 
only as fences between enclosures, but as a supply of 
fuel, for the occupiers of the lands and their country 
neighbours’.  Here, plashing was ‘an invention of 
necessity’, the taller sapling shoots being laid across 
the gaps and thinner parts to create a stock-proof 
fence. 
 
The author of a paper on ‘Hedges and hedge-making’, 
published in the ‘Journal of the Royal Agricultural 
Society’ in 1899, looked for 17 qualities in a hedge.  
No species possessed so many of these qualities as 
the whitethorn or hawthorn.  Since the thorns 
deterred all forms of livestock, the hedge could be 
cut into a very compact form, thereby ensuring its 
branches offered little refuge for birds and insects.  
It was only at high altitudes that the whitethorn had 
difficulty in establishing itself.  The fact that it was 
the only shrub used as fencing along the entire 
length of the railways, through a great variety of 
soils, topography and climates, provided ample 
evidence of its adaptability (Malden 1899).  Among 
the many changes in rural practice, brought about 
by the railways, Henry Stephens, in his ‘Book of the 
farm’, identified the most important to be the way 
in which hedgerows were established.  The practice 
had been to plant the hedges on banks composed of 
material excavated from an adjacent ditch.  Whilst 
this had the effect of immediately providing some 
kind of barrier, the sides of the bank inevitably fell 
away, exposing the rooting system.  The railway 
companies had provided an ‘excellent object lesson’ 
in how the first consideration should be the welfare 
of the hedge.  The quicks were planted on the level, 
with a ditch cut only where needed for drainage.  
However planted, the ground should be at least 
fallowed, limed and manured.  In the first few years, 
the soil had to be kept ‘stirred’, so as to prevent the 
quicks from being choked by weeds (Scott 1883; 
Stephens 1890).   
 
Much prominence has been given to the Prize Essays 
on hedgerows, published by the Royal Agricultural 
Society of England in the 1840s, that condemned 
hedges for taking up so much land, making the use of 
machinery difficult, acting as weed magazines and 
asylums of pests, impoverishing the soil and 
preventing the free circulation of air (Grigor 1845; 
Cambridge 1845; Turner 1845).  It is likely, however, 

that the greatest threat to hedgerows was their 
mismanagement and neglect.  If too much old wood 
was left, the heart of the hedge tended to become 
hollow as the younger growth on the outside 
smothered that of the inside.  Wherever practicable, 
the wood was best cut with an upward stroke.  Water 
would then run easily off the smooth surface.  The 
vibration caused by a downward cut would cause the 
wood to splinter, leading to dampness and often 
considerable decay.  Over time, it might become the 
chief cause of gaps in the hedge. 
 
In broad terms, one of two management systems 
might be adopted.  The more common was to train 
the hedge into an upright, triangular section, that 
followed closely the natural form of the hawthorn 
tree.  It might reach a height of four or five feet, 
without ceasing to be thick and well-clothed at the 
very bottom.  Not only did this produce an effective 
barrier for livestock, but whitethorn shoots were not 
seriously damaged by the shade cast by growth above 
them.  The alternative method of management, and 
the one preferred by the railway companies, was to 
cut, rather than grow, the hedge into shape.  It was 
first allowed to grow to a height of six to eight feet, 
and then ‘wattled’ at an angle of 40 degrees, stakes 
being left at two feet intervals, the wattling rods being 
hacked close to the ground, and woven in between 
the live stakes.  The hacking encouraged a strong 
growth of young shoots from the base.   
 
Through neglect, the hedgerows of parts of Essex 
and Suffolk, during the agricultural depression of 
the late nineteenth century, took on the appearance 
of lines of woodland, growing up to 25 feet in 
height, and encroaching onto fields and roadside 
wastes (Collins 1985).  Commentators stressed the 
short-sightedness of such neglect.  Once a weakness 
or gap developed, the whole purpose of the hedge 
was lost and remedial action might be costly.  Re-
planting on the site of a thoroughly-neglected or 
worn-out hedge was rarely successful.  Whilst there 
was no actual evidence that injurious matter 
accumulated in the soil, it was usually presumed so.  
The only course was to remove and replace the top 
soil with fresh soil from nearby, mixed with well-
rotted dung.  On thin or barren soils, well-rotted 
turf or sod was useful.  The most effective method 
of dealing with an overgrown, yet gappy, hedge was 
to plash it, the long rods being suitable for wattling.  
Any decaying stumps should be cut level with the 
ground, so as to encourage regeneration.  If laid 
well, some judicious thinning and keeping the ground 
clear at the base should be enough to keep the hedge 
in shape for 20 to 40 years.   
 
The thirteenth edition of ‘Fream’s Elements of 
Agriculture’, published in 1949, found the most usual 
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types of field division to be live hedges, the post 
and wire fence, and the post and rail fence. In most 
counties, experience had shown that the hawthorn 
made the most suitable hedge, planted in a double 
line 12 inches apart, with 18 inches between each 
quick.  A hard pruning after 12 months in the 
ground encouraged strong growth.  It would be 
ready for its first laying after ten years.  Whilst it 
varied from district to district as to whether live or 
dead stakes were used, the aim was always the same, 
namely dense and healthy growth at the bottom and 
rigidity at the top.  A stock-proof hedge also 
provided shelter from winds.  Optimally, the hedge 
was cut once or twice a year into an A-shape, of not  
less than four feet at the base.  Weed plants, 
particularly bramble, briar and elder had to be 

removed (Robinson 1949).  If the post-war edition 
provided a distillation of centuries of experience in  
hedgerow management, the short paragraph in the 
fifteenth edition of ‘Fream’s Elements of Agriculture’, 
published in 1972, emphasised the rapid decline in 
its relevance.  Although they had a much longer life, 
hedges were three to four times more expensive 
than wire fencing which, in any case, was often 
required to protect the young hedge against 
livestock.  The cost of planting might be reduced by 
using farm implements, as opposed to hand digging.  
Although tractor-operated trimmers might make 
subsequent trimming cheaper, there was no 
substitute for laying by hand every ten to 15 years if 
a good stock-proof fence was desired (Robinson 
1972) 

.
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THE COUNTRYSIDE SURVEYS  
 
The most recent literature describing hedgerows in 
terms of management, at the national scale, is based 
on data from the Countryside Surveys of 1990 
(CS1990) (Barr et al. 1993) and 1998 (CS2000) 
(Haines-Young et al. 2000).  From CS1990, two 
reports in particular focus on hedgerow issues.  The 
first, ‘Changes in Hedgerows in Britain between 1984 and 
1990’ (Barr et al. 1991), looks at the change in 
hedgerow stock between these years and at the 
characteristics of hedges in both years.  The second, 
‘Diversity in British Hedgerows’ (Cummins et al. 1992), 
concentrates mainly on the species composition of 
hedges and associated flora. Some information on 
hedgerow management is included in two outputs 
from the Countryside Surveys: ‘Accounting for Nature: 
Assessing Habitats in the UK Countryside’ (Haines-
Young et al. 2000) and ‘Estimating hedgerow length and 
pattern characteristics in Great Britain using Countryside 
Survey data’ (Barr & Gillespie 2000).  In the future, it 
is expected that more management information will 
result by aggregating data from county-based 
surveys, prompted by the publication of a standard 
handbook of field methods (Bickmore 2002). 
 
The hedgerow characteristics recorded in the 
Countryside Surveys included species dominance 
(e.g. >50% hawthorn), height (e.g. >2 m), gappiness 
(e.g. gaps >10%), management (e.g. trimmed), 
shape (e.g. chamfered) and change (e.g. to line of 
relict hedge).  These are all important in examining 
the management of hedgerows.  For example, the 
individual woody species in the hedge may need 
more or less management depending on how fast it 
grows.  Elder (Sambucus nigra) and sycamore (Acer 
pseudoplatanus), for example, grow quickly and need 
more active management than some other species.  
When looking at information recorded on height, 
hedges over two metres high tend to be those that 
are not managed.  A hedge with filled gaps is 
showing signs of management, whereas one that is 
completely non-stock-proof and uncut may not be 
managed at all.  The cutting regime of a hedge, one 
that has been trimmed recently compared to one 

that is derelict or uncut, for example, indicates the 
extent of management. 
 
According to Countryside Survey definitions, where 
all forms of management have ceased and a hedge 
reaches its natural tree shape or when gaps break up 
a hedge to an individual line of trees or shrubs, then 
the feature can no longer be described as a hedge 
(and might be considered as, for example, a 
scattered line of shrubs).  An overgrown, 
unmanaged hedge may be termed a ‘remnant hedge’ 
whereas an overgrown, unmanaged and very gappy 
hedge which has become a line of trees might be 
termed a ‘relict hedge’.  Remnant and relict hedges 
were quantified separately from ‘true’ hedges in the 
Countryside Surveys.   
 
The stock of hedgerow length in England & Wales 
in 1998 was estimated to be 449,000 km (with a 
further 52,000 km being described as ‘remnant’ 
hedge) (see Table 1).  This did not represent a 
statistically significant change from 1990.  However, 
the length of remnant hedge did decrease 
significantly, by 21%.   
 
The Northern Ireland Countryside Survey (which 
used a similar methodology to its Great Britain 
equivalent), estimated the stock of hedges to be 
118,400 km (Cooper et al. 1997).  There was a 4.5% 
decline in net length of hedges (and an additional 
4,000 km decrease in earth banks) between the late 
1980s and the late 1990s. 
 
These statistics represent a complicated and 
dynamic picture of change between different field 
boundary types.  Examination of GB Countryside 
Survey data suggests, for example, some remnant 
hedges became ‘lines of trees’ while others were 
restored to ‘true’ hedges. 
 
The zero net change between hedge lengths in 1990 
and 1998 suggests a balance between gains and 
losses which contrasts with the earlier interval 
between 1984 and 1990 which saw a decrease, in net 
terms, of about 23%.  Figures from Barr et al. (1993) 
showed that a small proportion of this change, 6%, 
was due to hedges becoming incorporated into built 
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landscapes (and hence lost to the countryside), with 
35% due to hedge removal.  Almost 60% of the 
decrease was due to a change in recorded boundary 
type, of which over one third (39%) was change to 
relict hedge.  This is borne out by a corresponding 
increase (59%) in the number of relict hedgerows 
being recorded in 1990 compared to 1984, 
suggesting that there is a decline in hedge 
management on a national scale. 
 
Of the total stock of hedges in 1990, some 75% had 
been recorded as hedges in 1984.  A quarter of 
hedges gained come from relict hedgerows and over 
20% were newly planted where no previous 
boundary of any type existed in 1984.   
 
By comparison, of the total stock of hedges in 1998, 
91% had been recorded as hedges in 1990.  One 
third of hedges gained came from remnant or relict 
hedgerows and a quarter of  hedges gained came 
from situations where no previous boundary, of any 
type, existed in 1990. 
 
In management terms, this showed a continuing 
investment in planting new hedges as well as 
reclaiming hedges from other boundary types such 
as relict hedgerows or lines of trees. 
 
The characteristics of hedges in earlier surveys were 
examined in Barr et al. (1991) and for CS2000 at 
http://www.cs2000.org.uk/M01_tables/reports/he
dgecon98.htm.  A summary from these reports for 
GB is given in Table 2.  
 
The results from this table suggest that in Great 
Britain as a whole, the overall height and 
management regime of hedges remained reasonably 
constant between the three dates.  When looking at 
gappiness however, the table shows that lengths of 
complete hedges had declined over the period 1984-

90, with a corresponding increase in the number of 
hedges that are not stock-proof. 
One of the aims of the work by Cummins et al. 
(1992) was to assess the effect of hedgerow 
management and change within hedgerows in the 
context of hedgerow diversity.  The woody 
component of hedges from 259 paired plots 
surveyed in 1978 and 1990 were classified into one 
of 11 woody species classes (WSC) (e.g. hawthorn-
dominant, blackthorn-predominant).  The same 
three management categories as used in Table 1 
were used to evaluate different types of hedge 
management for the five main WSCs, those that had 
more than 15 plots in a class.  The percentage of 
hedges in each class in 1990 are shown by 
management characteristic in Table 3. 
 
The proportion of hedges that had been cut within 
the past two years was greatest amongst elder/ 
hawthorn hedges (WSC 4c), but elder is a fast 
growing species that demands management 
attention if it is not to get out of hand. 
 
In contrast, the lowest proportion of cutting and 
the highest proportion of unmanaged hedges was in 
the mixed-hazel class (WSC 5b). 
 
As with the results for hedge lengths shown in 
Table 2, the differences in height and management 
are not marked between the classes, but there is a 
difference between the classes with regards to 
gappiness.  Gaps were most frequent in mixed 
hawthorn (WSC 4b) and mixed-hazel (WSC 5b), 
possibly due to a lack of management or due to 
lower densities of thorny species, making it easier 
for livestock to break through.  The elder/hawthorn 
class (WSC 4c) was the most complete, which may 
be due to the fast growing nature of elder blocking 
up the gaps.  This class had no laid hedges and 
unlaid elder being easily penetrated, farmers may 
manage them by reinforcement with fencing. 
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Table 1  Hedgerow stock (1998) and change (1990-1998) in England and Wales, and in Scotland. 
 Data from the Countryside Surveys. 
 

(a) England and Wales Stock in 1998 Change in stock 1990-98 
 Length 

('000km) 
SE 

('000km) 
% of 1998 

stock 
Length 

('000km) 
SE 

('000km) 
% change 
from 1990 

Hedge 449.3 21.2 35.8   -0.4 4.8     0.0 
Remnant Hedge   52.3   4.3   4.2 -13.5 3.6 -25.8 
Wall 105.8 12.8   8.4   -2.7 1.7   -2.6 
Line of trees/shrubs and 
relict hedge and fence 

  70.0   5.1   5.6  15.5 3.1   22.1 

Line of trees/shrubs and 
relict hedge 

  83.4   5.1   6.7  19.6 3.0   23.5 

Bank/grass strip   70.0   7.4   5.6   -1.9 2.5   -2.7 
Fence 423.2 16.9 33.7  25.6 8.9     6.0 
Total 1253.9 32.1 100.0  42.3 8.4     3.4 

 
 

(b) Scotland Stock in 1998 Change in stock 1990-98 
 Length 

('000km) 
SE 

('000km) 
% of 1998 

stock 
Length 

('000km) 
SE 

('000km) 
% change 
from 1990 

Hedge   19.0   4.4     5.0   0.8 0.8    4.2 
Remnant Hedge     5.3   1.8     1.4  -0.9 0.5 -17.0 
Wall   87.1 12.0   22.8  -1.5 1.6   -1.7 
Line of trees/shrubs and 
relict hedge and fence 

  11.1   1.9     2.9   1.4 0.6  12.6 

Line of trees/shrubs and 
relict hedge 

  13.3   1.9     3.5   2.4 0.7  18.0 

Bank/grass strip   12.4   3.4     3.2   0.8 1.0    6.5 
Fence 233.7 16.9   61.2   8.6 3.3    3.7 
Total 382.0 21.6 100.0 11.7 3.2    3.1 

 
Figures in bold indicate a significant change (p<0.05). 
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Table 2  Hedgerow characteristics (%). 
 

Characteristics  1998 (%)   1990 (%)    1984 (%) 
Height Categories <1 metre 3.3 2.1 6.3 
 1-2 metres 50.3 59.0 51.7 
 >2 metres 42.0 38.8 42.0 
Management Trimmed            n/a 55.1 55.1 
 Uncut            n/a 34.8 34.1 
 Derelict* 11.6 10.0 10.8 
Gappiness Complete            n/a 47.3 56.2 
 <10% filled gaps 10.4 10.8 13.0 
 >10% filled gaps 8.6 4.5 5.1 
 Not stock-proof 43.3 37.4 25.7 

Notes: n/a = not applicable (many of the previous categories were replaced in CS2000) 
* Use of Derelict code in 1998 allocated features to a sub-category of ‘hedge’ summary group, ‘unmanaged/incomplete 
hedge’. Thus the figure for Derelict in 1998 represents the total in this sub-group. 
 
Table 3  Hedgerow characteristics (%) in Woody Species Classes in 1990. 
 

  Class 4a 
Hawthorn 
dominant 

Class 4b 
Mixed 

hawthorn 

Class 4c 
Elder/ 

Hawthorn 

Class 5b 
Mixed - 

hazel 

Class 6 
Blackth’n 
predom. 

Height <1 metre 3 3 5 4 4 
 1-2 metres 55 46 52 56 57 
 >2 metres 43 51 43 40 40 
Management Trimmed 61 66 75 50 58 
 Uncut 7 6 0 9 10 
 Derelict 32 28 25 41 32 
Gappiness Complete 24 20 47 29 35 
 <10% filled gaps 6 3 0 2 10 
 >10% filled gaps 59 67 41 62 48 
 Relict 12 10 12 7 7 
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HOOPER’S SURVEY OF HEDGEROWS 
IN 1990 
 
The then Department of the Environment 
commissioned a report on the importance of 
hedges, both to farmers and the public, with 
particular emphasis on the environmental and 
wildlife implications of different types of 
management (Hooper 1992).  The project involved 
reviewing literature, liasing with other researchers 
and carrying out a small sample survey of farmers to 
discover their attitudes and to identify landscape 
elements within their farms. 
 
The survey was carried out in random 1 km squares 
in each of six of the Land Classes of the ITE Land 
Classification (Bunce et al. 1981).  The six Land 
Classes (1, 3, 6, 10, 11, 16) were chosen to provide 
geographical coverage of lowland England, with a 
comprehensive range of lowland farm types in 
which hedges were the predominant field enclosure.   
 
In all, 46 farms were sampled and 193 hedges were 
recorded.  To assess the landscape features, 
including the hedges, each 1 km square was visited 
and landscape features over the whole square were 
noted.  Five hedges in each square were recorded, 
with a detailed botanical survey of a central 20 m 
length in each being carried out.  Hedges on stock 
farms in the study tended to be taller than those on 
arable farms.  Arable farms and fields were on 
average larger (e.g. farms of 400 ha compared to 
350 ha) and had fewer hedges than on stock farms 
(63% fields hedged, compared to 70%).  Many more 
arable farmers had removed hedges (nearly 73%, 
compared to just under 40%).  Where hedges were 
retained, over 64% of farmers saw them as having 
visual amenity.  Nearly 74% of stock farmers 
retained hedges as a stock shelter, as did 40% of 
farmers who were predominantly arable. About 
38% of farmers gave wildlife as a reason for keeping 
hedges.  On average, the hedges surveyed had a 
verge under a metre wide, were on a bank (except in 
Land Class 11, tillage land of the east and central 
midlands), were about two metres high and had 
about 15 species of  herb in their verge and bank 
(per 20 m length). 
 
The study also identified two concepts of hedge: 
that of a ‘key’ hedge and that of an ‘ideal’ hedge.   A 
‘key’ hedge would be defined as one which by virtue 
of its position in space has an intrinsic value.  Parish 
Boundary hedges, for example, would come into 
this category.  These ‘key’ hedges may not, however, 
necessarily be of importance to wildlife other than 
providing a corridor for movement.  Attributes 
which give value to a hedge for wildlife and 
landscape are controlled by hedge management, so 

an ‘ideal’ hedge would be defined as one which is 
currently managed to maximise wildlife and 
landscape benefits.   
 
A hedge which is ‘ideal’ may not necessarily be a key 
hedge but a ‘key’ hedge can be made ‘ideal’ by 
improvement of its management.  These 
improvements would normally include increasing 
the size of the hedge itself, adding trees and 
maintaining a grass verge. 
 
The prime function of a hedge has always been as a 
stock barrier, so in examining the importance of 
hedges to farmers, the study looked at hedges for 
stock, shelter, game, trees, timber and field sizes.  
Public appreciation of hedges is the perceived 
benefits of wildlife, history and landscape and the 
study examined the hedges in relationship to birds, 
small mammals, invertebrates and plants as well as 
their use as corridors, and as historical and 
landscape features. 
 
The study concluded that desirable hedge 
management benefiting both wildlife and landscape 
should include:  
i. management to produce as large a volume of 

woody growth as is compatible with farming 
operations.  

ii. hedge bottom management to produce an 
herbaceous, grassy strip about a metre wide on 
either side.  

iii. hedge top management to allow sapling trees to 
grow. 

 
HEDGEROW MANAGEMENT 
ATTITUDE SURVEY 
 
A recent survey of hedgerow management was 
carried out by ADAS for MAFF (Britt et al. 2000), 
the main objective being to improve understanding 
of the attitudes of farmers and agricultural 
contractors to hedgerow management.  This 
incorporated postal surveys of farmers and 
contractors, and a follow-up survey with on-farm 
interviews and hedgerow assessments. 
 
This project found that most farmers trimmed 
hedgerows around arable fields in 
September/October or July/August, and hedges 
around grass fields or beside tracks in 
September/October or November/December.  
Relatively few hedgerows were trimmed in 
January/February.  Hedgerows adjacent to arable 
fields were more likely to be trimmed in late 
autumn/winter where the soil was light.  Although 
the majority of farmers thought that late 
autumn/winter was the best time to trim hedges, 
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problems with soil conditions or growing crops 
were cited as the main reasons for not doing so.   
 
Annual trimming of hedgerows to a box-shape, with 
a flail, was the management practice followed by a 
large majority of farmers.  Almost 80% trimmed 
most of their hedgerows annually, although only 
21% of farmers thought that this was ideal for 
maximising benefits to wildlife.  Fast growing 
species (e.g. ash), possible difficulties for hedge-
cutting machinery and the need to clear up debris 
were the main reasons for not adopting less 
frequent trimming, although farmers who already 
cut at two-yearly intervals or less frequently 
reported few problems. 

More than half of all farmers said that they always 
prevented drift from spray and fertiliser applications 
reaching hedgerows; but over 40% of farmers 
sometimes or always sprayed weeds in hedge-
bottoms. 
 
The survey found that most farmers and 
contractors see hedgerows as an asset.  Most 
farmers had made one or more changes in 
hedgerow management in the previous ten years, 
and most of these changes were positive, bringing 
management closer to environmental guidelines 
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INTRODUCTION 
 
The management of hedgerows has been carried 
out over the centuries in order to maintain their 
function.  Bannister and Watt (1994) provide a 
summary of hedge management methods through 
the ages, which varied with the age of the hedge, 
state of growth, function and local tradition.  The 
principle methods of management however, have 
been ‘plashing’ (laying), coppicing and trimming in 
various combinations and forms. 
 
These methods have been recorded and reported 
over the years in books such as those by Pollard et 
al. (1974), the British Trust for Conservation 
Volunteers (Anon., 1975), and Menneer (1994) and 
in a range of advisory leaflets and booklets e.g. 
those from MAFF (1980); ADAS (1980, 1986, 
1993); Farming and Wildlife Advisory Group (1983, 
undated); Countryside Commission (undated), 
RSPB (1988), and the hedge cutter manufacturer 
Bomford and Evershed Limited (undated). 
 
Whilst these books and advisory leaflets reflect the 
accumulated experience and expertise of many 
years, it is only relatively recently that much 
systematic research has been carried out. 
 
NEED FOR HEDGE MANAGEMENT 
 
Historically, hedges had the main function of 
retaining stock, but also defined boundaries, and 
provided shelter to stock and crops and sources of 
by-products such as fruit and coppice material.  
 
A survey by Hooper (1992) showed that farmers 
still regarded hedges as having the primary function 
of retaining stock, and over half those interviewed 
indicated they valued hedges for stock shelter.  
Although few hedges were still stock-proof and 
many were ‘back-fenced’, hedges were valued as 
visual barriers, which were thought to discourage 
stock ‘break-outs’.  Landscape value and visual 
amenity were valued by two-thirds of farmers 
interviewed, but only a third valued hedges for 
wildlife, and less than 10% mentioned benefits to 
game. 

 
Although farmers have  reported some concerns 
about hedges as a reservoir for weeds and pests 
(Macdonald 1984, Hooper 1992), a high proportion 
were found to be in favour of hedges, with the 
remainder neutral rather than against hedges. 
 
A study of farmers’ and contractors’ attitudes to 
hedge management carried out by ADAS for MAFF 
(Britt et al. 2000) involved postal surveys of farmers 
and contractors and ‘follow-up’ visits for further 
interviews and assessments of hedges.  It was 
reported that, for the farmers questioned, the most 
important factor in determining hedge management 
was the need to maintain a stock-proof barrier.  
Other factors mentioned, in order of importance, 
were farm tidiness, landscape value, stock shelter 
and wildlife. 
 
Oreszczyn and Lane (1999) interviewed farmers and 
found them all to be proud of their hedges, even 
though some would have been considered by many 
people to be of poor quality. 
 
In spite of these results, showing relatively positive 
feelings towards hedges, surveys  (Barr et al. 1991; 
Barr et al. 1994) report net losses in hedgerow 
lengths in England and Wales.  However the rate of 
hedge removal was shown to have declined over the 
survey periods (1984-1990 and 1990-1993), and the 
results of the CS2000 survey (Haines-Young et al. 
2000) indicate that the declines have been halted.  
There is even some evidence that losses in England 
and Wales in the early 1990s have been reversed.  
CS2000 found evidence for a gradual degeneration 
of woody linear features, as some hedges become 
remnant hedges and some of these, in turn, become 
lines of trees or shrubs. But, unlike the 1980s and 
early 1990s, restoration and management has largely 
counteracted these trends.  However, lack of 
management leading to the degeneration of hedges 
is still an issue. Over-management, associated with 
regular close trimming, has also been observed as a 
reason for hedgerow deterioration and loss.  
 
Hedgerow management has evolved from the 
understanding that repeated cutting of woody 
shrubs stimulates new growth, resulting in a bushy 
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structure and, where not managed, hedge shrubs 
will follow their natural inclination to grow into 
trees (Bannister & Watt 1994).  Hedgerow neglect 
and dereliction has been observed periodically 
through the centuries, as summarised by Chapman 
and Sheail (1994).  The decline in hedgerow quality 
and management standards over recent decades has 
been attributed to loss of agricultural function, 
continued hard mechanical trimming, intensification 
of agriculture, and the high cost of labour (Sturrock 
& Cathie 1980; Countryside Commission 1984). 
 
In the UK Biodiversity Habitat Action Plan for 
ancient and/or species-rich hedgerows (Anon, 
1995b), a target has been set to achieve ‘favourable 
condition’ for 50% of such hedgerows by 2005.  
The rejuvenation of hedgerows is encouraged in a 
range of agri-environment schemes across the UK. 
 
OPTIONS FOR HEDGE MANAGEMENT 
 
The main options for hedge management are laying, 
coppicing and trimming; with a variety of 
techniques available for each of these.  Although 
these methods have been recorded and reported 
over the years, it is only relatively recently that 
concerns about hedgerow decline and the need to 
recommend restoration techniques have prompted 
much systematic research. 
 
Farmers interviewed by Oreszczyn and Lane (1999) 
generally considered hedge management to be a 
peripheral activity to be carried out in quiet periods 
on the farm.  Although the farmers wanted neat and 
tidy hedges, they were also looking for ease of 
management. 
 
Hedge Cutting  
Helps (1994) reported that the usual method of 
managing hedges was trimming with a flail cutter.  
This was also the standard management method 
used by the farmers questioned in the more recent 
MAFF-funded farmers’ attitude survey (Britt et al. 
2000), although Oreszczyn and Lane (1999) 
reported that the general public tend to dislike 
mechanical trimming. 
 
The effects of mechanised cutting on the short term 
re-growth of hawthorn hedgerows has been studied 
by Semple, Dyson and Godwin (1994), over a three 
year period in farm hedges in Bedfordshire.  The 
study concluded that flail cutters inflict more 
damage to hawthorn branches (of less than three 
years old) than a finger bar cutter or circular saw 
but that increasing the cut damage produces some 
beneficial effects i.e. it ‘pushes’ the position of new 
shoots further from the cut end, and may slightly 
increase the number of new shoots.  The effect of 

repeated mechanical cutting of hedgerows and the 
effects on older and thicker wood require further 
work, however. 
 
Bannister and Watt (1994 and 1995) investigated the 
effects of season and position of cutting on the first 
two years’ growth of a newly planted hawthorn 
(Crataegus monogyna) hedge.  They found that the 
combination of both vertical and horizontal cutting 
increased shoot length the following season, but 
vertical cutting alone decreased mean shoot length. 
A vertical cut in summer (August) increased thorn-
tipped shoot numbers in the following growing 
season compared to a vertical cut in winter 
(February), although the latter resulted in longer 
shoots.  Thus the type and time of cut will 
determine whether emphasis is given to a thornier 
hedgerow, or to one with longer bud-tipped shoots.  
However, it was pointed out that this work was 
carried out on juvenile plants with the treatments 
imposed for only two years, and the long-term 
effects of continuing the cutting regimes are 
unknown.  
 
The same study also examined the effect of 
different cutting regimes on established hawthorn 
hedges in lowland England, and concluded that, as 
severe cutting decreased hawthorn shoot growth the 
following year, hawthorn hedges are probably best 
rejuvenated by gapping up with young plants.  It 
was found over the three years of the study that an 
annual flail did not retard subsequent growth, but it 
was stressed that a longer-term assessment was 
needed.  The study suggested that where a dense, 
compact hedge is required, a late summer cut is 
preferable, but this conflicts with the winter timing 
generally recommended for wildlife conservation. 
 
A MAFF-funded project to provide guidelines for 
hedge management to improve the conservation 
value of different types of hedgerows, was started 
by IACR Long Ashton in 1996 and reported by 
Marshall et al. (2001a) and Marshall et al. (2001b).  
Part of this study investigated the effect of timing of 
cutting on berry production, noting that berries are 
an important food supply for many overwintering 
birds and other animals.  It was found that, as most 
woody hedge species produce berries on 2nd year 
growth, a biennial or triennial cutting frequency 
leads to better fruiting than annual cutting.  The 
timing of cutting was also found to be important, 
with February cutting allowing berries from the 
previous autumn to be carried into the winter.  
There was also some suggestion that cutting in 
September, when compared with February, could 
reduce bramble fruiting. 
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The effects of the timing and frequency of cutting 
on insects varied with the insect taxa studied, 
(Marshall et al. 2001a; Marshall et al. 2001b).  Some 
taxa, such as psyllids, thrived best, in uncut sections 
of hedge, while others (e.g. Collembola) were more 
abundant in cut sections.  Cutting in February was 
found to reduce populations of Lepidoptera, and 
possibly Diptera, when compared with cutting in 
September.  The results concerning berry 
production and insect abundance lead the authors 
to recommend that not all the hedges on a farm be 
cut at the same time and that a relaxation from 
annual cutting would benefit biodiversity, (Marshall 
et al 2001b). 
 
Increased hawthorn berry yields from reduced 
hedge cutting frequency were also demonstrated at 
a farm scale by Croxton and Sparks (2002).  
 
Britt et al. (2000) reported that many English 
farmers were aware of the management currently 
considered to be best practice, but few actually 
followed this guidance.  It was found that 79% of 
the farmers questioned trimmed their hedges 
annually.  Reasons for avoiding a longer rotation 
included the possible inability of flail trimmers to 
cope with thicker wood, the need to clear cuttings 
and a perception that costs would probably be 
greater.  Of the hedge trimming contractors 
questioned, 94% answered that they cut most of 
their clients’ hedges annually.  The timing of cutting 
varied, with most hedgerows around arable fields 
cut in the period July to October and most around 
grass fields cut between September and December.  
Although most farmers recognised that current 
advice was to trim in the period November to 
February, they felt that this was impractical, due to 
wet soils or the presence of growing crops.  
 
Oreszczyn and Lane (1999) found that the farmers 
they contacted preferred small, neatly trimmed 
hedgerows, believing this to be a sign of care.  
However, they also found that members of the 
public and experts in hedgerow management both 
viewed harsh mechanical cutting as detrimental to 
wildlife (Oreszczyn & Lane 1999, 2000). 
 
Traveller’s-joy, or old man’s beard (Clematis vitalba), 
is a woody climbing shrub capable of smothering 
hedges.  Britt (1994) examined methods of 
controlling the plant and concluded that differing 
methods of mechanical trimming had no clear 
short-term effect on C.  vitalba abundance.  
However, severing the stems at the base and 
treating the stumps with glyphosate gave effective 
control and a consequent improvement in hawthorn 
vigour.  The use of different herbicides, the timing 
of application and the effects on different habitats 

were investigated by Clay and Dixon (1996).  
Imazapyr was found to be the most effective 
herbicide of those investigated when applied to cut 
stumps; however this herbicide is no longer 
available.  Applying herbicide to growing plants and 
the effects on non-target plants were also 
considered and the cereal herbicide tribenuron-
methyl (with the adjuvant ‘Agral’), applied in July, 
was suggested as a potential selective treatment in 
hedges.  It should be noted, however, that such use 
is not currently approved. 
 
Hedge Planting/Replanting 
Another survey funded by MAFF illustrated how 
the reasons for hedge establishment have changed 
since the days of the enclosure of land (Bickmore 
2001).  A postal study, followed by interviews, 
carried out as part of this project, found that hedges 
on farms are established for a variety of reasons, 
including aesthetics, grant availability, livestock 
shelter and wildlife. 
 
Although 56% of farmers surveyed gave wildlife as 
a reason for establishing new hedges, there was little 
knowledge of how to maximise the value to wildlife 
– for example by choice of location or species. 
 
Oreszczyn and Lane (1999) found that many 
farmers considered that planting or restoring hedges 
provides benefit for future generations. 
 
The idea that mixed species hedges are of more 
benefit to wildlife than single species lines is long 
established.  This has been recently reaffirmed by 
Hayes et al. ((2001); Marshall et al. (2001a); Marshall 
et al. (2001b); and Chamberlain et al. (2001). 
 
A bank-top hedge planting trial by Asteraki et al. 
(1994) compared the establishment of hawthorn 
and blackthorn (Prunus spinosa), and examined the 
effect of fertilisers and peat mulch in harsh 
conditions and poor soils in mid-Wales.  Overall 
mean survival was high, but hawthorn had higher 
survival than blackthorn in all treatments.  Fertiliser 
treatments gave lower survival than the controls, 
possibly because of rapid grass growth on the bank 
tops. 
 
Methods of repairing gaps in over-managed 
hawthorn hedges and establishing new hedges have 
been investigated by Henry (1993) and Henry et al. 
(1996) in Northern Ireland.   Treatments applied 
were watering, fertilising with composted farmyard 
manure and replacing the soil, as well as an 
untreated control.  Weed control using herbicides 
and hand weeding were used on all treatments.  
They found no significant increases in either the 
height or stem diameter among the four treatments, 
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but the watered treatment displayed higher survival 
of quicks than the control.  However the three 
months immediately post planting were much drier 
than average.  The results did not support the 
concept of ‘thorn sickness’, a hypothesis which 
suggests that the soil in hawthorn hedges needs to 
be replaced if establishment of new quicks is to be 
successful.  The authors also found that three-year-
old ‘2+1’ hawthorn transplants performed better 
than the larger, four-year-old ‘2+2’ plants.  Severe 
pruning, to 75 mm height, a few months after 
planting, produced significantly longer side shoots 
and did not impair survival.  Planting at 45 degrees, 
as recommended by some authorities, did not 
produce significantly more side growth.  This was 
considered to be a less practical option than upright 
planting, due to factors such as potential 
smothering with weeds and time required for 
planting. 
 
The provenance of hawthorn plants has been found 
to produce significant differences in growth rates, 
morphology and disease resistance.  Jones and 
Evans (1994) found that native Welsh hawthorn 
planted in mid-Wales grew faster; had a more 
appropriate morphology, including greater 
bushiness and thorniness, and was less prone to 
hawthorn mildew than Hungarian hawthorn. 
 
Further work was carried out in mid-Wales, as part 
of a MAFF project, by the Institute of Grassland 
and Environment Research and ADAS (IGER 
2000).  It was found that hawthorns of local 
provenance established and grew better in Wales 
than Eastern European types.  Significant growth 
differences were still seen 5 years after planting.  
Fencing was found to be imperative on the upland 
sites in this project, to prevent newly planted hedges 
being grazed.  In the lowland sites grazed hedges 
survived more readily, but growth was reduced and 
the resulting hedge may not have been stock-proof. 
 
With regard to provenance, Hayes et al.  (2001), 
drawing on the above study, differentiated between 
upland and lowland hawthorn ecotypes.  They 
suggested that growth and wildlife value are 
enhanced if the ecotype is matched to the site. 
 
Research into the establishment of trees in 
hedgerows (Hodge 1990) has shown that planting 
transplants in tree shelters is generally the most 
effective and economic means of establishing trees 
in hedgerows.  It was found that the use of natural 
shoots and saplings is generally unacceptable and 
impractical.  The report recommended utilising 
natural gaps or cutting notches in the hedge, and 
controlling weeds by plastic sheet mulch or careful 
use of herbicides.  The project also found that, for 

new hedge establishment, both height and stem 
diameter growth of hawthorn were significantly 
greater with plastic sheet mulch than with either no 
weed control or chemical weed control.  
 
A study in Wales, by Wildig et al. (1994), evaluated 
the effects of three types of weed control on the 
survival and growth of a newly planted hawthorn 
hedge.  It was found that mulching slightly 
enhanced the growth of young hawthorn plants; 
whereas propyzamide had no discernible effect, and 
glyphosate had an adverse effect on growth and 
survival of hawthorn (although the latter was 
presumably due to some inadvertent contact with 
the hawthorn transplants). 
 
Henry (1993) suggested that black polythene was 
the most appropriate method of weed control, 
when compared with propyzamide during a study of 
hedge establishment in Northern Ireland.  It was, 
however, thought that severely waterlogged sites 
may remain wet under the plastic, and may become 
anaerobic.  The plastic may also become covered in 
leaf litter, so delaying or even preventing its 
degradation. 
 
The use of polythene mulching was considered to 
be highly cost effective for the first 3 years after 
planting in the Welsh ESAs field margins and 
hedges project (IGER 2000).  Not only were weeds 
controlled, but the soil was warmed and moisture 
was conserved, giving a 320% greater height 
increment in mulched hedges when compared with 
non-mulched lines.  The results of this work suggest 
that the benefits of mulching are less discernible 
after three years and that, at this stage, the 
polythene should be removed to allow the ground 
flora to develop. 
 
Further work on establishment techniques for 
hedges was carried out for MAFF by Catherine 
Bickmore Associates (1999).  The objectives of this 
study were to undertake a representative survey of 
new hedges in England and Wales and compare the 
success rates of different establishment techniques.  
This work found that by their fourth season most 
hedges had established.  In the first three seasons, 
enhanced growth was positively associated with 
bare earth and weed control, but thereafter there 
was little difference.  The dilemma of the need to 
control weeds to enable good hedge establishment 
whilst trying to develop, or maintain, a good hedge 
ground flora for wildlife is acknowledged.  It is 
suggested that by the fourth growing season 
competition is less likely to be a problem, so weed 
control should cease, allowing perennial grasses and 
herbs to develop for the benefit of wildlife.   
 



HEDGEROW MANAGEMENT AND COSTS 

HEDGEROW MANAGEMENT AND WILDLIFE       16

The same study found that growth was suppressed 
by perennial grasses, and by locations on clay soils, 
old hedge banks and under trees.  Growth rates 
suggested there was little benefit of using plants 
over 400 mm or under 300 mm in size, but it was 
pointed out that the sample was small.  Aggressive 
weeds and browsing mammals were some of the 
main causes of gaps in newly planted hedges.  A 
large proportion of hedges had a gappy basal 
structure, partly related to the use of tree guards.  
More bushy structures were associated with 
pruning.  Just under a quarter of hedges had a poor 
overall assessment with lack of after care, weed 
suppression and browsing being contributing 
factors.  Cultivation and weed control were 
associated with well established hedges.   
 
Hedge Laying and Coppicing 
Reif et al. (2001) describe coppicing on an 8 to 20 
year cycle as a low cost maintenance operation, 
which is still one of the major management 
techniques used in Europe.  Britt et al. (2000) 
reported that over half of the farmers who 
responded to their postal survey had laid hedges in 
the previous five years and 21% of the farmers 
questioned had coppiced hedges. 
 
Henry, Bell and McAdam (1994) have examined the 
effects of laying, pollarding and coppicing with 
gapping up, as restoration strategies, on the flora 
and fauna of overgrown hedges.  However there 
appears to have been little recent work examining 
the effects of these techniques on the structure of 
the hedge, although a MAFF-funded experiment at 
ADAS Drayton (Stratford-upon-Avon, 
Warwickshire) did consider this. The results of this 
experiment emphasised the difficulties of 
replanting, but indicated that coppicing can lead to 
rapid and successful regeneration of a hedge, 
particularly where blackthorn (which suckers readily 
- filling up gaps in the hedge) is a significant 
component of that hedge (Britt et al. 1996).   
 
Marshall et al. (2001a) found that insect numbers in 
hedges increased significantly after laying. 
 
McAdam et al. (1996) investigated the effect of 
different restoration strategies (coppicing, laying 
and pollarding) on the diversity of hedgerow 
ground flora.  Coppicing significantly enhanced the 
diversity of the flora for the first two years after 
cutting.  The subsequent decline in species richness 
was thought to be due to shading, and the authors 
therefore suggest that regular trimming of the sides 
of the hedge may be necessary to maintain a diverse 
flora.  They further point out that such management 
may restrict the hedge’s usefulness as a stock-proof 
barrier or as a provider of shelter. 

Hedge-Bottom Vegetation 
Where fertiliser and herbicide drift, and cultivation 
is too close to the hedge, the hedge-bottom 
vegetation is commonly impoverished in terms of 
species richness, and may become a potential source 
of pernicious weeds. 
 
Britt et al. (2000) found that over 40% of farmers 
who responded to their attitude survey sometimes 
or always sprayed weeds in hedge bottoms.   More 
than half of the respondents said they always 
prevented sprays and fertilisers contacting 
hedgerows, while 9% said they never did this. 
 
Whilst there have been various studies addressing 
the management of the boundary strip and crop 
margin, work on the actual hedge-bottom 
vegetation is limited.  Dunkley and Boatman (1994) 
investigated two options, natural succession and 
sowing various grasses, for restoring the hedge-
bottom.  Their preliminary results demonstrated 
that non-intervention can be an effective, if slow, 
option for restoration of perennial hedge-bottom 
vegetation.  However there may be some trade-off 
between species diversity and weed control.   
 
McAdam et al. (1994c) addressed the grassland 
situation, where increased sheep densities have led 
to restricted re-growth of managed hedges and 
reduced associated hedgerow flora diversity.  Their 
study showed that protection from intensive grazing 
and fertiliser application was necessary to conserve 
the wildlife value of the hedge-bottom, but that 
there is little to be gained from fencing more than 
one metre from the hedge-base. 
 
IACR, as part of the hedge management project 
reported by Marshall et al. (2001a) investigated 
techniques for improving the conservation value of 
species poor, weed dominated hedge-bottom flora.  
Treatments included the use of selective herbicides, 
cutting and fertiliser exclusion, and sowing an 
appropriate seed mix.  It was demonstrated that 
reducing fertiliser deposition in hedgerows is useful 
for maintaining plant diversity.  Resowing of hedge 
bases in arable areas was found to enhance plant 
diversity more significantly than fertiliser 
management.  However, the establishment of sown 
vegetation in hedge bottoms in grassland was 
poorer than that in arable areas.  In such grassland 
situations it is suggested that resowing may be a less 
practical and therefore a less effective method of 
restoration than in arable areas. 
 
This project also showed that selective herbicides 
may be valuable in aiding the restoration of heavily 
weed infested sites, but that exclusion of fertilisers 
and cutting can also be beneficial in controlling 



HEDGEROW MANAGEMENT AND COSTS 

HEDGEROW MANAGEMENT AND WILDLIFE       17

weeds, notably cleavers (Galium aparine).  Such 
treatment of hedge-bottoms with herbicide also 
increased the species diversity of true bugs 
(Heteroptera).  There may, thus, be both ecological 
and agronomic benefits of such management, 
although it is pointed out that other weeds, such as 
common nettle (Urtica dioica) are known to be 
beneficial to insects. 
 
Autumn cutting of the hedge bases was found to 
reduce the abundance of many taxa of invertebrates, 
(Marshall et al. 2001a).  It was suggested that spring 
cutting, combined with removal of cut vegetation, 
could be the most beneficial strategy for plants and 
invertebrates, but doubts were raised as to the 
practicality of such an approach at the farm level. 
 
COSTS OF HEDGE MANAGEMENT 
 
The costs of hedge management have been subject 
to only limited research until recently, although 
there are a number of cost guides published that 
rely on informal survey.  Nix (2003), for example, in 
the annually produced Farm Management Pocketbook, 
provides a guide to the cost of flail hedge trimming, 
hedge laying, coppicing and planting.  The data are 
provided by the Farming and Wildlife Advisory 
Group (FWAG), from sources that include county 
FWAG personnel, local authorities and the British 
Trust for Conservation Volunteers.   
 
Conservation advisers from various organisations 
usually have a good awareness of local costs, but 
these are rarely published. 
 
Books on hedge management may include costings 
applicable at the time of publication.  The British 
Trust for Conservation Volunteers (Anon. 1975) 
quotes costs for planting and managing a new 
hedge, and for managing a mature hawthorn hedge.  
These costs were based on those given by Pollard et 
al. (1974) together with information obtained from 
hedging contractors.  Maclean (1992) provides 
actual examples of costed hedge planting schemes.  
 
Cobham (1983), in discussing the Economics of 
Vegetation Management, provides data on the time 
inputs required for various hedge management 
operations including laying and trimming to 
different shapes.  He points out that the cost can 
then be calculated to reflect whether the work is 
undertaken by permanent, contract or voluntary 
labour. 
 
The cost of  implementing the Habitat Action Plan 
for ancient and/or species rich hedgerows within 
the UK Biodiversity Action Plan (BAP) was 
estimated as £1.7M per annum in 2000, rising to 

£3.0M per annum by 2010.  This would be in 
addition to the current public expenditure on 
hedges, estimated to be £2.5M per annum in 2000 
(as reported in Mills, Winter & Powell 2000).  Mills 
et al. (2000) also estimated that within their study 
county of Devon, implementation of this BAP 
would generate 27 new contractors jobs, along with 
extra jobs on farms (5.6), in supply industries (5), 
and in training (0.9).  Hedge by-products and an 
increase in tourism would also generate more 
income from hedge restoration. 
 
Mills et al.  postulate that the expenditure suggested 
will meet 60% of the costs at the farm level, as 
hedge trimming will not be included.  It is therefore 
concluded that the cost to the farmer of retaining 
and maintaining species-rich hedges is more than 
the financial benefits.  Taking into account the 
factors above, it is estimated that the annual on-
farm benefits of well-maintained species-rich 
hedges in Devon range from £230 to £412, while 
the costs range from £1,305 to £1,661.  
Furthermore, the authors suggest that the costs 
quoted to implement the BAP would be insufficient 
to meet the Plan’s target in Devon. 
 
Semple, Bishop and Morris (1994) assessed the 
impact on farm incomes of making changes to 
hedge management regimes to benefit the 
environment.  Their research identified the cost of 
existing management practices for four common 
hedge types, and investigated the impact of 
changing those practices on cropped area, yields, 
and regular farm labour and machinery 
requirements.  These findings were applied to three 
farm models to demonstrate the economic effect of 
changing hedgerow management practices in 
different farming systems.  The study demonstrated 
considerable extra annual costs (including loss of 
cropped area and yield, and a greater number of 
hedge trimmer passes) when changing the 
management of the most common hedge type (one 
metre high, trimmed annually) to produce a more 
environmentally beneficial hedge, which is taller and 
wider.  The inclusion of a verge also substantially 
increases the costs to the farmer. 
 
This study was part of a wider contract report to the 
Department of the Environment (Hooper 1992) 
which also identified the typical costs of hedge 
laying and coppicing, and their typical annual costs 
when amortised over a 20 year cycle.  The report 
also refers in general terms, to the savings in costs 
achieved by hedge removal.  These savings are 
greatest where field size is small, and indicates the 
optimum as a square field of approximately 20 
hectares. 
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Research on the economics of sustainable hedge 
cutting was commissioned by the Devon Hedgerow 
Group, and carried out by Silsoe College (Semple et 
al. 1995).  This looked at the economic implications 
for the farmer of moving from annual flailing of 
hedges. Alternative management methods 
considered were: raising the height of cutting each 
year (incremental); incorporating trees into the 
hedges at 50 metre intervals; trimming the top every 
three years and the sides annually (3 + 1); and 
trimming the entire hedge back to its original size 
every three years.  Four farm models were used to 
demonstrate the effect of these management 
practices on different farming systems; three were 
typical of Devon, and one of the arable Midlands.  
 
The estimated annual direct costs of cutting a hedge 
every three years is less than half the cost of an 
annual cut.  The 3 + 1 option also showed savings 
over an annual cut but the other two options were 
more expensive.  The alternative management 
systems also had productivity impacts, with wider 
hedges reducing the field area in production, and 
taller hedges creating shade that reduces crop yield. 
In the Devon farm models, if the hedges comprise 
species with a slow growth rate, the combined 
productivity and direct annual costs are in general 
lower for the 3 + 1 and three yearly systems than 
for the annually trimmed hedge. For the Midland 
farm model, these two systems showed only a small 
increase in costs. The incremental system, due to 
the large hedge size, is the most expensive option 
independent of farm type and hedge growth rate.  
Leaving hedgerow trees also increased costs.  Where 
gross margins are large, as with arable and dairy 
farms, and/or the hedge growth rate high, then the 
3 + 1 option was found to be the most cost 
effective way of enhancing the environmental value 
of the hedges.  However, costs were not always less 
than for the standard, annually trimmed hedge.   
 
The effect of boundary features at the field margins 
on yields of winter wheat was examined by Cook 
and Ingle (1997), and this showed that aspect was a 
major factor in the yield effects, with the height and 
species composition also being important. The 
greatest yield reductions, and thus cost, were 
associated with an east or north facing tall (> 2m) 
hedge.  Other estimates of cost are given by Helps 
(1994) and Doubleday (1994). 
 
Marshall et al. (2001a) collected data on crop yields 
and times taken to trim hedges.  The authors state 

that whilst these data provide useful insights they 
require validation on a greater range of hedges.   
They found no significant effect on grass or cereal 
yield when relaxing cutting regimes. By changing 
from annual to biennial or triennial cutting it is 
suggested that 40-50% of cutting time can be saved.  
This, coupled with the yield results, leads the 
authors to suggest that there are cost advantages in 
switching from annual to less regular trimming. 
 
All these studies show a reduced annual direct cost 
of biennial or triennial cutting compared with an 
annual cut.  The overall cost to the farm has been 
shown to vary with the farm and hedge types.  This 
overall cost will be sensitive to variations in the 
gross margins of the enterprises i.e. the value of 
crop or livestock produce, less the direct variable 
costs of production. 
 
The vast majority (98%) of contractors questioned 
as part of the survey by Britt et al. (2000) used 
hourly rates as their main charging method, with the 
average charge being £14.10 per hour.  The farmers 
questioned in this project thought that the financial 
aspects of hedge management were very important.  
There were, however, differing views on the relative 
costs of annual, biennial or triennial trimming.  
Grants were welcomed and 48% of farmers said 
they would be ‘very likely’ to carry out work such as 
coppicing, laying, planting or gapping if more grant 
were available. 
 
The survey of farmers carried out in the hedge 
establishment study by Catherine Bickmore 
Associates (1999) found an average price to 
establish a hedge of £4.48/metre, including plant 
protection.  Planting and labour averaged 
£2.55/metre, with fencing on both sides of the 
hedge at £4.20.  Economies of scale were shown in 
the cost of all materials.  The balance between the 
cost of providing fencing or tree guards was related 
to plant density, with relatively little difference 
between the two costs at seven plants per metre for 
lengths over 1,000 metres. Typical contractor costs 
for hedge planting were found to range from 
£2.44/metre at four plants per metre with no 
protection to around £19/metre for seven plants 
per metre using spiral guards and livestock fencing.  
The report commented that little information was 
available on the costs and times required to 
establish a hedge. 
 



PLANTS AND HEDGEROWS 

HEDGEROW MANAGEMENT AND WILDLIFE       19

 
 
 
 

PLANTS AND HEDGEROWS 
 
Colin Barr 
Barr Ecology Limited, Lilac Cottage, Oxen Park, Ulverston, Cumbria. LA12 8HG 
 
 
This section is the first in a series which considers 
the effects of hedgerow management and adjacent 
land use on different groups of organisms (taxa).  In 
this section, the literature relating to aspects of 
hedgerow vegetation is reviewed and includes the 
hedge itself and its component woody species, the 
hedge-bottom flora and the immediately adjacent 
field margins. 
 
IMPORTANCE OF HEDGEROWS FOR 
PLANTS 
 
There are various perceptions on the importance of 
hedgerows for plants and these vary between 
commentators.  In a study of lowland farms in 
England (Hooper 1992), about one third of farmers 
mentioned wildlife when asked about the value of 
hedges, but attitudes towards the vegetation 
associated with hedges is variable in the farming 
community.   Many farmers see hedgerow plants, 
including some of the woody species, as unwelcome 
weeds, this despite the work of Marshall and others 
which shows that relatively few hedgerow species 
are to be found in the adjacent fields (see below 
under ‘Adjacent land use and field margins’).  The 
general public appear to have a more positive 
appreciation of hedgerow plants (Hooper 1992), but 
this may be limited to vegetation along roadside 
hedges and banks, which is often different to that 
between fields (e.g. Wilmot 1980).   Natural 
historians and ecologists see the importance of 
hedgerows for vegetation in its own right (e.g. 
Bunce & Hallam 1991) and also as an essential 
habitat for fauna.   
 
A good introduction to the ecology of hedgerows, 
including their importance to plants, is included in 
Dowdeswell (1987).  Other references which 
highlight the importance of hedgerows include 
Hooper (1970a), Terrason and Tendron (1981) and 
Spellerberg and Gaywood (1993). 
 
Of the research carried out on hedgerows, studies 
of the vegetation are relatively few (Boatman et al. 
1994).  After a period of relatively little research on 
hedgerows (see ‘Background and Introduction’), 
several projects have been completed in the last  

decade, including those of McAdam’s group and 
Hegarty in Northern Ireland e.g.. McAdam et al. 
(1994a); Hegarty et al. (1994); Elton, at Kingcombe 
Meadows Nature Reserve, Dorset, where the 
estate’s hedgerow network has remained largely 
unchanged since c. 1840 (Elton 1994); and work at 
the University of Reading’s farm at Sonning, where 
a hedge has been established and is being monitored 
in terms of value as a wildlife habitat, the effect of 
the hedge on the neighbouring crops and the effect 
of the crop management on the hedge e.g. 
Walsingham and Harris (1994). 
 
Hedgerows as a habitat for plants 
The most recent estimates of the length of 
hedgerows in Great Britain is c. 450,000 km and, 
after a period of decline (at the rate of about 18,000 
km per annum between 1984 and 1990; Barr et al. 
1993), this network is now relatively stable in terms 
of net change (Haines-Young et al. 2000).  Much of 
the earlier losses were said to be due to lack of 
management of existing hedgerows, such that they 
became either rows of trees or stunted bushes.   
 
Webb (1985) estimated that hedgerows occupy an 
area three times that of deciduous woodland in 
Ireland.  If a similar calculation is made for Great 
Britain, the author estimates that the area of 
hedgerows might amount to about half that of 
broad-leaved woodland.  Carlisle (1990) showed 
that 60% of broad-leaved trees in Northern Ireland 
are to be found in hedgerows, while results from a 
countryside survey in 2000 give an estimate of 
about 1.8M ‘hedgerow trees’ in Great Britain.  
Hooper (1992) suggested that, despite reported 
increases of non-woodland trees, the farmland stock 
of trees for timber is in decline, due to factors such 
as Dutch Elm disease, pesticides, fertilisers, soil 
management, acid rain (Forestry Commission 1991), 
and probably the replacement of these trees is being 
hindered by the use of flail mowers when sapling 
trees are present. 
 
Clearly, hedgerows still constitute a large area of 
habitat for trees, hedgerow shrubs and ground flora, 
and provide a range of substrates and niches for 
plants and animals greater than in surrounding 
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fields (Forman & Godron 1986) and especially for 
forest-edge species (Forman 1995).  However, it is 
not appropriate to consider any of the component 
parts of the hedgerow system in isolation.  Several 
studies (e.g. Hegarty & Cooper 1994; Cummins & 
French 1994) have shown that there is a positive 
correlation between the species diversity of shrubs 
in the hedge itself and diversity in the hedge-bottom 
flora.  In agreeing that structurally diverse hedges 
support more species-richness, Spellerberg and 
Gaywood (1993) point out that this may not always 
be the ultimate goal. 
 
Some five or six hundred plant species have been 
recorded in hedgerows, but only about half of these 
are sufficiently frequent to be thought of as 
hedgerow plants and practically all of them are 
found in other habitats such as woodland or 
grassland (Pollard, Hooper & Moore 1974) but in 
available studies, Forman and Godron (1986) say 
that no plant species is known to be limited to 
hedgerows; all species are found in nearby habitats.  
However, Hooper (1987) claims that the Plymouth 
pear (Pyrus cordata) is confined entirely to 
hedgerows.  Of the c. one third of Britain’s native 
plant species that have been recorded as occurring 
in hedgerows, only about 200 species occur 
sufficiently frequently to be regarded as hedgerow 
plants (Hooper 1968a).  The Countryside Survey 
1990 recorded over 40 species of woody shrub and 
about 270 herbaceous plants in almost 1,000 ‘hedge 
plots’ (Barr et al. 1993).  At a more local, but 
comprehensive, level, the Cornish Biological 
Records Unit (CBRU) hedgerow check list has 872 
species and sub-species of plants and ferns, of 
which 518 are native, 32 being scarce, and 13 Red 
Data Book species (Menneer 1994).  The NCC 
(1970) described 250 flowering plants and ferns as 
being recorded from hedgerows in Britain. 
 
The relative importance of hedgerows for the 
conservation of these species is known only in 
general terms.  Hooper (1968a, 1992) claims that a 
reasonable estimate is that the removal of all 
hedgerows would affect the total population of 20 
species of plant very seriously, a further 20 species 
quite seriously and another 20 species to a 
significant extent.  Further evidence of the 
importance of hedgerows to floristic diversity 
comes from the ITE/DOE study on the Ecological 
Consequences of Land Use Change (Bunce 1993) 
and the Countryside Survey 1990 (Bunce et al. 
1994).  Plots from linear features recorded in 1978, 
and again in 1990, showed that linear features 
contained a high proportion of all the plant species 
recorded in sample 1 km squares.  Hedgerows and 
verges contributed most diversity in the lowlands, 
whilst in the uplands streams were more significant.  

In the Countryside Vegetation System classification 
(Bunce 1999), 75% of the 565 (10 x 1 m) hedgerow 
plots recorded in Countryside Survey 1990 occurred 
in only eight of the 100 CVS classes, although there 
was some representation of ‘hedge plots’ in 29 of 
these classes (Baudrey & Bunce 2001). 
 
Of those occurring in the eight classes, 40% were in 
classes characteristic of highly disturbed and fertile 
hedgerows and field boundaries, the majority of 
which were associated with cropped fields. Another 
13% were classified as relatively species rich in the 
west of England. 
 
Barr et al. (1994) have described a period of 
hedgerow loss in Great Britain between 1984 and 
1990.  Hooper (1992) questions whether these 
losses are of importance to the conservation of 
plants in a wider context and suggests that this 
depends upon the relative abundance of individuals 
of these species.  For example black bryony (Tamus 
communis) is much more abundant in a number of 
habitats than, say, barberry (Berberis vulgaris) and, 
although a large proportion of individuals occur in 
hedges, hedge removal may not be as significant for 
this species as for barberry.  In fact, the removal of 
hedges is unlikely to make any species extinct 
except, perhaps, Plymouth pear or one of the 
‘micro-species’ of blackberry, rose or elm (Rubus, 
Rosa or Ulmus).  In a few cases the removal of 
hedges might lead to the extinction of a species 
within a limited area such as an English county.  
This applies to species such as wild liquorice 
(Astragalus glycyphyllos), lesser periwinkle (Vinca minor) 
or wild service-tree (Sorbus torminalis) which are 
local, or to species common enough in one area but 
rare in another, like goldenrod (Solidago virgaurea), 
which is rare in the south-east, or wayfaring-tree 
(Viburnum lantana), which is rarer in the north.  The 
main plant species found in hedges are apparently 
common in a number of other habitats and 
although removal of all the hedges in the country 
might cut the total population by up to 75% 
(Hooper 1987) one would still not have to travel 
very far to see an example, say, of oak (Quercus 
spp.), ash (Fraxinus excelsior) or blackthorn (Prunus 
spinosa).   
 
Greaves and Marshall (1987) suggest that in 
defining the conservation objectives of a field 
margin, different species of plants and animals have 
different habitat requirements, which are often 
exacting and may conflict with each other.  
Nonetheless, the conservation interests are best 
served by those field margins which have the 
greatest species diversity of woody and herbaceous 
plants.  This is achieved where a multiplicity of 
micro-habitats is present and where robust, 
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dominant herbaceous plant species are discouraged.  
As animals are dependent on plants, many being 
very specific in their requirements, the diversity of 
animal species varies with the diversity of plant 
species. 
 
The ‘quality’ of the vegetation in hedgerow habitats 
is said to be declining.  Boatman and Theaker 
(1993) have documented a steady deterioration in 
the quality of the herbaceous vegetation in many 
arable field boundaries, from a mixture of tussocky 
grasses and perennial herbs, to flora composed 
largely of aggressive weedy species.   
 
A similar pattern emerges from analysis of the 
Countryside Survey 1990 data (Barr et al. 1993), 
which showed an increase in plants typical of 
intensive grassland systems, at the expense of 
woodland and meadow species between 1978 and 
1990. 
 
The same study showed that there has been a 
significant decline in the diversity of hedgerow 
ground flora species in the pasture-dominated areas 
of Great Britain (Barr et al. 1993).  Hooper (1968a) 
pointed out that little was known about regional 
extinctions of species and the same is largely true 
today, although knowledge about local flora is 
expanding, due to the activities of local Wildlife 
Trusts and others. 

Species complement 
Hedgerow vegetation is frequently described as 
varied, primarily because of differences in hedgerow 
origin and management (Delelis-Dusollier 1973; 
Roze 1981).  The same is not true of all hedgerows: 
Tybirk et al. (2001) say that their research clearly 
show that there are no indications that today’s 
average Danish hedgerow should be considered as 
important habitat for species of either regional, 
national or international conservation interests.  A 
high species diversity in hedgerows is not only 
valuable as a refuge for different species, but also 
for the ecological processes in a system.  The total 
species diversity is valuable for the hedgerow to 
work as a functioning ecological system (Sarlöv 
Herlin 2001).  
 
Several authors have listed the ways in which 
hedgerows have been formed and the historical 
aspects are largely covered in Section 2 of this 
review.  However, it is worth noting that, in broad 
terms, hedgerows were: 
 
i. formed during clearance of ancient woodland 

as strips left between newly created fields or 
pastures (assarted) (e.g. Pollard 1973), 

 

ii. created spontaneously as a result of stone 
clearance from fields which created stone 
banks in which shrubby species grew 
(“accumulated over hundreds of years at the distance a 
person can throw a stone during cultivation of the 
field”) (e.g. Reif 1983), 

 
iii deliberately planted, often as a single species 

and usually hawthorn (Crataegus spp.), 
especially at the time of the Enclosures Acts 
(Muir and Muir, 1987, state that in the period 
1750 to 1850 hedges were planted at the rate 
of about 2,000 miles each year).  
Internationally, planted hedgerows are usually 
dominated by a single species such as 
hawthorn or cypress (Cupressus spp.) in Europe, 
or Osage orange (Maclura spp.), pine (Pinus 
spp.) or willow (Salix spp.) in parts of the USA 
(Forman & Godron 1986). 

 
Hedges originally assarted (cut out) from ancient 
woodland tend to be the most botanically diverse 
(Pollard 1973; Cameron & Pannet 1980).  Greatest 
benefit to wildlife will come from allowing these 
botanically diverse hedgerows to expand (Deane 
1989; Forman & Godron 1986). 
 
The subsequent development of the hedgerow, and 
changes in plant species diversity, are well 
documented by Forman and Baudry (1984).  They 
point out that no long-term study of a hedgerow 
has been conducted; therefore, our understanding 
of hedgerow development is mainly limited to 
general hypotheses.  In planted and spontaneous 
hedgerows, species diversity must increase at least 
for a time as birds and wind bring in new 
propagules.  In early stages these will be largely field 
and forest-edge species that live in open and semi-
open conditions.  Later as the hedgerow trees 
become taller and the shrub layer denser some 
invasion of forest-interior species is expected.  
Because of the longer life span and size of the late 
successional tree species, they occupy and out-shade 
the diverse shrub vegetation (Schulze & Gerstberger 
1993).  Thus, in this case, ageing hedges lose their 
biodiversity. 
 
The remnant hedgerows in contrast would initially 
lose species, at least some forest interior species, 
due to the increase in wind, light and temperature 
following cutting of the adjacent area.  This 
relaxation effect (Diamond 1972), presumably, 
would be rapidly counterbalanced by an increase in 
species as open-field and forest-edge plants colonise 
the hedgerow.  One might expect less rapid change 
over the following few years or decades, with the 
remnant hedgerow maintaining a high diversity of 
open-field, forest-edge, and forest-interior species.  
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Planted and spontaneous hedgerows would 
continue to change rapidly at least until large trees 
had developed over several decades or more. 
 
Schulze and Gerstberger (1993) suggest that if the 
hedge is not maintained (cut every 20-30 years) then 
the invading forest species will not supply palatable 
leaves, nectar, fruits and shelter for the insect and 
bird fauna. 
 
In terms of the species which form part of the 
colonisation process, Dowdeswell (1987) lists elder 
(Sambucus nigra), hazel (Corylus avellana), field maple 
(Acer campestre) and dogwood (Cornus sanguinea) as 
good colonisers, with ash, rose and blackthorn  
occupying a middle-position in terms of 
colonisation.  Other woody species are slower to 
spread in.  Deane (1989) states that the ground flora 
of grasses and broad-leaved plants will also change 
underneath new scrub.   
 
On reverted arable land, annual weeds will invade, 
to be followed by coarse grasses and flowers.  
Plants characteristic of woodland such as dog’s 
mercury (Mercurialis perennis) and primrose (Primula 
vulgaris) will follow much more slowly, if at all 
(Peterken 1974; Helliwell 1975). 
 
Colonisation will depend on the ecological 
requirements of the species concerned. Grubb et al. 
(1996) have looked at the light and soil 
requirements of seedlings of ten European tall-
shrub species and beech (Fagus sylvatica) under 
experimental conditions and discuss their results in 
relation to the roles of the various species during 
secondary succession, and their regeneration niches. 
Similarly, Kollmann and Reiner (1996) have 
examined the shade tolerance and response to light 
of seedlings of six shrub species during 
establishment beneath scrub (in Germany) and 
conclude that light availability is the dominant 
factor for the growth and survival of seedlings.   
 
As Forman and Baudry suggest, such maturation 
processes are more theoretical than real in many 
landscapes due to human influences, but species 
conservation in hedgerows must consider the 
possibilities of re-colonisation of existing hedgerows 
and/or colonisation of new ones.  Colonisation is a 
function of the regional species pool and of species 
dispersal ability, and the later is often constrained by 
landscape structure (Burel & Baudry 1994a).  
 

Hooper’s Rule 
One of the few universal hypotheses that has 
emerged from hedgerow research has been 
‘Hooper’s Rule’.  This formalises the general notion 

that planted hedgerows will become more (shrub) 
species-rich with time and states that approximately 
one new species will become established in every 30 
yards of hedgerow, every 100 years (Hooper 1970a).  
While the rule may hold true in much of eastern and 
middle England, dominated by planted hedges in 
arable landscapes, many authors have suggested that 
there are clear, often regional exceptions (Helliwell 
1975 - in Shropshire; Cameron 1984; Rackham 
1986; Heatherington 1986 - in Warwickshire; 
Condon & Jarvis 1989 - in western Ireland).  
Dowdeswell (1987) suggests that the rule is “subject 
to a considerable margin of error”.  Muir (1996) 
mounts a formidable attack on the strict 
interpretation of the rule and points to the absence 
of any credible scientific mechanism for such 
recruitment. 
 
Cummins and French (1994) note that the species 
diversity of a hedge is likely to depend on its 
position in the landscape, for example whether it is 
near to sources of seed such as woodlands.  Forman 
and Godron (1986) suggest that intersections, or 
nodes, provide better habitat for plants than other 
parts of the network.  Wilmot (1980), noting that 
hedges next to roads had more hedge species than 
those between fields, recommends that Hooper’s 
rule only be used once local relationships have been 
established.  It is unlikely that the specific equation 
can be fitted to hedges in northern Britain, because 
the potential for species diversity is less than in the 
south of the country.   
 
Hooper himself (1994), notes the limitations of the 
rule, but it is generally agreed that older hedgerows 
tend to have accumulated more woody species (e.g. 
Deane 1989) and, in its wider sense, the rule has 
proved useful in many studies and has become a 
standard in the teaching of hedgerow ecology. 
 
It is not appropriate to note a full list of shrub and 
ground flora species, found in hedgerows, in this 
review.  However, although much descriptive work 
has been done, there is scope for more ecological 
description and interpretation of the vegetative 
components of hedgerows and, for example, their 
functional types and ‘ecological value’.  Boatman et 
al. (1994a), in a survey of arable field boundaries 
across the south of England, described differences 
between species occurring in a high number of 
quadrats, in relation to the number of boundaries 
which would be expected to tend towards a uniform 
distribution within boundaries (e.g. false oat-grass 
(Arrhenatherum elatius), rough meadow-grass (Poa 
trivialis), common nettle (Urtica dioica), creeping bent 
(Agrostis stolonifera), couch (Elytrigia repens) and barren 
brome (Anisantha sterilis)), and those giving a low ratio, 
which would tend to have a clumped distribution (e.g. 
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white dead-nettle (Lamium album), creeping thistle 
(Cirsium arvense), perennial rye-grass (Lolium perenne)).  
The majority of the former group were polycarpic 
perennials, with two exceptions, cleavers (Galium 
aparine) and barren brome.  Most share certain 
common characteristics; they are competitive (C, CR 
or CSR strategists; Grime 1974) and successful 
colonisers, characteristic of high soil fertility and often 
associated with disturbance.  They are tolerant of 
moderate shade, but not of defoliation. 
 
Hedgerows as corridors 
As Forman and Godron (1986) and Forman (1995) 
have pointed out, it has been suggested that 
hedgerows are important corridors that facilitate the 
movement of plants and animals across agricultural 
landscapes (Sinclair et al. 1967; Pollard et al. 1974; 
Helliwell 1975; Forman & Godron 1991; Forman 
1983; Baudry & Burel 1984; Merriam 1984).  There 
has been a long-running debate on this with, for 
example, Sinclair et al. (1967) and Merriam (1984) 
concluding that only a few plants and small 
mammals move along hedgerows efficiently, while 
Helliwell (1975) states that plants do not travel 
through hedgerows.  In a restricted study aimed at 
this topic, Fenner (1996) found no evidence for  
movement of ‘woodland species’ along hedgerows 
adjacent to woodland, but concluded that results for 
‘woodland-edge species’ required further 
examination.  Ouberg (1993) has found evidence 
for limited movement of some vascular plants along 
hedgerows in the Dutch Rhine System.  Burel 
(1996) found no such evidence in Brittany and 
speculates that hedge width may be an important 
contributory factor. 
 
In 1984 Forman and Baudry reviewed the published 
work and gave no firm conclusions on the 
movement of plants in hedgerows.  Similarly, 
Dawson (1994), in an extensive review of the 
theoretical basis and empirical evidence for habitat 
corridors, revealed few good studies.  He concludes 
that, while the idea that a network of corridors 
enables large-scale movement is attractive, it 
remains untested.  While the preconditions for 
corridors (such as hedgerows) to act as useful 
conduits can occur, ‘all-purpose’ corridors do not 
exist.  Hooper in his report to the Department of 
the Environment (1992) refers to island 
biogeography in relation to woodlands (Moore & 
Hooper 1975) and notes the discussion of the 
possibility that hedgerows and other linear features 
in the landscape could act as ‘green corridors’ for 
the movement of species from one site to another, 
thus cancelling out the deleterious consequences of 
population instability (such as the likelihood of 
extinction of species in small isolated habitats).  
However, in Canadian landscapes of fragmented 

forest, Fritz and Merriam (1996) conclude that plant 
movement along ‘fencerow’ corridors, between 
isolated forest patches may be constrained by 
architectural differences between fencerows and 
forest edges. 
 
As Hooper has pointed out, until relatively recently, 
plant ‘movement’ has been a plausible hypothesis 
without any scientific foundation.  There has been 
evidence of movement [of animals] from a wood 
into adjacent hedgerows (e.g. Wegner & Merriam 
1979) and, to an extent, there has been evidence 
(e.g. Krebs 1971) of movement from a hedgerow 
into a wood.  Buckley and Knight (1989) suggest 
that the most ‘interesting’ and ‘attractive’ woodland 
ground flora species are poor colonisers.  This 
supports earlier observations by Rackham (1986), 
Pollard et al. (1974) and Brown (1995).  What is 
lacking is concrete evidence of movement from 
wood to wood along a hedge, in preference to 
movement across a field.  However, some evidence 
is now accumulating to show that this is at least 
probable (for animals).   
 
More recent analysis of Countryside Survey data has 
found no evidence for hedgerows acting as 
corridors for plants (French & Cummins 2001) and 
especially not for woodland indicator species (where 
hedgerows present a relatively hostile environment) 
(Smart et al. 2001).  Using a novel Habitat 
Preference Index (HPI) approach, McCollin et al. 
(2000) reach the same conclusion, stating that the 
environments of hedgerows are more similar to 
woodland edges than interiors; qualitative 
differences between the environmental 
characteristics of hedgerows and woodlands are 
such that certain woodland plant species are highly 
likely to be limited in their capacity to use hedgerow 
networks. 
 
Conversely, in a small study in north Somerset, Boots 
(2001) found that a number of plant species were only 
present in hedgerows connected to woodlots and that 
the hedgerows connected to woodlots were more 
species diverse than hedgerows unconnected to 
woodlots.  The woodlots post-date the hedgerows and 
may have influenced the presence of woody species 
found in connected hedges. 
 
Burel and Baudry (1994a) stress, yet again, that 
research carried out within the framework of 
landscape ecology emphasises that hedgerows cannot 
be considered as isolated landscape elements.  
Hedgerow species diversity can only be understood as 
resulting from landscape scale processes.  If 
management practices at the hedgerow scale are very 
important to maintain habitat quality, landscape 
design and management to assure a high 
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connectedness within the network, as well as 
connections with sources of forest species, are major 
influences on species colonisation of available 
habitats.  Diquelou and Roze (1997) describe how 
agricultural activity has resulted in damage to the 
hedgerow network in parts of Brittany, resulting in a 
loss of diversity in term of corridors. 
 
The possibility of plants ‘moving’ along hedgerows, 
which is likely to be controlled by plant dispersal 
mechanisms and niche availability, needs further 
research to inform a long-standing debate. 
 
EFFECTS OF MANAGEMENT 
 
As discussed in the earlier section on ‘History and 
Hedgerow Management’, hedges in Great Britain 
have been managed at least since the 16th Century, 
and the appearance of the lowland British landscape 
today is heavily influenced by the degree to which 
hedgerows have been managed.  However, it should 
be remembered that hedgerows in other countries 
may be treated differently; North American hedges 
are quite different in that they are usually 
unmanaged and are commonly tree height and four 
to 15 m wide (Forman & Godron 1986). 
 
The appearance of British hedgerows may be 
determined by a variety of factors, including: 

• the law (which dictates that roadside hedges are 
to be trimmed regularly); 

• local tradition (which may influence the style of 
management); 

• the use to which the hedgerow is put (whether 
as a stock-proof barrier, or for shelter, game 
management or landscape value); 

• the socio-economic characteristics of the 
landowner or farmer (i.e. whether the farmer 
has the resources to manage hedgerows 
regularly) and, increasingly,  

• the interests and activities of local wildlife 
conservation groups (who may enter into tree-
marking schemes).  

 
Within any one of these broad categories, there may 
be different styles of management.  For example, 
for game management, hedgerow requirements 
differ for ‘showing’ partridges (where tall hedges are 
required) and for partridge nest sites (Doubleday 
1994).   
 
This part reviews what is known about the effects 
of hedgerow management on vegetation and is 
divided into sections dealing with woody species 
and ground flora. 

Woody component 
Hedge species composition and health 
Early prescriptions for hedgerow management were 
devoted to ensuring the sustainability of the shrub 
and tree species that comprise the hedge itself.  
Management of the hedge-bottom was related to 
weed control.  It is only relatively recently that 
interest has focused on managing the hedgerow for 
plant species with wildlife conservation in mind. 
There are numerous references in the literature,  
and guidebooks available, on prescriptions for 
hedgerow management.  Early work showed that 
although management regimes (and soil types) had 
effects on the frequency of individual species, 
overall density remained unaffected (Hooper 1994).  
Dowdeswell (1987) stated that, perhaps surprisingly, 
methods of [hedge] maintenance seem to have less 
effect on hedge composition than was once 
supposed. 
 
Broadly, the species diversity and composition of a 
hedge will be determined by its original composition 
and by any subsequent colonisation and extinctions 
(Cameron & Pannet 1980a). The addition of species 
to a hedge after creation may also result from 
deliberate planting, especially of trees.  The original 
composition and colonisation will in turn depend 
on a complex of natural and human factors. 
 
Correlative studies 
Of the earlier field survey studies Pollard, Hooper 
and Moore (1974) attempted to examine species 
complement in relation to management.  They had 
shown that the degree of management affected the 
nesting of birds and it was expected that the same 
might be true of other aspects of hedgerow ecology 
such as colonisation by shrubs and climbers.  Their 
results were equivocal with some climbers, e.g. 
bittersweet (Solanum dulcamara) and white bryony 
(Bryonia dioica), being more common in unmanaged 
hedges but others, such as bramble and cleavers, 
being more abundant in managed hedges.  Samples 
elsewhere showed that other species, rose and 
honeysuckle (Lonicera periclymenum), could be more 
abundant in managed hedges. 
 
The work done in ESAs in Northern Ireland by 
Hegarty and Cooper (e.g. 1994) show that 
unmanaged hedges contained significantly higher 
mean cover values of blackthorn, grey willow (Salix 
cinerea) and gorse (Ulex europeus).  Other species, 
such as hawthorn, ash and dog rose (Rosa canina) 
were also more common in managed hedges.  
Hooper (1976), in England, also found that ash, elm 
(Ulmus procera) and sycamore (Acer pseudoplatanus) 
were twice as common in unmanaged hedges than 
in those regularly managed.  These results are 
amplified in Hegarty’s thesis (1992): hawthorn was 
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highly correlated with complete hedges whereas 
gorse was characteristic of ‘gappy’ hedges.  Of all 
the tree and shrub species, hazel (Corylus avellana) 
was the most characteristic species of tall hedges, 
followed by grey willow, sycamore and ash.  In 
contrast, the mean cover values of gorse and 
hawthorn were negatively correlated with hedge 
height.  Unmanaged hedges were associated with 
shrubs such as blackthorn and grey willow.  
Managed hedges contained ash and hawthorn.  The 
mean cover value of dog rose was significantly 
positively correlated with hedge width. 
 
Correlative studies are useful in developing 
hypotheses but, since they are often based on a 
‘snapshot’ in time, details of hedge life-cycles and 
history remain largely unknown and there is a need 
for longer-term observational and experimental 
work. 
 
Direct management effects  on woody species 
As Bannister and Watt (1995) have noted, the 
effects of different methods of cutting hedges have 
been reviewed (Maclean 1992), but current 
information is driven from experience and 
observational studies rather than from experimental 
evidence.  The literature contains relatively few 
comments on the effects of different management 
regimes on individual species.  However, Wolton 
(1994) notes that ash and hawthorn are quite 
resistant to flailing, but others like hazel and 
blackthorn succumb quickly.  Since an estimated 
97% of farms use flails for hedge trimming (Britt et 
al., 2000), it seems likely that the species 
composition of managed hedgerows is likely to 
change.  
 
Bannister and Watt have completed some rigorous 
experimental work on the effects of cutting on the 
growth of hawthorn (1995).  The effects of the 
position and timing of cutting on shoot growth of 
young Crataegus monogyna plants in newly-planted 
hedges were studied.  Total shoot length was 
unaffected by cutting.  In general, a combination of 
both vertical and horizontal cutting produced a 
hedge with long, bud-tipped shoots.  The timing of 
cut was important: a horizontal cut in summer 
resulted in fewer but longer shoots whereas a 
vertical cut in summer produced more thorn- tipped 
shoots. A vertical cut in winter resulted in longer 
shoots than one in summer and reduced the 
number which were thorn-tipped. Management 
style of farm hedges could be characterised by 
various growth parameters. Hand-cut hedges had 
numerous short shoots and many older-wood 
branches per unit area, whereas unmanaged ones 
had a greater leaf area and longer shoots. Summer-
flailed hedgerows were characterised by a smaller 

leaf area, although this may have been partly due to 
cleavers (Galium aparine) infestation.  The use of the 
flail on the current season’s growth did not 
significantly retard growth the following year.  
 
Carter (1983) stated that, where machines are used, 
there is still a need to use hand tools to remove 
“rubbish” such as elder or briar and Pollard et al. 
(1974) observed that those hedges managed by 
layering have more black bryony, and those 
managed by trimming have more rose and 
honeysuckle.  It is interesting to note that 
competition-standard hedge laying requires climbers 
and ramblers to be dug out, thus changing the 
species complement and reducing diversity.  Helps 
(1994) says that a mixed hedge may need to be cut 
back every year because of vigorous species such as 
bramble (Rubus fruticosus agg.), traveller’s-joy (Clematis 
vitalba) and elder - whereas a pure hawthorn hedge 
may need cutting less frequently. 
 
Very little has been published on the effects of 
repeated cutting on hedge structure, diversity or 
longevity since Stephens wrote his book in the 
middle of the last century (Wolton 1994).  However, 
work at Wye (Banister & Watt 1994) has redressed 
this situation in relation to hawthorn. 
 
The management of hedgerows in relation to fruit 
(berry) production has been the subject of recent 
work by Sparks at CEH Monks Wood and 
Maudsley at IACR Long Ashton.  Both studies note 
that unmanaged hedgerows are far more productive 
than managed ones, suggesting “an order of 
magnitude” difference (Sparks & Martin 1999, 
Croxton & Sparks 2002).  From a comprehensive 
study, examining the effects of contrasting hedge 
management regimes on the associated flora and 
fauna of different hedgerows, Maudsley et al. (2000) 
showed that annual cutting (in either September or 
February) was shown to have significant negative 
impacts on the berry production of woody hedge 
plants.  They also conclude that the growth of some 
species (e.g. buckthorn, Rhamnus cathartica) is 
negatively affected while some ‘scrambling type’ 
plants, such as bramble (Rubus fruticosus), responded 
positively to regular trimming in late winter. 
 
In their guidelines for hedge management, Marshall 
et al. (2001a) say that there is no consistent evidence 
that timing of cut affects hedge size.  However, 
hedge volume increases with time since last cut.  
Differences in growth are apparent between hedge 
types.  There is evidence that hedge size continues 
to increase after 10+ years, but that the rate of 
increase declines.  
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In the same guidelines, and in Marshall et al. 
(2001b), the researchers conclude that for mixed 
species hedges, there are differences in the response 
to cutting between the different hedge shrub 
species. Hawthorn and dog rose re-grow strongly 
immediately after cutting, and appear to be tolerant 
of regular cutting, whereas other species such as 
spindle and buckthorn are positively responsive to 
being left uncut for longer (2+ years). Blackthorn 
grows extremely vigorously each year if left uncut, 
and may encroach on other hedgerow plant species 
and adjacent farmland. Scrambling hedge species 
such as bramble and black bryony decreased in 
abundance with time left uncut. 
 
Hedges may be valued for the growing or mature 
trees within them (Hooper 1992).  Hedgerow trees 
as a timber resource has been a significant issue for 
many years (e.g. Anon. 1955) and attempts have 
been made from time to time to record their 
number and state (e.g. see Peterken & Allison 1989 
pages 40-43; Barr & Whittaker 1987).  Most have 
been small sample surveys, carried out by various 
methods and the statistical significance of the 
results is suspect (Hooper 1992).  Whether or not 
hedgerow trees are now of value as a timber 
resource may be doubted, but trees are undoubtedly 
of significant value as a landscape feature and for 
birds, bats and other animal groups.  Little research 
is reported on the value of trees, nor on the best 
ways of managing hedgerows with trees in mind 
(e.g. optimal spacing of hedgerow trees, choice of 
species), but they do form part of the vegetative 
component of hedgerows and should not be 
omitted from research endeavours. 
 
There has been an increasing interest in veteran (or 
ancient) trees during the past decade.  This has been 
largely driven by the recognition that Britain has the 
largest and best array of extremely old trees in 
North-West Europe, and they form an irreplaceable 
gene pool of native stock, with valuable 
characteristics including growth forms and 
longevity.  These trees also make a unique 
contribution to the quality of the landscape.  Many 
species of insects, lichen, plants and fungi have co-
evolved to be dependent upon ancient trees and the 
dead wood habitat within them, some of which are 
now rare and endangered.  They also provide an 
important habitat for bats and several species of 
birds (including, for example, owls and tree 
sparrows).  Within the existing agricultural 
landscape, veteran trees are most frequently found 
individually as markers along old boundary banks 
and occur in long-established hedgerows and 
riverbanks.  They also occur in scattered groups in 
parkland and remnant pasture woodland.  Interest 
has been generated and maintained through the 

activities of organisations such as The Ancient Tree 
Forum, The Tree Council, The Woodland Trust, 
and English Nature, and attention focussed on their 
value and vulnerability through the Veteran Trees 
Initiative.  To date, little scientific research has been 
directed at this important habitat type although 
Kirby and Yeo (2000) suggest that more 
information is needed on their extent and on ways 
in which they might best be protected. 
 
Diversity of woody species 
The desirability or otherwise of a high diversity of 
species in a hedgerow is dependent on the use of 
the hedge and on the viewpoint of the user. For 
straightforward farming purpose a single-species, 
well managed hedge may be ideal as a stock-proof 
boundary, whereas for wildlife or landscape 
purposes, a species-rich hedge may be more 
welcome.  It has been a generally accepted 
ecological principle that high species diversity is a 
‘good thing’ in order to maintain a larger gene pool 
and allow natural processes to be buffered against 
man-made threats.  From a wildlife conservation 
viewpoint, the desirability of a diverse flora may 
depend on the ‘quality’ of the constituent species. 
 
As stated in the previous section, the species 
diversity of a hedge will be determined by its 
original composition and by any subsequent 
colonisation and extinctions (Cameron & Pannet 
1980).  The addition of species to a hedge after 
creation may also result from deliberate planting, 
especially of trees, and the original composition and 
colonisation (and hence diversity) will in turn 
depend on a complex of natural and human factors. 
 
Lewis et al., 1999 carried out a study of 211 hedges 
near Cardiff, South Wales.  They found significant 
positive correlations between woody species 
diversity and taller, wider and longer hedges.  They 
also found that parish boundaries had the highest 
number of woody species, then roads/tracks, with 
farm hedges being the poorest. 
 
The role of hedgerow management in determining 
diversity of hedgerow woody species is not clear.  In 
studies over many years, Hooper and colleagues 
(e.g. Hooper & Holdgate 1968; Hooper 1992) 
consistently found no relationship between hedge 
management and tree and shrub species diversity 
but, rather, that “apart from the over-riding influence of a 
planter’s personal preferences we can identify only two major 
factors affecting the diversity of a hedge: soil type and age”.  
Similarly, Cummins et al. (1992), in their analyses of 
plot data from all parts of Great Britain, could find 
no correlation between the management of the 
hedgerow itself and species diversity, either within 
or beneath the hedge.  
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However, studying hedges in the ESAs of Northern 
Ireland, Hegarty, McAdam and Cooper (1994) 
found strong links between a variety of 
management factors and species diversity - showing 
that hedge management and height had most 
influence on tree and shrub species diversity.  They 
also observed that hedges cut by flail had 
significantly greater number of tree and shrub 
species, than hedges managed by any other method.  
Complete hedges (with less than 10% gaps) had 
significantly more species in the tree and shrub 
plots and boundary strip plots, than gappy hedges.  
Taller and wider hedges were associated with 
greater tree and shrub diversity and woodland 
species were positively correlated with hedge height.   
 
Hegarty (1992) in a more extensive hedge survey in 
Northern Ireland found that the effects of hedge 
management and the associated hedge structure 
diversity were most strongly correlated with the 
number of tree and shrub species, with unmanaged, 
tall, wide hedges supporting the greatest number of 
tree and shrub species.  In fact, the variable which 
was significantly the best predictor of the mean 
number of tree and shrub species was the 
percentage of gaps in the hedge, followed by hedge 
height.  There is a need for research to assess the 
apparent discrepancies in the work done to date, 
and especially to examine the effects of temporal 
management cycles, regional differences in farming 
practices and the influence of other correlators (e.g. 
land use management). 
 
Other studies of hedge diversity have been few, but 
Wilmot (1980) noted that, in one parish in 
Derbyshire, hedges next to roads had more hedge 
species than those between fields, and that while 
subsoil was related to the number of woody species, 
recent management was not. 
 
Both Helps (1994) and those involved in a 
discussion session at the Wye Conference in 1992, 
have suggested that some variation in hedgerows is 
likely to occur automatically, as a result of 
differences in slope, aspect, accessibility which gives 
variation in hedge height and shape, as well as 
botanical variation in hedges and field margins.  
However, the relationship between geographical 
scale and hedge diversity (i.e. whether all the hedges 
on one farm, or in one parish, are managed in the 
same way) needs further research. 
 
Hedge bottom flora 
Species composition 
Until recently, studies of the herb flora of hedgerows 
were relatively few (Boatman et al. 1994).  Pollard 
(1973), Helliwell (1975) and Peterken and Game 
(1981) have studied the status and potential 

colonisation of woodland herbs in hedgerows and 
other regional studies have been conducted in, for 
example, Warwickshire (Cadbury, Hawkes & Readett 
1971) and Wiltshire (Grose 1957).  In a floristic 
analysis of animal habitats in rural Quebec, Jobin et 
al. (1996) found that the herbaceous layer of 
dominant species of hedgerows were similar to 
those in woodlands.  The ideal management regime 
for ground flora has not been elucidated.  In a 
discussion session of an ITE Monks Wood 
Symposium on Hedges and Hedgerow Trees 
(Hooper & Holdgate 1968), Dr Hooper was asked 
what was the best width and height for a hedge.  He 
suggested that for plants a narrow, well managed 
hedge was “quite adequate”.  However, in their 
book, ‘Landscape Ecology’, Forman and Godron 
(1986) say that forest herbs are sensitive to 
hedgerow width - need wider hedges (but their 
study in the USA used balsam (Impatiens sp.) and 
avens (Geum sp.) and classified narrow hedges as 
being less than 8 m!).  Similarly, in a study of the 
Swavesey fen grasslands, forbs typical of partial 
shade (e.g. ground ivy (Glechoma hederacea) and 
upright hedge-parsley (Torilis japonica)) were 
positively correlated with hedge dimensions.  Tall 
herbs that were eliminated by cultivation or intense 
grazing survived, protected by the larger hedges e.g. 
hemlock (Conium maculatum) and common nettle.  In 
contrast, species which were negatively correlated 
with hedge size were generally intolerant of woody 
shade (Mountford et al. 1994). 
 
Dowdeswell (1987) has said that the most powerful 
factor affecting the survival and spread of different 
hedgerow species is the nature and extent of 
management.  Where this is absent, taller plants are 
at an advantage.  These include the taller grasses, 
such as couch, cock’s-foot (Dactylis glomerata), 
Yorkshire fog (Holcus lanatus) and false oat-grass; 
large umbellifers (Apiaceae), like cow parsley 
(Anthriscus sylvestris) and hogweed (Heracleum 
sphondylium); and other strongly growing species, 
such as the meadow buttercup (Ranunculus acris).  
Frequent cutting, flailing or grazing encourages the 
finer-leaved grasses, notably common bent (Agrostis 
capillaris) and the fescues (Festuca spp.).  It also 
favours rosette-forming species, like creeping 
buttercup (Ranunculus repens), greater plantain 
(Plantago major) and dandelion (Taraxacum spp.). 
 
In studies of field margins, Boatman et al. (1994) 
referred to species whose occurrence was 
significantly affected by the type of adjacent hedge.  
Only creeping bent was significantly more frequent 
where no hedge was present.  Cow parsley, cleavers, 
ivy, hogweed and common nettle were more 
common where hedges were present; and ground ivy 
was most common next to tall hedges (higher than 
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two metres).  Several species were more frequent 
where hedges were present, in comparison with 
boundaries containing only herbaceous vegetation.  
Ground ivy and ivy characteristically occur in shaded 
or partially shaded habitats, and do not persist in 
unshaded tall herb communities.  Cleavers benefits 
from bare soil beneath hedges where it can germinate 
and establish free from competition, and from the 
hedge itself as a structural support. 
 
As the forgoing suggests, and as Clements and Tofts 
(1992) have pointed out (in reference to studies in 
the USA which show a correlation between 
diversity and hedge width), no single structure is 
favoured by all species. 
 
Other authors refer to the importance of the hedge 
shape: Moorhouse (1990), for example, notes that 
while A-shaped hedgerows are easily managed, shed 
snow and do not self-shade, they may shade out 
ground flora.  Coppicing has a negative effect on 
shade-loving plants (Deane 1989). 
 
Amongst the most intensive studies on the 
relationships between management and ground 
flora species composition are those undertaken in 
Northern Ireland by McAdam, Hegarty et al., work 
at Long Ashton, the GB Countryside Survey 1990 
(Cummins et al.) and work in France by Baudry, 
Burel and Le Coeur.  
 
In Northern Ireland, Hegarty and Cooper (1994) 
found that a woodland flora characterised the 
species-rich hedges, whilst competitive grasses 
dominated the species-poor hedges.  Hedge 
management in general did not seem to have a 
significant influence on the mean number of species 
found in hedgerow plots, but did affect the 
variation in abundance of plant species (Hegarty, 
McAdam & Cooper 1994).  Unmanaged hedges 
contained significantly higher mean cover values  
of ground flora species such as sweet vernal-grass 
(Anthoxanthum odoratum) and the moss Thuidium 
tamariscinum.  Managed hedgerows contained more 
competitive-ruderal species such as cleavers and 
common nettle.  Coppiced hedges had the greatest 
number of ground flora species (agreeing with 
findings in McAdam, Bell & Henry 1992).  Hedge 
width was the most significant predictor of the 
diversity of hedgerow ground flora, with total 
nitrogen content the next.   
 
Hegarty’s thesis (1992) gives much more detail of 
the species involved (including relationships with 
height, width and ‘gappiness’ of the hedge) but the 
overall conclusion of this work confirms that 
woodland species perform best in large, shade-
giving hedges and aggressive, competitive species 

were found in more highly managed situations 
(where they were better suited to a harsher 
environment). 
 
In a partial repeat survey (5%) of Professor Ronald 
Good’s surveys of Dorset in 1931 and 1939, Button 
(2003) has shown that whilst species richness has 
remained similar, the number of  ‘Dorset notable’ 
species declined from an average of 3 per stand to 1 
per stand. 
 
Resulting from recent experimental work, Marshall 
et al (2001a), in their guidelines for hedge 
management, state that hedge base habitats 
generally contained very high botanical diversity, 
higher than in the shrubby part of the hedge. 
However, no significant effects of hedge cutting on 
botanical diversity in the hedge base are apparent.  
At one site, hedge coppicing and laying both 
increased the species diversity of hedge base plants, 
presumably in response to ground disturbance and 
increased light levels. However, there were no 
differences between these treatments and control 
plots by the end of the experiment.  Analysis of the 
composition of hedge-base floras at different sites 
shows that different hedgerows have distinct hedge-
base plant communities.  Differences appear to be 
largely determined by adjacent land-use.  Arable 
hedgerows are less diverse than grassland ones, 
although uncropped field margins next to the 
hedgerow may increase botanical richness in the 
hedge base.  In summary: 
• Hedge base habitats can be botanically rich. 
• Coppicing and laying can increase plant 

diversity in the short-term. 
• Adjacent land-use and field operations are 

important in determining plant composition of 
hedge bases. 

 
Le Coeur et al. (1997), working in Brittany, showed 
that local shrub and tree structure explained most of 
the variation in adjacent field margin ground flora 
but that adjacent land use was also important. 
 
Jobin et al. (1997), examining the effects of 
agricultural practices in southern Quebec, found 
that the diversity and vegetation cover of the 
herbaceous layer of hedgerows and woodland edges 
were lower on sites at which herbicides had been 
sprayed in recent years, probably due to herbicide 
drift during application on adjacent fields. Herbicide 
use and tillage had an impact on the species 
composition of the cultivated fields: there was a 
higher proportion of annual and introduced species 
in cultivated fields subjected to herbicide use and 
tillage than in fields that were not regularly treated 
or tilled. The species that were found only in 
non-crop habitats were primarily native and 
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perennials, few of which were weed species, 
whereas a high proportion of the species found only 
in cultivated fields were annual and introduced 
species, several of which were considered weeds.  
 
By contrast, in their analysis of Countryside Survey 
data, Cummins et al. (1992) and French and 
Cummins (2000) found no statistical relationship 
between the occurrence of particular types of 
hedge-bottom species groups and management 
factors.  However, the analyses used data from all of 
Great Britain and there is scope for a much more 
detailed examination of the data in relation to 
individual species and biogeographical zones. 
 
Ground flora species diversity 
Marshall and Smith (1987) gave a concise ecological 
perspective relating to the diversity of hedge bottom 
species:  
• ground vegetation needs to be managed to 

interrupt succession to shrub and tree cover;  
• diverse habitats tend not to exhibit dominance 

by one or two species at the expense of others 
(c.f.  brome-dominated hedges) 

• optimum growth conditions (i.e. few limiting 
factors and high fertility) favour dominance and 
low diversity 

• bare ground is typically colonised by prolific 
seeding annuals. 

 
Therefore we should accept that some form of 
regular maintenance is necessary to keep shrubs in 
check.   
 
The question is what form of management will 
favour diversity.  Perhaps due to the lack of 
research in former years, opinion is mixed.  For 
example, Doubleday (1994) recommended that 
hedges “should be kept reasonably short (about 2 m) in 
order to avoid impoverishing the ground flora by shading it 
out”.  In contrast to this, Hegarty (1992) in Northern 
Ireland noted that species-rich ground flora groups 
were significantly associated with the tallest and 
widest hedges and that the greater the structural 
diversity of a hedge, the more likely it was 
associated with a species-rich flora.   
 
Dover  and Sparks (2001) carried out a study of 
green lanes (un-metalled tracks with field 
boundaries on either side; boundaries can be grass 
banks, hedges, wood edge or stone walls) in 
Cheshire.  Their studies have clearly shown that, for 
plants and butterflies, green lanes are superior to 
other field boundary habitats. The likely reasons 
include: the enhanced shelter and modified 
microclimate found in green lanes; their historical 
continuity; their lower agricultural inputs, compared 
with adjacent field boundaries; relatively low 

management regimes; and high structural diversity.  
These results show that priority should be given to 
maintaining and enhancing green lanes as part of 
any farm management plan. 
 
Evidence from correlative studies 
Other correlative studies also appear to be 
contradictory: in analysing Countryside Survey 1990 
data.  Cummins et al. (1992) found that management 
of the hedge had no significant effect on species 
diversity, either within or beneath the hedge.  But 
Baudry (1988) and Burel and Baudry (1990) noted 
that the presence of forest species was related to 
hedgerow width in hedges in New Jersey and 
Hegarty (1992), in a survey in Northern Ireland, 
also found that the species diversity of ground flora 
plots was most strongly influenced by hedge width.  
In a survey of ESAs in Northern Ireland, Hegarty et 
al. (1994) found that, although hedge management 
in general did not seem to have a significant 
influence on the mean number of species found in 
hedge plots, coppiced hedges (cut with a circular 
saw) had the greatest number of ground flora 
species (agreeing with findings in McAdam, Bell & 
Henry 1992). 
 
Other studies 
Reporting early results of a long-term experiment 
looking at hedgerow restoration strategies (laying; 
pollarding; coppice, with same-species inter-
planting; coppice, with different species inter-
planting), Henry, Bell and McAdam (1994) found 
that all treatments showed increased numbers of 
plant species, when compared with the control 
treatment.   Coppice treatments had the highest 
numbers of species, probably due to increased light 
levels. 
 
Menneer (1994) reported some local, but intensive, 
observation studies in Cornish hedges.  In a survey 
of the hedges along either side of a one-mile length 
of road , Carter (unpublished report) showed a 70% 
reduction in species diversity following use of a flail 
(twice a year - May/June and July/August) - from 
188 spp in 1971 to 57 in 1989.  Rare species were 
reported to have gone and the ratio of annuals/ 
biennials to perennials changed from about 15% to 
100%.  After flailing was reduced to a single annual 
cut, taking place later in the year, species started to 
return and by 1994 had increased to 103.  Similarly, 
Murphy (1985) found a reduction from 163 plant 
species to 117 between 1971 and 1985 with finger-
bar trimming. 
 
Other observations include a small-scale study by 
Baudry (reported as pers. comm. to Forman and 
Godron 1986) which showed that the number of 
herbaceous species was more than twice as great on 
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the sunny side of a hedge to those on the other.  
Mosses were restricted to the shady side.   Most 
species on the sunny side were open field species, 
while those on the shady side were woodland 
species.  Forman and Godron (1986) also noted 
that the inclusion of a fence in the hedgerow 
complex may attract birds and will increase 
botanical diversity.  Similarly, herbs at the hedge-
bottom are very much affected by the management 
of the hedgerow complex (i.e. including 
hedgebanks, verges and ditches) (Hooper 1992). 
 
Recent work, reported in Marshall et al. (2001b), 
showed some success in establishing treatments to 
increase species diversity and reduce weed 
populations; these comprised cutting, selective 
herbicides, excluding fertilisers and re-seeding 
perennial vegetation.  Results showed that highest 
botanical diversity is achieved through re-sown 
vegetation, especially in arable situations.  Cleavers 
and barren brome in the hedge-bottom were most 
effectively reduced through the application of 
selective herbicides. 
 
Conclusions 
As the foregoing suggests, and as Clements and 
Tofts (1992) point out (in reference to studies in the 
USA which show a correlation between diversity 
and hedge width), no single structure is favoured by 
all species, leading to the conclusion that rich 
habitats support a diverse species assemblage.  
Hegarty’s thesis (1992) suggests that low species 
diversity in hedgerows in Northern Ireland is 
associated with lowland well managed farms with 
fertile soils and that high species diversity is 
associated with the opposite situation.  The diversity 
of the hedge-bottom flora is therefore likely to be 
associated with a host of factors, including 
environmental parameters, position in the 
landscape, active or passive management of the 
hedgerow and of the surrounding land. 
 
The recent experimental work at IACR Long 
Ashton (Marshall et al. 2001a) was specifically 
commissioned by Defra to provide definitive 
answers to the debate over the effects of hedge 
management on wildlife.  As stated above, they 
could find no lasting effects of hedge cutting, or 
other forms of hedge management, on the botanical 
diversity of the hedges they studied..  

 
ADJACENT LAND USE AND FIELD 
MARGINS 
 
Effects of hedgerows on adjacent land 
It is not appropriate in this review of management 
and wildlife to detail the literature relating to the 

physical effects of hedgerows on crops and 
neighbouring land use.  However, it is important to 
note that a farmer’s decision on the management of 
a hedgerow, and the subsequent consequences for 
wildlife in the hedge, may result from his or her 
understanding of the effects the hedge is having on 
the land.  There is a healthy literature on the effects 
of hedges on wind speed and shelter effects (e.g. 
Jensen 1954; Lewis 1966; Marshall 1967; Shepherd 
1968; Pollard et al. 1974; Brandle & Hintz 1988; 
Bruckhaus & Buchner 1995; Sparkes et al. 1998 ) 
and some information on hedgerows as snow 
barriers (e.g. Naaim-Bouvet et al. 1998) but, as 
Hooper (1992) has said, further research is needed 
on the arrangement and pattern of hedgerows if the 
mechanisms and effects are to be properly 
understood. 
 
The other main area of debate concerning effects of 
hedges on adjacent land, and one nearer to the 
interests of this Review, is whether hedges act as a 
refuge for agricultural weeds.  Doubleday (1994) 
stated that “hedges, particularly badly managed [sic] 
hedges, can act as a reservoir of weeds which can cause 
problems to arable crops”.  In his survey of lowland 
farms, Hooper (1992) found that about a third of 
farmers he interviewed in 1990 were worried by the 
possibility of invasion of weeds and other pests 
from the hedge.  Such invasions may have 
significant cost implications.  In an examination of 
the distribution, abundance, and economic 
importance of field bindweed (Convolvulus arvensis) 
and hedge bindweed (Calystegia sepium) in the 
continental USA, Boldt et al. (1998) have estimated 
that the value of crop losses due to field bindweed 
in the USA to be more than $377 million per year. 
 
Research in this area has been limited but Deane 
(1989) noted that shrub species that grow fastest 
from the hedge are those that sucker readily, such as 
blackthorn and English elm.  These may move out 
at a rate of one metre per year, where conditions 
suit.  Rambling species such as dog rose, bramble, 
honeysuckle, black and white bryony and traveller’s-
joy will follow at varying speeds.  The work of 
Marshall and colleagues (e.g. Marshall 1986; 
Marshall & Smith 1987; Marshall 1989) over several 
years suggests that only 25% of hedge bottom 
species also occurred in the field at 0.5 m from the 
hedge - i.e. very few species were invading the crop.  
In more recent work in Essex, Marshall and Arnold 
(1995) demonstrated that most perennial species of 
field margins are not adapted to successful 
establishment in field crops.  They recommend that 
management of margins should encourage such 
perennial species, with an occasional cut to control 
woody plants.  Carnegie and Davies (1993), 
reporting on a survey of 32 headlands and field 
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boundaries in Scotland, found that about half of the 
101 recorded plant species were found exclusively 
in the field boundary and no more than one metre 
into the crop.  A further 35 species were recorded 
up to 5 m into the headland and 17 were confined 
to the headland.  In very few sites was there 
evidence of significant spread of invasive species 
into the crop.   
 
Further work on weed species invasion is being 
undertaken at the School of Plant Sciences at  
Reading University and has shown the positive 
effects of nitrogen fertiliser on the growth of barren 
brome (Anisantha sterilis) in field boundary 
vegetation (Theaker et al. 1995a) and  described 
evidence for the origin of field infestations of the 
same species (Theaker 1995b).  From the same 
study, Row et al. (1996) showed that both barren 
brome and cow parsley, although limited in their 
ability to disperse seeds, nevertheless may provide 
important sources of weed infestation.  There is 
little doubt that the two main culprits are cleavers 
and barren brome, and methods for the control of 
weed species is discussed later in this section (see 
‘Adjacent Land Use and Field Margins’: sub-section 
on  ‘Field margin management’).   
 
Interestingly, Boatman and Theaker (1993), in their 
work on restoring hedgerow ground flora, have 
suggested that while barren brome is a weed of the 
hedgerow and field margin, cleavers is self-
sustaining in fields and, in fact, may invade 
hedgerows. 
 
A recent study of field boundaries in Canada (Jobin 
et al. 2001) confirmed that weed abundance was 
lowest in natural woody hedgerows compared with 
planted windbreaks and herbaceous field margins.  
The authors concluded that natural hedgerow 
preservation would be an efficient conservation 
strategy, from both a wildlife and an agronomic 
perspective. 
 
The extent to which the hedge-bottom is truly a 
reservoir of weeds has been questioned, and is 
frequently more a consequence of poor field margin 
management rather than the presence of a hedge per 
se  (Hooper 1992).  Where land abandonment 
occurs (rare in Britain), unmanaged hedgerows 
expand into fallow fields, being good sources of 
woody colonisers, and are progressively 
incorporated within the shrubby successional stages 
of older fields (Burel 1996).   
 
Effects of adjacent land on hedgerows 
Links with land use 
Several studies (e.g. Pollard & Relton 1970; Burel & 
Baudry 1990) have emphasised that hedgerows 

should not be studied in isolation as there are clear 
interactions with surrounding land use (Clements & 
Tofts 1992).   
 
In their study of Countryside Survey 1990 data, 
correlating vegetation plot data with surrounding 
land use data, Cummins and French (1994) show 
that both very intensive land management, and no 
management at all, are deleterious to the number of 
herbaceous species in hedge-bottoms.   
 
The same authors are cautious about the use of 
these data and say that, due to the ‘snapshot’ nature 
of surveys, the effects of land use on diversity can 
only be inferred; direct cause/effect relationships 
cannot be determined.  This is particularly so with 
the woody species and there are many possible 
explanations for the few differences that there are 
between land-uses.   
 
For example, hedges with few woody species are 
more prevalent in arable landscapes than one would 
expect statistically, but this could be because only 
monotypic hedges are planted there, or the hedges 
are younger and have not yet been invaded by other 
species.  However, hedges are long-lived and their 
composition of established woody species is 
unlikely to be related to factors which fluctuate on a 
relatively short time scale e.g. land-use changing 
from pasture to cereals.  More substantial inferences 
were drawn about the effects of land-use on 
herbaceous species because a direct comparison 
could be made between the vegetation in the hedge-
bottom and that of the adjacent land.  The species 
associations in most hedge-bottoms resembled 
those of the adjacent land-use, rather than the 
woodland-type vegetation expected in an 
‘unaffected’ hedgerow.   
 
There is some evidence that the intensity of 
management of the hedge is related to that of the 
surrounding land i.e. farmers who manage land 
intensively may also manage their hedgerows 
intensively.  Parish and Harris (1991), in reporting 
the Swavesey Project, support the idea that 
intensive hedgerow management goes with 
intensive land use management.  Similarly, Hegarty 
and Cooper (1994) discuss regional differences in the 
composition, structure and management of hedges in 
Northern Ireland, with the relatively unmanaged 
hedges of County Fermanagh (which were associated 
with the greatest species diversity) being farmed less 
intensively than lowland areas where hedge 
management was more intensive.  Burel (1996) 
reports the results of an intensive study of three sites 
(each c. 500 ha.) in Brittany, which indicate a strong 
link between agricultural practices, hedgerow 
composition and field size.  
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In the pastoral landscape of Britain, farm animals 
may have a detrimental effect on hedgerow flora.  In 
a study of field boundaries on Anglesey (Partridge 
1999) damage by sheep was identified as a major 
threat to hedgerows.  Many guides on hedgerow 
establishment and management advise the use of 
fences to prevent access to the hedge by farm stock. 

Effects of adjacent crop management 
Since wildlife interest in hedges began, there has 
been interest in agricultural activities associated with 
neighbouring crops.  Forman and Godron (1986) 
suggest that herbicides and insecticides drift into the 
hedgerow and “doubtless kill many insects and 
some plants and vertebrates”.  Fertilisers from fields 
are said to enter hedgerows and favour some 
species such as nitrogen loving plants 
(nitropholous) at the expense of others (Ellenberg 
1939, 1978; Piggot & Taylor 1964; Tuxen 1967; 
Kopecky 1969; Braakhekke-Ilsink 1976; Ruthsatz & 
Haber 1981). 
 
Marshall (1988) stated that disturbance factors, such 
as fertiliser contamination, spray drift, close 
cultivation, mulching and burning may all affect the 
flora.  Close cultivation may also affect shrub root 
growth.  However, in reporting results from the 
Boxworth Project, the same author (Marshall 1992) 
suggested that herbicide drift was of little 
significance on the boundary flora, although this 
may have been because the flora had already 
become modified as a result of previous 
management practices.  Marshall then goes on to 
suggest that other factors, such as habitat structure 
and closeness of cultivation may have been more 
influential.  
 
There is experimental evidence that hedges 
intercept pesticide spray drift (B. N. K. Davis, pers. 
comm., cited in Hooper 1992).  Tsiouris & Marshall 
(1998) described how patterns of granular fertiliser 
deposition differed markedly between a pneumatic 
boom applicator and a spinning disk machine, both 
of which were tractor-mounted. The pneumatic 
applicator gave relatively even distribution across 
the boom width.  A spinning disk gave more 
variable deposition and significant amounts were 
spread further than the expected 12 m overlapping 
pattern.  
 
In work designed to assess the effects of hedges on 
spray deposition and on the biological impact of 
pesticide spray drift, Davis et al. (1994) showed how 
hedgerows are very effective at intercepting drift 
and create a shelter zone of up to 15 m in adjacent 
crops.  However, in strong winds, protection 
afforded to sensitive species may be limited and 
severe damage may be inflicted over considerable 

distances.  In similar, microcosm-based studies, 
Marrs and Frost (1997) found highly variable results 
in the performance of different species groups to 
spray drift.  However, there was little effect more 
than 8 m away from the point of application. 
 
In a 5-year experiment, Jones and Haggar (1997) 
studied the impact of nitrogen and organic manures 
on yield, botanical composition and herbage quality 
of two contrasting grassland field margins in Wales.  
The forb component of both ecosystems had been 
drastically reduced by the high N treatment, to less 
than half of their original level.  The organic 
treatments on the other hand showed signs of 
developing species-rich communities, while at the 
same time providing a relatively high yielding and 
nutrient-rich field margin sward of high mineral 
content.  
 
Longley et al. (1997) measured pesticide spray drift 
deposition into field boundaries and hedgerows in  
summer and showed that the incorporation of a 
conservation headland reduced deleterious effects 
on hedgerow flora and associated insects.  
 
McAdam et al. (1994b), looking at field margin flora 
change in response to grassland management 
practices, found that grazing and fertiliser use 
significantly reduced species diversity of ground 
beetles and plants, relative to all other management 
treatments. 
 
In his partial repeat of Good’s survey of Dorset 
hedgerows, Button (2003) demonstrates a very 
significant increase in Ellenberg fertility scores for 
nitrogen, from 1931/9 to 2002.  Button says that 
the likely factors responsible are changes in 
agricultural practice leading to increases in soil 
nutrients, as well as changes in highway, verge and 
hedge management. 
 
Hald et al. (1994), in a study involving 26 
experimental fields with paired permanent plots, 
sprayed and unsprayed, noted that after four years, 
seedling numbers, seedling species numbers and 
seeds were all higher in unsprayed plots.  Also, 
hedgerows next to unsprayed plots had higher 
species diversity, usually occasioned by an increase 
in annuals.  Net crop yields in the unsprayed plots 
were reduced by 9 to 18%.  In a study of 
biodiversity surrounding a point source of nitrogen 
pollution in northern England, Kovar  (1997) 
showed that hedgerows play an important role in 
the landscape in filtering acid pollutants, including 
N compounds.  They also served as a captivity 
storage for N in this type of agricultural landscape. 
The biodiversity of the hedgerow herb layer showed 
a clear dependence on the distance from the N 
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source.  Hedgerow orientation and adjacent land 
use had a lesser effect.  
 
Species movements 
There is little in the literature about plants moving 
from the adjacent land into the hedge-bottom.  
Presumably this is not common because available 
niches are rare.  However, Boatman and Theaker 
(1993) have suggested that cleavers is self-sustaining 
in fields and, in fact, may invade the hedgerows.  
Menneer (1994) considers that some species are in 
hedge-bottoms because of neighbouring land cover 
(e.g. heathland) and when these habitats are lost, 
then so are some species in the hedge (non-
sustaining species) while others remain (self-
sustaining) as a reservoir. 
 
In Northern Ireland Bell, McAdam and Henry 
(1994b) have studied the effects of four treatments: 
(i) unmanaged; (ii) fertilised and rotationally grazed 
with sheep; (iii) a 2 m wide strip ploughed along the 
hedge-base and sown with a game cover crop, the 
remaining 8 m harvested for silage; and (iv) as for the 
previous treatment except that the ploughed strip is 
left unmanaged to permit colonisation by natural 
flora.  The species diversity of the flora and fauna 
were monitored to determine which management 
option maximises the wildlife value of the field 
margin.  Early results of this long-term trial indicated 
the detrimental effects of sheep grazing and 
fertilisation on the field margin flora. 
 
Boatman et al. (1994) gave a useful summary of the 
effects of adjacent land on hedgerows: those 
hedgerows next to arable fields typically have a 
ground flora which is impoverished to a greater or 
lesser extent, largely due to the impact of agricultural 
operations in the adjacent field, and is often 
dominated by a few species of coarse herbs such as 
common nettle, false oat-grass, and hogweed.  Co-
dominant with such species are others which have the 
potential to become arable weeds e.g. the perennials 
rough meadow-grass, creeping thistle, couch, field 
bindweed and the annuals barren brome and cleavers.  
Farmers therefore often view hedgerows as a 
reservoir of weeds, and treat them accordingly, 
though they may unwittingly encourage the very 
species they are attempting to control.  
Conservationists, particularly botanists, often view the 
hedgerow ground flora with a similarly jaundiced eye; 
regarding the species present as common, widespread 
and not ‘interesting’.  Consequently, recent research 
has often been directed at attempts to replace existing 
vegetation with a species mixture considered more 
‘desirable’, rather than at the management of the 
indigenous flora (Smith & MacDonald 1989; Marshall 
& Nowakowski 1991).  Such an approach may 
provide benefits in terms of weed control, if only by 

widening the verge and providing an incentive to 
more careful management.  The association between 
species characteristic of mown or grazed grassland 
and verge width probably indicates the presence of 
wide grass verges which are kept regularly mown, a 
policy deliberately adopted by a few arable farmers.  
The negative association between barren brome, 
cleavers and couch and verge width indicates that 
these species at least are kept in check by this practice.  
An alternative approach, controlling weed species by 
the use of selective herbicides which do not damage 
non-target species, gives good results in the 
short-term but its effectiveness in the longer-term 
(over periods of two years or longer) has yet to be 
fully tested.  (Boatman 1989, 1992).  There may be 
some scope for complimentary use of these two 
approaches (Marshall & Nowakowski 1991). 
 
Field margin management 
The perceived and real problems of agricultural 
weeds spreading from hedgerows into adjacent 
crops have been reviewed above and reference to 
work on possible solutions was made in the 
previous section. 
 
Having showed that traditional spraying of field 
margins in an attempt to control weeds has proved 
largely unsuccessful (e.g. Boatman 1994), several 
research groups have examined the effects of 
introducing field margin management into normal 
agricultural practice.  This approach was 
summarised by Cummins and French (1994): the 
effects of land-use can be ameliorated by 
introducing wide headlands which can then be 
subjected to different management regimes from 
the remainder of the land (e.g. Smith & MacDonald 
1992).  This practice would be particularly valuable 
in croplands where hedge-bottoms have a markedly 
poor flora.  However, if a more diverse ground flora 
is to be re-established within, say, one metre of the 
hedge then the headland should be considerably 
wider than this so that the one metre strip itself is 
effectively buffered from land-use practices (Davis 
et al. 1990).  Even then, the seed bank of 
herbaceous species may be so depleted in some 
arable areas that a non-weedy hedge-bottom flora 
may not develop without assistance e.g. by seeding 
with appropriate wild species. 
 
Other studies have been reported by Boatman (e.g. 
1992), Smith et al. (1993), Sparkes et al. (1994) and 
Kleijn et al. (1997).  The whole subject area formed 
the theme for a conference of the British Crop 
Protection Council in 1994 and was fully reported 
in the BCPC Monograph No. 58, edited by 
Boatman.  Work in hedgerows in Northern Ireland 
has included examination of field margins (e.g. 
Hegarty 1992), showing relationships between plant 
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species and hedge characteristics and Marshall and 
colleagues (e.g. Marshall & Nowakowski 1994) have 
carried out research into the choice of wildflower 
and grass seeds for use in field margins.  The Game 
Conservancy Trust (undated), in its guidelines for 
the management of field margins, notes that 
conservation headlands may provide a refuge for 
rare and declining plants. 
 
RECOMMENDATIONS 
 
In the course of this review, the author has noted 
several specific recommendations or ideas for 
further research.  
 
Ideas for new research themes have included: 
 
• hedge management and shape - Carter 

(1983) called for more basic research on 
different management methods and the value 
of these for wildlife in the long term.  There 
is also a need to know the ideal hedge shape 
for different plant species. 

 
• colonisation - Hooper (1994) asked a series 

of questions: Why are some hedges rich in 
tree and shrub species and others not?  What 
is the mechanism of acquiring new species?  
If it is succession, are there associated soil 
changes, or is it the rate of death of originally 
planted shrub species that let new species in?  
And what controls which new species?  Is 
that controlled by availability in neighbour-
hood and attractiveness of fruits to birds? 

 
• connectivity - Burel and Baudry (1994) 

suggest that one might expect that new 
hedgerows connected with older ones will have 
a faster increase of species diversity, though, to 

our knowledge, this has not been 
demonstrated. 

• choice of species - Boatman (1994) calls for 
research to give a greater understanding of the 
factors affecting botanical composition and, 
combined with research into the habitat 
requirements of beneficial or otherwise 
desirable animal taxa, should enable the  
development of management techniques to 
utilise this potential more effectively whilst 
minimising any adverse impact on agriculture. 

 
• ‘quality’ and value - as early as 1968, in a 

discussion session of the Hedges and Hedgerow 
Trees Symposium at Monks Wood, Boote 
suggested that the key problem was to 
translate wildlife, amenity and aesthetic 
values into values which could be appreciated 
by those who took the decisions.   
 
Similarly, Tofts and Clements (1994)  
in describing their HEGS system  
(a methodology for the evaluation and 
grading of hedgerows), make the point that 
there needs to be agreement amongst 
ecologists on evaluation.  Hooper (1987) 
raises questions of conservation interest in 
relation to scale (e.g. what’s rare in Norfolk 
might be common in England as a whole). 

 
The literature is full of prescriptions for the ‘correct’ 
management of hedgerows and adjacent land.  To 
what extent these prescriptions are based on the 
results of scientific research, keen observation, 
ecological theory or sound common sense, is 
unclear.  In terms of recommendations for further 
research, it is perhaps sufficient to say here that any 
research results from further work should be 
compared with ‘current thinking’, as given in these 
many prescriptions. 
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THE INVERTEBRATE FAUNA OF 
HEDGEROWS 
 
Most British invertebrates are of woodland  origin 
and many find hedgerows a good substitute for 
woodland edges.  However, hedges are a 
comparatively young vegetation form and no strictly 
‘hedgerow’ species of invertebrates have yet 
developed.  Despite this, hedgerows contribute 
greatly to invertebrate biodiversity in intensively 
managed farmland. 
 
As a linear habitat, hedges have a large surface : 
volume ratio and this results in a high leaf surface 
index, two to three times higher than in woodland.  
Foliage consumption in hedges has been shown to 
be much higher than that in woodland, and in some 
cases it falls within the range measured in farmland 
and grassland ecosystems (Zwolfer & Stechmann 
1989). 
 
Biomass production in the hedgerow starts in the 
spring with the sprouting of new shoots and 
opening of flowers.  Many hedgerow shrubs come 
into leaf early in the year, well before most forest 
trees.  This early growth, combined with early 
flowering, provides a valuable food source for 
insects in spring.  Feeding and associated growth in 
the populations of phytophagous (plant eating) 
insects takes place in early summer, followed by an 
increase in entomophagous (insect eating) insects 
from mid-summer.  Late summer and autumn fruit 
production has less importance for invertebrates 
than for mammals and birds.  The major periods of 
hedgerow productivity ensure an additional food 
supply for the invertebrate fauna before and after 
the main production period of the surrounding 
open farmland.  Hedgerows, therefore, contribute 
to the continuity of biological production processes 
in farmed landscapes (Zwolfer & Stechmann 1989). 
 
The number of invertebrates which feed on a 
particular shrub or tree is related to the length of 
time it has been part of the native flora.  For 
example, Brooks (1980) has reported that oak 
(Quercus sp.), hawthorn (Crataegus sp.), elm (Ulmus 
sp.) and ash (Fraxinus excelsior), all native species that 

are common components of British hedges, are 
associated with 284, 149, 82 and 41 insect species 
respectively.  According to Kennedy and 
Southwood (1984), hawthorn has over 200 insect or 
arachnid species associated with it.  Recent 
introductions, in comparison, tend to have low 
numbers of invertebrate species associated with 
them, although they report that holly (Ilex aquifolium) 
may have as few as ten species associated with it.  
Hedgerows, in general, are known to support a 
tremendous diversity of invertebrates; with over 
1,500 insect species having been recorded at some 
time, living or feeding in hedgerows (Anon. 1995). 
 
Hedgerows contribute more to the wildlife of the 
general countryside than would an equivalent extent 
of woodland (Kirby 1995).  Their value is 
recognised by the Habitat Action Plans being 
produced by each county for Ancient/Species Rich 
Hedgerows.  For example the Worcestershire 
Biodiversity Action Plan lists stag beetle (Lucanus 
cervus), brown hairstreak butterfly (Thecla betulae), 
orange-tailed clearwing moth (Synanthedon 
anthraciniformis), a jewel beetle (Agrilus sinuatus), and a 
flea beetle (Altica brevicollis) as being invertebrate 
species of particular conservation interest associated 
with this habitat within the county. 
 
Molluscs 
The age of a hedgerow also has an important 
bearing on the number of invertebrate species 
present.  A study of the snail fauna in  ‘relic 
hedgerows’ of known age, in three English counties, 
found a correlation between the number of snail 
species and the age of the hedgerow.  20th century 
hedgerows had 1.4 to 2.0 snail species; 16th to 19th 
century hedgerows 5.4 to 6.8 species; and 11th to 
16th century hedgerows 7.0 to 9.9 species (Cameron 
et al. 1980). 
 
In another study, 21 species of land molluscs were 
recorded in nine diverse habitats in St. Ives, 
Cornwall.  Of these 16 were present in hedgerows, 
two more than in woodland and scrub combined, 
indicating the diversity of the hedgerow habitat 
(Menneer 1994).  For groups with limited dispersal, 
such as snails, connection to a source habitat has a 
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positive correlation with species diversity (Maudsley 
2000).  As well as vegetation structure and plant 
species diversity, distribution of fauna has also been 
correlated with plant species composition and, 
particularly for snails, hedgerow origin (Pollard et al. 
1974, cited in Forman & Baudry 1984). 
 
Spiders 
Maudsley et al. (2002) sampled spiders in hedge 
bases and foliage and found no significant 
relationship between spider abundance and hedge 
density or width.  Although the hedge bases 
generally supported a greater range and diversity of 
invertebrates than the hedge shrubs, many spiders 
were found in these shrubs.  Shelter from wind may 
also influence the abundance of spiders in hedge 
foliage and may be determined by hedge orientation 
or vegetation density.  Ysnel and Canard (2000) 
investigated the relationship between structure of 
spider communities and an index of hedge 
ecological quality.  They found that species richness 
and composition of dominant spider species were 
the same for hedges of different quality.  They also 
found that foliage orientation may be another 
factor, and should be taken into account when 
comparing spider communities inhabiting hedges. 
 
Insects 
Summer insect diversity in a hedgerow was shown, 
by Forman and Baudry (1984), to be higher than in 
an adjacent bean field and pasture, though the 
density was highest in the pasture.  The most 
abundant orders present were (starting with the 
most abundant): Hymenoptera (wasps, ants and 
bees), Diptera (flies), Hemiptera (bugs), Coleoptera 
(beetles), and Thysanoptera (thrips). 
 
Another study investigated the distribution of flying 
insects in an organic rye field, an adjacent hedgerow 
and a woodland edge.  The largest number of taxa 
(123) was found alongside the hedgerow, compared 
to 118 at the woodland edge and 94 in the centre of 
the field (Hradetzky & Kromp 1997).  Thomas and 
Marshall (1999) found that carabid diversity was 
lowest in the crop, low in crop edges and highest in 
the hedge at their study site. 
 
Springtails (Collembola) 
Alvarez et al. (1997a) showed that epigeic springtail 
(Collembola) population dynamics within arable 
fields were greatly affected by the proximity of a 
hedgerow.  Where a hedgerow was present, more 
species and a greater overall abundance were 
recorded near field edges in crops of spring sown 
barley or vining peas.  Alvarez et al. (2000) carried 
out a similar study looking at recolonisation by 
Collembola.  They found that the abundance of 
some species of springtail in the field was reduced 

by hedgerow barriers which shows that hedgerows 
could be important source habitats for colonisation 
or recolonisation of arable fields. 
 
Bumblebees (Hymenoptera: Apoidea) 
Croxton et al. (2002) investigated the vegetation 
communities within 15 green lane sites and in 
adjacent field margins.  Species richness was found 
to be significantly higher in the green lanes.  Bee 
numbers were also found to be significantly higher 
within the green lane habitat than they were on the 
other side of the hedges, adjacent to the field 
margins – this difference was related directly to the 
abundance of flowers within the habitat. 
 
True bugs (Hemiptera: Heteroptera) 
Species such as hawthorn shieldbugs, lacebugs, 
common barkbugs, forest bugs and common green 
capsids are commonly found on hawthorn and oak 
hedges.  Much of the research on these insects has 
been on distribution in relation to hedge diversity. 
Maudsley et al. (1997) and Marshall et al. (2001a) 
looked at different hedge types in England and 
Wales, and found that a mixed hazel hedge in Wales 
was most species-rich in Heteroptera, and that there 
was a positive relationship between the number of 
plant species at each site and the number of 
Heteroptera species.  The arable sites had fairly low 
species diversity for both plants and Heteroptera, 
which may have been due to the effects of intensive 
agriculture on hedgerow biodiversity.  Species 
richness of this group was dependent on floristic 
diversity of the hedge, and both the hedge and 
hedge-bottom were found to be important in 
determining composition of Heteropteran 
communities.  Some species of Heteroptera found 
in hedgerows are restricted to specific host plants, 
but most are generalists.  Many are highly mobile 
and Maudsley (2000) found that Heteroptera were 
less affected by lack of physical connections with 
source habitats compared to less mobile species 
groups.  Moreby and Southway (2001) investigated 
invertebrates, including Heteroptera, in hedges and 
arable fields surrounding them and found that for 
some Heteroptera, the hedge boundary contained 
the greatest species diversity. 
 
The majority of studies on the invertebrate 
populations of hedgerows have concentrated on 
beetles (particularly the ground beetles; family 
Carabidae) and butterflies. 
 
Ground beetles (Coleoptera: Carabidae) 
Beetles of the family Carabidae in hedgerows are 
considered to be primarily woodland species. The 
main reason for the concentration of research on 
this family is probably their role as important 
predators of crop pests such as aphids.  Pollard 
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(1968d) compared the carabids of an arable field 
and a neighbouring hedgerow with those of a 
woodland glade.  His results indicated that 
hedgerows provided a habitat for species that are 
restricted to dense cover, or those requiring shelter 
when crop cover is incomplete or absent.  Different 
carabid species have been shown to have different 
habitat preferences.  Maudsley et al. (2002) found 
that although carabids were mainly found in litter 
and the upper part of the soil profile, their 
distribution and species composition was also 
influenced by soil water content and 
monocotyledon material, possibly due to 
overwintering site selection.  They found that there 
was a differentiation between vertical layers as well 
as a horizontal differentiation. In their study of 
carabid communities in woodlands and woody 
linear features, Petit and Usher (1998) found that 
communities found in woods and hedgerows 
displayed the same species diversity and were both 
characterised by the presence of forest species. 
They found that the main factors constraining 
carabid communities were grazing intensity and soil 
type. 
 
The effect of field boundaries on carabid 
distribution has also been studied.  Holland et al. 
(2001) found that the greatest carabid diversity was 
located around field boundaries (where boundaries 
comprised of a hedge with a herbaceous/grass 
bank).  These boundaries were used for over-
wintering and provide a different habitat from the 
crop and better foraging resources. 
 
From a landscape context, a study in western 
France found a significant relationship between 
landscape structure and carabid communities.  
Forest-dwelling species were found to be more 
abundant in dense hedgerow networks surrounded 
by permanent grasslands.  Where the landscape was 
more open, small and mobile species were more 
abundant (de la Pena et al. 2003).  Petit and Burel 
(1998) studied the effect of landscape history on 
populations of a carabid beetle (Abax parallelepipedus) 
in a hedgerow network.  They found that 
distribution was related to connectivity of the 
landscape, but that there may be a time lag between 
changes in the landscape and reaction to these 
changes. 
 
Butterflies and moths 
Butterflies are considered to be of importance not 
only because of their aesthetic appeal, but because 
they can act as indicators of the quality of farmland 
habitat.  There are 54 species of butterfly found in 
lowland Britain, 23 of these breed in hedgerows, 15 
commonly. 
 

Of the 31 British butterflies which are originally 
woodland species, 15 breed in hedgerows.  This is 
true of only seven of the 22 ‘open country’ species.  
The one species originating in shrub vegetation also 
breeds in hedgerows.  Hedgerows support more 
species of butterfly than habitats such as 
unimproved permanent pasture and unimproved 
tall grassland (Thomas 1984, cited in Dover & 
Sparks 2000), so are an important habitat for 
butterflies. 
 
Hedgerows are of recognised importance for a 
number of butterfly species including the brimstone 
(Gonepteryx rhamni), which feeds on buckthorn 
(Rhamnus cathartica); the black hairstreak (Satyrium 
pruni) and brown hairstreak, which are dependent 
on blackthorn; the white-letter hairstreak (Satyrium 
w-album), on elm (Ulmus spp.); and the orange-tip 
(Anthocharis cardamines) and green-veined white 
(Pieris napi), on crucifers in the hedge bottom.  The 
brown hairstreak seems to be confined to 
hedgerows (Dowdeswell 1987). 
 
The commonest butterfly colonists of hedgerows 
are found in the family Satyridae (the ‘browns’), 
whose larvae feed on a range of common grasses.  
The distribution of different species in this family 
indicate the importance of all of the component 
parts of the hedgerow habitat.  Most closely 
associated with the shrub layer is the hedge brown 
or gatekeeper (Pyronia tithonus).  The grassland 
immediately adjoining the hedge is occupied by the 
ringlet (Aphantopus hyperantus).  The meadow brown 
(Maniola jurtina) is an insect of open grassland, 
whose main requirement is that the grasses on 
which its larvae feed should remain undisturbed 
throughout the year.  Formerly, its distribution in 
well established fields was widespread, but with a 
change in agricultural practice towards more short-
term leys it has been forced onto the strip of 
uncultivated land between the hedge and crop.  The 
speckled wood (Pararge aegeria) is also found along 
hedgerows (Dowdeswell 1987). 
 
Of the smaller British Lepidoptera 53 species are 
listed as having hawthorn as a food-plant.  Twelve 
are solely dependent on it, five being general leaf 
feeders, five leaf miners and two berry eaters (Elton 
1966). 
 
Studies by Menneer (1994), in Cornwall, have 
indicated that fourteen species of butterfly are able 
to sustain their populations totally within the 
hedgerow habitat - one third of the total number of 
Cornish species.  Approximately twelve other 
species are said to regularly visit hedges.  About 150 
of the larger moth species are usually self-sustaining 
in association with Cornish hedges (Menneer 1994). 
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The abundance and distribution of butterflies in 
hedgerows can be related to a number of factors.  
Geographic location, habitat quality, adjacent land 
use, environmental conditions and management, as 
well as shelter, insolation, nectar plant quality and 
plant species richness are important factors (Dover 
1996).  Dover (1999) found that (although 
differences were not significant), short hedges held 
more butterfly species than grass banks and 
similarly, Dover (1996) found that fewer butterflies 
were associated with grass banks and farm tracks 
adjacent to field boundaries where there was no 
shelter.  Butterflies were more common at 
intersections of hedges and woodland where there 
was more a more stable microclimate (in terms of 
shelter, elevated temperature and humidity).   
 
Studies on the effect of shelter in open countryside 
have shown that the protection provided by 
hedgerows, and in particular green lanes, is sought 
by butterfly populations (Dover et al. 1997).  Sparks 
et al. (1999) also found that most species were most 
abundant in green lanes compared to grass verges 
and hedged verges.  They also found individual 
species differences, with species such as speckled 
wood which are normally found in woodland being 
associated with lanes with a low width:height ratio 
(due to the shading effect).  In Norfolk, Sparks and 
Anderson (1999) found that a double hedged green 
lane supported a high density of butterflies such as 
meadow brown, ringlet and small veined whites, 
compared to other parts of the lane.  They also 
found that as wind speed increased, the green lane 
became a more valuable habitat, particularly for the 
ringlet butterfly.  Dover et al. (2000) also found that 
green lanes had higher butterfly abundance and 
diversity, and the interiors were particularly 
important because of lower levels of disturbance, 
reduced pesticide and fertiliser inputs and rich 
source of nectar. 
 
Some species, particularly those with stronger flight 
abilities such as the large white (Pieris brassicae), 
brimstone and small tortoiseshell (Aglais urticae) are 
less constrained by lack of shelter (Dover 1996). 
 
Ouin and Burel (2002) investigated whether 
butterfly diversity was influenced by landscape 
heterogeneity (in western France).  They found that 
landscapes with different quantities and qualities of 
various herbaceous elements did not support the 
same butterfly communities.  Compared to 
grasslands, linear herbaceous elements provided 
higher butterfly diversity.   
 
 
 
 

THE VALUE OF HEDGEROWS FOR 
INVERTEBRATES IN DIFFERENT 
AGRICULTURAL LANDSCAPES 
 
Ancient and Planned Countryside 
Lowland Britain can be divided into two principal 
landscape types (Rackham 1986): the ‘Planned 
countryside’, forming a triangle from the East 
Riding of Yorkshire to the northern half of East 
Anglia and across the Midlands to Dorset, and the 
‘Ancient countryside’ comprising the remainder of 
the lowland area.  Planned countryside contains 
more straight, species-poor, Enclosure Act hedges 
than Ancient countryside, whose hedges are 
generally older, richer in species and more sinuous 
(Clements & Tofts 1992).   
 
A good example of field boundaries in the Ancient 
(‘unplanned’) landscape is the ‘Cornish hedge’, as 
described by Menneer (1994).  These are often 
2500-5000 years old, older than hedges in most 
other parts of Britain.  They differ from the more 
typical thorn hedges in being stone-faced with a 
subsoil core with, or without, woody vegetation on 
the top.  In plant distribution the Cornish hedge 
often resembles a vertical flower meadow; in 
contrast to the thorn hedge, which is nearer to 
linear woodland.  Hedges in many parts of Devon 
and south-west Wales are similar in form to Cornish 
hedges.  This type of hedge provides suitable 
habitats for a greater range of invertebrates than 
planned countryside hedges. 
 
In exposed conditions, such as those prevailing 
across much of Cornwall, hedgerows provide 
effective shelter for many invertebrate species, 
particularly flying insects.  Of particular importance 
are the many ‘green lanes’ which may be too narrow 
for road traffic and, where not overgrown, provide 
a particularly sheltered environment for 
invertebrates (Menneer 1994). 
 
One illustration of the recognised value of 
hedgerows to wildlife in the Ancient countryside is 
the listing of all of the 4,000 km of hedgerows 
present in the Dartmoor Natural Area as key 
habitats in that area’s Biodiversity Profile (Anon. 
1997b). 
 
There has been no recent regional study of 
hedgerows, equivalent to that carried out in 
Cornwall by Menneer, within the Planned 
countryside.  However, some comparable data may 
be obtained from local studies on the impacts of 
development schemes on the wildlife of hedgerows 
in the vicinity (e.g. Williams 1996) and from local 
biodiversity studies. 
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The parish of Shapwick in Somerset has been the 
subject of a long term historical and archaeological 
study which has shown that Shapwick has a range 
of hedgerows of different ages, from ancient 
through to enclosure.  A recent study of the 
invertebrate fauna (Clements & Alexander 2004) 
has shown positive correlations between both the 
presence of Ancient Woodland Indicator Species 
and total numbers of saproxylic invertebrates and 
hedgerow age as evinced by historical evidence.  It 
was concluded that old hedgerows are an important 
habitat resource for these fauna, and can support 
good numbers of nationally and regionally scarce 
and local species.  
 
The role of hedgerows in invertebrate 
dispersal - corridors and networks 
Wildlife corridors 
Hedgerows can act as corridors for the movement 
of populations and so increase the connectivity of 
different parts of the farmed landscape.  Joyce et al. 
(1999) found that Nebria brevicollis (a carabid beetle) 
showed higher activity at hedgerow intersections 
and that gaps in the hedgerow and the hedge-
bottom were readily crossed.  There was also 
movement along the hedgerow, indicating it was 
used as a corridor.  Work by Dover (1990) 
suggested that 98% of butterfly movements were 
along field boundaries as opposed to across crops 
indicating their importance in agricultural 
landscapes as corridors for movement between 
habitats.  Long distance recaptures of released 
carabid beetles along a hedgerow and field margin 
suggested a corridor effect for these structures in a 
study by Thomas et al. (1997). The loss of landscape 
features, such as hedgerows reduces migration and 
dispersal possibilities for the majority of animal 
species, thereby decreasing biodiversity. 
 
A study by Burel and Baudry (1990), looked at 
hedgerow networks (in Brittany) as habitats for 
forest invertebrate species and the implications for 
the colonisation of abandoned land.  It concluded 
that hedgerows can be relatively good reservoirs of 
forest species in agricultural landscapes and that 
their presence will increase the rate of colonisation 
of abandoned land.  However, this process may still 
take an extremely long time in the case of animals 
with low rates of dispersal. 
 
The control of biodiversity in hedgerow networks 
was examined in a review by Burel and Baudry 
(1992).  Landscape variables such as distance from 
woodland and ‘connectedness’ between favourable 
habitats were found to control the spatial 
distribution of forest carabid species.  The most 
favourable conditions for the migration of forest 

carabids were the presence of two parallel hedges 
bordering a lane or, for a single hedgerow, a dense 
herbaceous layer and the presence of tree cover.  
Some species formed small localised populations in 
hedgerow network nodes, such as lane intersections 
or small areas of woodland attached to hedgerows.  
These hedgerows were then used for dispersal.  
Connectivity between small wooded habitats was 
shown to be necessary in order for populations to 
be maintained at the landscape level, as individuals 
dispersed from local populations using only 
hedgerows.  Where progressive removal of 
hedgerows occurred, this led to a decline in the 
abundance of forest carabids.  For a time the 
carabid assemblages in remaining hedgerows are a 
‘memory’ of those in the previous landscape until, 
eventually, the isolated population becomes extinct.   

The conclusions of this study emphasised that 
individual hedgerows cannot be considered in 
isolation and that where hedgerow removal or 
planting takes place a network should be 
maintained. 
 
Further studies (Charrier et al. 1997) confirmed the 
influence of hedgerow ‘quality’ in determining the 
efficiency of linear woody elements as dispersal 
corridors for forest carabid species.  They 
concluded that the value of lanes bordered by two 
hedgerows was as high as that of woodland, and 
suggested that such lanes should be preserved to 
ensure connectivity migration between local carabid 
beetle populations. 
 
Hedgerows as semi-permeable barriers 
Hedgerows may not function only as corridors, but 
also negatively as semi-permeable barriers in the 
landscape.  However, the consequences of this 
barrier effect on species conservation are poorly 
understood.  Field margins may significantly reduce 
the dispersal of carabid beetles between fields and 
increase the isolation of butterfly populations.  
Recent work (M Maudsley, pers. comm.) studying the 
activity of the carabid beetle Pterostichus melanarius 
showed that a hedgerow acted as a significant 
barrier to dispersal between fields.  20% of 
recaptures were of beetles released in opposite 
halves of the same field whereas only 5.75% of 
recaptures were from releases on opposite sides of a 
hedgerow. 
 
Another study, carried out by Fry and Robson 
(1994) in southern Norway, indicated that 
hedgerows can have a negative role in the dispersal 
of butterflies - as margins of tall vegetation formed 
barriers to butterfly movement.  Their observations 
showed that butterflies often fly parallel to a hedge 
and then cross when they reach a gap.  It was 
concluded that this barrier effect reduces dispersal, 
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increasing the isolation of fragmented populations.  
However, the authors suggested that this effect 
could be used in a positive way, with a combination 
of extended field margins and tall hedges being 
employed to direct butterfly movements over 
agricultural land, for example between patches of 
uncultivated meadow (Fry & Robson 1994).  It may 
be necessary to provide functional gaps in 
hedgerow networks to allow the dispersal of certain 
species.  However, such gaps may be 
insurmountable obstacles for other species using 
hedgerows as corridors, and so a conflict of interest 
arises.  This may be resolved through an improved 
understanding of the needs of different groups of 
species (Fry 1994). 
 
Conservation headlands were shown by Dover 
(1997) to slow down butterfly movement along 
hedges and make hedgerows less effective corridors 
by providing distracting resources.  This issue is 
however inconclusive and more detailed research is 
required. 
 
THE IMPACT OF HEDGEROW 
MANAGEMENT ON INVERTEBRATES 
 
As well as providing a valuable source of food,  
the hedgerow habitat is attractive to invertebrates 
because it can provide: 
a) suitable microclimates;  
b) a framework for landing, mating or 

attachment (e.g. spiders webs or pupal cases), 
and 

c) protection from predators, extremes of 
climate, or harmful agricultural operations 
(Zwolfer & Stechmann 1989). 

 
The management of hedgerows largely controls the 
various parameters of hedgerow ‘structure’ (e.g. 
width, height, and vegetation density and 
stratification), and determines to a large extent, how 
valuable hedgerows are to invertebrates. 
 
Effects of hedge cutting 
The high variability in insect distributions 
(compared to plants) in hedgerows makes it more 
difficult to detect management effects.  However, 
several studies have investigated possible effects.  
Sotherton et al. (1981) undertook a study of the 
arthropod fauna of nine Hampshire hedgerows, in 
three management categories.  Supporting data 
from similar hedgerows in Northumberland were 
also reported with the results of Sotherton’s study.  
The hedgerow management categories were:  
• uncut (not cut for more than five years, but 

still stock-proof) 

• cut (cut about eight months prior to sampling) 
and  

• ‘remnant’ (individual bushes and trees). 
 
Significantly more suckers (Psyllidae), 
Lepidopterous larvae, shield bugs (Pentatomidae) 
and leaf beetles (Chrysomelidae), and consequently 
more herbivores as a group, were present on 
remnant hedges than other types.  No significant 
differences were found between numbers of 
carnivorous insects, as a group, between hedge 
types - but there were significantly more flower 
bugs (Anthocoridae) and harvestmen (Opiliones) on 
remnant hedges than on cut hedges.  There were no 
significant differences between the numbers of 
saprophagous insects (i.e. those feeding on decaying 
matter) occurring on each hedge type.  The total 
number of taxa recorded was greatest on the cut 
hedges, indicating that the effects of hedgerow 
management through regular cutting is not 
necessarily detrimental to invertebrate diversity.  
The authors hypothesise that it may be the timing 
and intensity of management, coupled with the 
mobility and re-colonising ability of a particular 
herbivorous species, that will determine numbers of 
that species on hedges clipped within the previous 
twelve months (Sotherton et al. 1981). 
 
A number of studies (Marshall et al. 2001a, b and c 
and Maudsley et al. 2000) have investigated the 
effect on invertebrates of different timings and 
frequencies of hedgerow cutting.  Hedges were cut 
in February or September on annual, biennial or 
triennial cycles and the effects on invertebrates, 
berry production and hedge-bottom flora were 
assessed.  Cutting hedges at less frequent intervals 
had positive effects on vegetation, berry abundance 
and habitat quality for birds and mammals.  In 
terms of frequency and timing of cutting, 
invertebrates showed mixed responses.  A number 
of groups were more abundant on uncut sections 
(e.g. psyllids), certain groups were enhanced by 
trimming (e.g. Collembola, Thysanoptera) and for 
some taxa, cutting in February was detrimental.  For 
example, plots cut in February supported lower 
numbers of Lepidoptera larvae (and Diptera, 
though not to the same extent) than those cut in 
September.  Cutting late in winter will result in the 
removal of insect eggs laid during the autumn.  
Although later winter cutting was not good for 
invertebrates, it was more beneficial for birds and 
small mammals (due to the provision of berries). A 
relaxation in cutting would benefit vegetation 
structure, composition and berry abundance on 
hedgerows, but frequent cutting may be beneficial 
to invertebrates and regular management was not 
necessarily detrimental to all wildlife.  Annual 
cutting could result in increased invertebrate 



INVERTEBRATES AND HEDGEROWS 

HEDGEROW MANAGEMENT AND WILDLIFE       41

diversity due to stimulation of new growth and 
therefore increased food resource for herbivorous 
insects.  The most desirable strategy would 
therefore seem to be, on the basis of this research, 
to cut hedges at different times, in a farm-scale 
rotation.   
 
Most hedges are trimmed annually, using a flail 
(Hooper 1992; Britt et al. 2000), usually in late 
summer or autumn.  However, some hedges, 
particularly those beside public roads, may be 
trimmed more than once a year.  The adverse 
effects of such practices on the invertebrate fauna 
have been recorded in a long-term (34 years), large 
scale observation by Menneer (1994) in Cornwall.  
A ten year period in which Cornish hedges were 
flailed twice every summer (May/June and 
July/August) saw a reduction in butterfly species 
present, from 24 to three, and in moth species, 
from 68 to 19.  Later, after a three year period of 
reduced intensity trimming, Menneer reported the 
return of 14 of the previously recorded butterfly 
species, and a slight increase in the number of moth 
species present. 
 
The brown hairstreak butterfly, in particular, has 
been severely affected by modern methods of hedge 
cutting.  Oviposition of this species takes place on 
farmland hedgerows, on any unshaded Prunus bush - 
the majority of eggs being placed on projecting 
young stems, where they remain from late summer 
until May.  The brown hairstreak was locally 
distributed in the past, when hedges were cut by 
hand.  However, with the advent of mechanical 
hedge trimming, and the consequent increased 
intensity and frequency of cutting, the brown 
hairstreak is now a rare species, absent from all 
unwooded southern regions of Britain where hedge 
trimming is intensive (Thomas 1991). 
 
The shape to which a hedge is cut may also have a 
bearing on the invertebrate fauna within the 
hedgerow habitat, although the preferred shape 
appears to be a matter for debate.  Most hedges are 
rectangular, but Maclean (1992) has argued that 
maintaining a flat top on a hedge results in the 
accumulation of trimmings below the hedge, and 
the formation of a mulch which is generally 
detrimental to wildlife.  For this reason, Maclean 
preferred either an A-shaped hedge (which may also 
have the advantage of a wider base), or a rectangular 
hedge with a ‘chamfered’ top.  Maudsley et al. (2002) 
found that staphylinids benefited from a wider 
hedge-base, possibly because it would provide a 
less-disturbed habitat.  However, Deane (1989) and 
others have argued that an A-shaped hedge may be 
detrimental to insects.   
 

Taller hedges, providing a greater degree of shelter, 
are frequently said to be beneficial to hedgerow 
invertebrates, but most research has been mainly 
concerned with subsequent effects on the 
distribution of crop pests and beneficial insects in 
adjacent crops (Lewis 1969; Bowden & Dean 1977).  
However, Sparks et al. (1994), showed a positive 
correlation between hedge height and butterfly 
species richness.  Fewer butterfly species were 
present in transects containing no hedges, or hedges 
less than two metres tall, compared with transects 
with hedges taller than two metres. 
 
Results from research elsewhere, however, suggest 
that hedge height may be less important than hedge 
density in determining the local distribution of 
butterflies; and that the effect of shelter, as well as 
other measures of habitat quality, are important for 
butterflies (Dover et al. 1997).  Butterfly numbers 
were recorded in 1995 and 1996 on hedges 
managed in three ways; uncut, laid and coppiced.  
Unlike other studies (such as Sparks and Parish 
1995), significantly fewer butterflies were recorded 
along the uncut hedges than in the other treatments.  
This may have been because the hedges were 
young.  Uncut plots have sparse ground flora and 
these as well as the base of the hedge were grazed, 
leaving little protection from the elements (Sparks et 
al. 1996).   
 
There seems to be a consensus in the literature that 
only a small proportion of the total length of a 
hedgerow should be actively managed in any single 
year.  Management options suggested include 
managing a maximum of one third of the total 
length of any hedgerows on a farm in a single year.  
However, no scientific data to illustrate the value of 
such a management regime at farm scale (or larger) 
has been found. 
 
Some conclusions on desirable hedgerow 
management were reached in an unpublished 
report, by the Institute of Terrestrial Ecology, for 
the Department of the Environment (Hooper 
1992).  Hedgerows were also classified by Hooper 
into types on the basis of management.  The 
desirability of each type was listed.  The most 
desirable was an unmanaged hedgerow up to four 
metres high and four metres wide, with a 
considerable growth of bramble at the sides, but 
this was recognised as being unacceptable to 
farmers!  The classic ‘well managed hedge’, up to 2 
m high, but often only 1.5 m high or wide, and ‘A’ 
or box-shaped was listed as the most acceptable to 
farmers, but was thought to be less beneficial to 
wildlife.  A hedgerow up to four metres high and 
two metres wide, with only its sides trimmed, was 
suggested as a possible compromise.  
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Effects of hedgerow restoration, replanting 
and protection 
Other commonly encountered methods of 
hedgerow management include restoration, 
replanting and protection from grazing animals.  
Petit and Burel (1998) discussed the results of a 
study which showed that populations of forest 
species may survive in hedgerow networks for some 
decades after landscape changes have taken place.  
This time lag may provide a period in which 
restoration of connectivity using these methods can 
take place, allowing species distribution. 
 
A study in Northern Ireland, by Henry et al. (1992), 
investigated the effects of a range of restoration 
techniques on the micro-fauna of overgrown and 
unmanaged hawthorn-dominated hedges.  
Untreated sections of hedge were compared with 
sections which were either laid, cut to a height of 
1.5 m, or coppiced (with gaps being planted).  In 
the early stages of the experiment, unmanaged 
hedgerow sections had fewer invertebrate Orders 
present than any of the other three treatments,   
although only the laid treatment had significantly 
more.  The authors suggested that hedge laying had 
immediately created a dense structure suitable for a 
wide range of invertebrates, but that this may be the 
case for a relatively short time.  In later stages of 
hedge development, the coppiced treatments are 
likely to become a more suitable habitat for more 
insect groups. 
 
Marshall et al. (2001a and c) found that restoration 
of hedges involving an increase in plant diversity 
(gapping-up with new shrub species or hedge base 
restoration) had a positive knock-on effect on 
invertebrate diversity.  Layed hedges provided a 
greater diversity of herbaceous plant species in the 
verge, and provided large insect populations early 
summer (after the initial year).  This could provide 
more abundant resources for insectivorous bird 
species so this practice is particularly important for 
enhancing insect numbers and diversity.  Maudsley 
et al. (2000) also found that Hymenoptera and 
Diptera were more abundant in layed plots than in 
cut plots at some sites.  Coppicing on the other 
hand was found by Marshall et al. (2001a) to be 
detrimental to invertebrates, at least for the first 
year. 
 
The protection of existing hedgerows from damage 
by, for instance, livestock can improve its suitability 
as a habitat for invertebrates.  For example, wire 
fencing is stated to be an important factor in the 
preservation of the wildlife and structure of Cornish 
hedges (Menneer 1994).  The presence of wire 
fencing discourages livestock from damaging the 

face of the hedge or the hedge-bottom, and also 
ensures that the flail does not cut too closely. 
 
The replanting of hedgerows can affect their 
suitability for invertebrates.  As mentioned 
previously, the species of plants used can greatly 
affect the number of invertebrate species supported 
by a hedgerow.  Plant species characteristic of the 
local area should be preferred.  Concern has been 
expressed at the use of planting material which does 
not originate from local sources (e.g. Jones 1994), 
and further work in Wales (IGER 2000) has shown 
significant differential invertebrate herbivory 
between individual hawthorn provenances.  Their 
findings reinforce the possibility of further 
unknown ‘knock-on’ consequences for indigenous 
wildlife of planting alien material.  
 
In many parts of Devon, Cornwall and Wales 
hedgebanks are stone-faced with a topsoil core.  
Some local authorities (e.g. Dyfed County Council) 
may request that wall builders, when reinstating 
walls, re-use all soil saved from the former wall to 
ensure that some of the invertebrate population is 
transferred (Maclean 1992). 
 
Effects of hedge-bottom management 
A number of insect groups are known to make use 
of hedge-bottom vegetation, in at least part of their 
life-cycle, and to benefit from a well developed 
ground flora (Boatman et al. 1992).  It has been 
established that most overwintering by insect adults 
and larvae occurs in the hedge-bottom, including 
groups found in the hedge shrub layer during the 
summer. 
 
Hedge-bottoms may be subject to a variety of forms 
of management - depending on adjacent land use, 
the traditions of the area and the perceptions of the 
individual farmer.  These can range from no 
management (in neglected hedgerows) or an 
occasional trim at the same time as the hedge is cut, 
to deliberate annual applications of herbicides.  
Boatman et al. (1992) report that surveys of farmers 
at agricultural shows have shown that a large 
proportion (around 60%) of farmers use herbicides 
in their field boundaries.  No further details of the 
extent of these surveys, or explanation of the type 
and degree of herbicide usage, was given in this 
reference.  A more recent survey (Britt et al. 2000) 
found that some 40% of farmers sometimes or 
always sprayed weeds in hedge-bottoms.  In 
between the two extremes of management are 
various degrees of disturbance arising from active 
hedge-bottom management (e.g. frequent cutting) 
or other farm operations on adjacent areas, such as 
cultivations, or pesticide and fertiliser application 
(Boatman et al. 1992). 
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A study by Reidel (1995) examined the distribution 
of hibernating predatory beetles in field boundaries.  
Field inhabiting carabids, as a whole, showed a clear 
preference for the grass strip immediately adjacent 
to the cultivated area.  However, the small number 
of captured species that are known to fly showed no 
such preference, and were distributed further into 
the hedgerow.  The conclusion of this study was 
that dispersal by the majority of carabid species is 
by walking and that, on reaching the first 
appropriate site for overwintering, there is no 
further stimulus for immigration into the hedgerow 
interior.  Reidel recommended that the outer edge 
of the field boundary should be carefully preserved 
when soil cultivations are carried out. 
 
Cormie (1998, cited in Marshall et al. 2001c) found 
that in order to retain suitable habitat for 
overwintering invertebrates, cutting hedge-bottom 
vegetation in spring would be more appropriate 
than cutting in autumn, but this may not be a 
practical option.  Marshall et al. (2001c) also found 
that fertiliser reduction can maintain plant diversity, 
though it can be difficult to achieve.  Problem 
weeds can be controlled using selective herbicides 
since insect diversity is reduced where herbaceous 
flora is dominated by annual weeds.  The authors 
found that use of selective herbicides was effective 
against cleavers and barren brome which resulted in 
increased insect diversity.  However, some species 
found in hedge-bottom vegetation, which are 
considered to be agricultural weeds (such as 
common nettle, Urtica dioica), are actually important 
hosts for insects such as Heteroptera. 
 
Spraying hedge-bottoms can be particularly 
damaging to the invertebrate fauna of a hedgerow 
(Hooper 1992).  In commercial farming practice, 
herbicides are sometimes used to eradicate or 
manipulate the flora at the base of hedges.  The 
effect of this on carabid beetle and spider 
communities was assessed in a study by Asteraki et 
al. (1992) on a hawthorn hedge and adjacent 
grassland.  The use of a non-selective (i.e. ‘total’) 
herbicide reduced the number of carabid species 
present.  Spiders were also affected by the 
treatments, but to a lesser extent.  
 
An experiment to simulate the removal of the 
hedge-bottom flora was carried out by Pollard 
(1968b), in order to ascertain its effect on the 
invertebrate fauna of a hawthorn hedge.  The study 
was carried out over three years.  Some sections of 
the hedge-bottom were maintained free of 
vegetation and these were compared with untreated 
sections.  The fauna was divided into three 
categories: phytophagous, entomophagous and 
miscellaneous.  A reduction in the total numbers 

and biomass of all three categories was recorded, in 
herbicide treated sections, in the second and third 
year of the experiment.  The most marked effect 
was the reduction in the number of predators.  This 
occurred in all three years of the study. 
 
A further study (Pollard 1968c), on the same 
hedgerow, looked at the effect of similar treatments 
on ground beetles (Carabidae).  It was found that 
removal of the hedge-bottom flora changed the 
abundance of many carabid species.  This effect was 
attributed to changes in the microclimate of the 
hedge-bottom.  Species restricted to the hedgerow 
were greatly reduced, whereas species characteristic 
of bare soils were found more frequently in sections 
of hedgerow from which the ground flora had been 
removed. 
 
The spraying of hedge bottoms to kill common 
nettle (Urtica dioica) is listed as one of the 
contributory factors in the contraction of the range 
of the peacock (Inachis io) and small tortoiseshell 
(Aglais urticae) butterflies (Dowdeswell 1987).  The 
impact of direct application of herbicides to the 
hedge-bottom flora on butterfly populations is by 
immediate loss of larval food plants or nectar 
sources and also by the more gradual development 
of a species poor plant community.  Accidental drift 
of fertilisers into hedge bottoms also reduces the 
floristic diversity which is crucial for overall 
butterfly diversity (Longley & Sotherton 1996). 
 
Research by Joyce et al. (1997) looked at the 
biodiversity and mobility of invertebrates in 
hedgerows in Hampshire, using repeated 
applications of a pyrethroid spray.  They found 
around 200 species of invertebrate in the hedgerows 
sampled (the most dominant being Araneae, 
Coleoptera, Diptera, Homoptera, Heteroptera and 
Hymenoptera).  Populations before and after 
spraying were compared for these 6 orders.  Apart 
from Coleoptera, populations one month after 
spraying had not returned to pre-spraying levels.  
The only families that returned to levels equivalent 
to before spraying were Carabidae, Chrysomelidae 
and Staphylinidae (all in order Coleoptera).  
Although the numbers were not as great as pre-
spraying, Araneae and Homoptera did recolonise 
the sprayed area.  Recolonisation rates were fastest 
for Coleoptera and Araneae.  Coleoptera may 
colonise first because they are generally ground-
residing so may only climb into hedgerow 
vegetation to feed.  They can also use alternative 
food sources if necessary as they are opportunistic 
feeders, and being based in the bottom of the hedge 
may have avoided the pesticide. 
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THE EFFECT OF ADJACENT LAND USE 
ON INVERTEBRATES IN HEDGEROWS 
 
Much of the ecological research carried out in 
agricultural landscapes focuses on non-cropped 
areas, such as hedgerows, which may be considered 
as ‘islands’ within a hostile or neutral matrix of 
farmland.  However, hedgerows are not true islands.  
For instance, many species can utilise adjacent 
farmland (e.g. some carabid beetles that overwinter 
in hedgerows) - so that the field matrix has a 
permeability, that allows exchanges between 
different landscape elements.  The interactions 
between hedgerows and adjacent land use play an 
important role in maintaining biodiversity (Burel 
1996).  The quality of the narrow hedgerow habitat 
and, particularly, its suitability for invertebrates, is 
greatly affected by inputs from adjoining fields and 
land-use immediately adjacent to the hedge 
(Maclean 1992). 
 
Burel et al. (1998), cited in Baudry et al. (2000) 
looked at adjacent landscapes that differed in 
hedgerow density.  They found that for some 
groups of species (e.g. Diptera: Dolichopodidae, 
Empididae and Chiropodidae), species number 
decreased from dense to open landscapes.  For 
carabids however, species number did not vary 
significantly (though body size did decrease from 
dense to open landscapes). 
 
Field boundaries can directly influence invertebrates 
found within the uncropped edge as well as in the 
adjacent arable field (Moreby & Southway 2001).  A 
field headland with a hedge boundary can contain 
higher densities of beneficial invertebrates such as 
Heteroptera compared to a similar field adjacent to 
a non-woody edge such as wire fences.  Species 
with limited dispersal tended to be found in 
hedgerows rather than in the field.  Martin et al. 
(2001) found that, when released in cultivated 
habitats, forest carabid beetles moved towards 
woody habitats.  However, this was not conclusive, 
as in some enclosures, they did not show any 
preferences between woodland and cultivated areas. 
 
Field margins 
A hedgerow can be described as a thin strip of 
woodland and, similarly, the adjacent field margin 
can be likened to a strip of meadow.  A gradual 
transition between habitats from, for example, 
grassland via tall herbs and scrub to the hedge, 
provides many more niches for invertebrates than 
an abrupt boundary, even though there may be no 
additional plant species present (Kirby 1992).  Field 
margins, including features such as walls, ditch 
banks and wet ditches, enhance invertebrate 

diversity by increasing the variety of micro-habitats 
available (Dennis & Fry 1992). 
 
Sparks et al. (1994), recorded more butterfly species 
where a verge, or a ditch, of more than one metre in 
width was present, compared with boundaries 
containing verges, or ditches, less than one metre 
wide. 
 
A study by Sotherton (1985), examined the 
distribution and abundance of overwintering 
polyphagous predatory beetles in four types of field 
boundary.  The presence of a bank in the 
boundaries increased the number of overwintering 
predators present.  It was suggested that banked 
boundaries may be better drained, with a 
consequently lower risk of predators becoming 
frozen.  The vegetational characteristics were also 
thought to be important, particularly the density of 
tussock grasses.  The results suggest that predatory 
beetles are attracted more by hedgerows than by 
grass strips along wire fences, and that the 
maintenance of hedges on a raised grass bank would 
be of greatest benefit (Sotherton 1985). 
 
A study of the dispersal of two carabid species, 
Pterostichus melanarius and Harpalus rufipes, showed 
that the predatory P. melanarius was most abundant 
in hedgerows and field margin habitats in June, but 
dispersed into adjacent cereal fields in early July; 
suggesting that these habitats are important sources 
for field colonisation by this species.  In comparison 
the mainly phytophagous H. rufipes showed very 
little change in distribution, due to its diet being 
available in the hedgerow (Thomas et al. 1997). 
 
Field boundaries remain the primary uncropped 
habitats available to butterflies on arable farmland, 
but most have been degraded by modern farming 
methods (Feber et al. 1994).  Butterfly populations 
and species diversity in field margins, however, can 
be enhanced by careful and sympathetic 
management.  For example, the high number and 
variety of butterflies recorded in one study was 
attributed to several factors including the presence 
of hedgerows and their associated shrubs, a rich 
hedge-bottom flora, and the fact that this was 
gradually grazed in late summer, rather than 
forming part of the hay cut (Hooper 1992). 
 
Part of hedgerow research by McAdam et al. (1994), 
in Northern Ireland, compared the impact on 
carabid diversity of various grass field boundary 
management practices.  Hawthorn hedges formed 
the boundaries between the grass fields.  Four 
different treatments were imposed on the land on 
each side of the hedge.  These were: 
1. Fertilised and rotationally grazed with sheep 
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2. Two metre strip adjacent to the hedge 
ploughed and sown with game cover  

3. Two metre strip adjacent to the hedge 
ploughed and left unmanaged 

4. Unmanaged control.   
 

Two years after the imposition of the alternative 
management treatments (2 to 4), there were 
significantly more beetle species present in all of 
them than in the ‘fertilised and grazed’ treatment.  
Populations of four key indicator species - Abax 
parallelepipedus, Clivina fossor, Leistus fulvibarbis and 
Pterostichus melanarius, were found to be reduced by 
grazing/fertilising, particularly in late summer.  The 
findings indicate the importance of the field margin 
as a source of biodiversity in grassland, most species 
having been found in the hedgerow, hedge-bottom 
and within 0.5 m of the hedge-bottom.  The 
importance of protecting the field margin from 
grazing and fertiliser application was indicated.  The 
authors also concluded that, from the wildlife 
perspective, there is little advantage to be gained in 
fencing further out than 1 metre from the hedge 
(McAdam et al. 1994). 
 
Dover (1999) compared different field margin types 
(grass banks, short hedges, tall hedges and wood 
edge) and found that although differences were not 
significant, short hedges held more species and 
grass banks held the fewest.  Another study on 
green lanes and hedges found that although there 
was no difference between grass banks and 
hedgerows in terms of species richness or 
abundance, hedgerows did have significantly 
different species richness and abundance than the 
field-side or interior of green lanes (Dover et al. 
2000).  Dover (1996) conducted a study around five 
arable fields, bounded by hedges, grass banks, 
gardens, roads and a railway line.  Most butterflies 
were found to be associated with hedgerows and 
wood edges, especially at intersections.   
 
Extended field margins 
Studies of the effects of establishing ‘extended field 
margins’ have tended to concentrate on the margin 
itself and the adjacent cropped land, with little 
information being collected on the effects on 
invertebrate populations in hedgerows.  The only 
invertebrates for which any substantial amount of 
data has been found are the butterflies. 
 
Dover et al. (1990) stated that butterfly populations 
may benefit substantially from consistently low 
pesticide usage in field margins, especially on farms 
where the majority of cereal fields have 
conservation headlands.  These headlands may 
increase butterfly densities through the provision of 
nectar. 

Feber et al. (1994) compared the effects of different 
types of boundary strip on the meadow brown 
butterfly; showing that the presence of an extended 
grassy boundary strip significantly increased the 
abundance of meadow brown adults, when 
compared with narrow, unmanaged boundaries 
exposed to herbicide drift or direct applications.  
Other forms of management of the grassy boundary 
strip also affected butterfly abundance, summer 
mowing having a particularly deleterious effect.  
The authors conclude that restoration and 
conservation management of field margins benefits 
the common grassland or hedgerow butterfly 
species most - as they are not unduly demanding in 
their habitat requirements, but have suffered as a 
result of agricultural intensification and poor field 
margin practices.  This, and other studies have 
shown that increasing boundary width can result in 
increased butterfly densities. 
 
The structure and complexity of field boundaries 
affect the quantity and deposition patterns of 
drifting pesticides.  In a study examining summer 
pesticide spray drift into field boundaries (Longley 
et al. 1997) tall grasses in the hedge-bottom were 
found to filter out drifting spray droplets, thereby 
reducing the volume of chemical reaching the 
opposite side of the hedgerow.  In an associated 
experiment the absence of tall vegetation in the 
hedge-bottom (or in the field), led to higher levels 
of field boundary contamination during autumn 
spray applications.  The adoption of unsprayed 
headlands, of at least six metres’ width, significantly 
reduced such contamination, especially when 
spraying was carried out at low wind speeds 
(Longley & Sotherton 1997b). 
 
It may be concluded that such ‘conservation 
headlands’ act as a protective buffer zone against 
pesticide drift, which may be especially valuable 
where hedgerows have good floristic diversity or 
where new hedgerows are being established.  
However, unsprayed headlands need to be 
maintained over consecutive years to be of long 
term value. 
 
ENHANCING INVERTEBRATE 
DIVERSITY IN HEDGEROWS 
 
One way of achieving greater invertebrate diversity 
is to increase hedgerow floral diversity.  This 
increases the potential range of host-specific 
invertebrates.  A hedge rich in tree and shrub 
species is also likely to have a more extended 
flowering season than a species-poor hedge.  This is 
particularly beneficial to nectar and pollen-feeding 
invertebrates and, therefore, to their predators 
(Clements & Tofts 1992). 
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Marshall et al. (2001a and 2001c) looked at ways of 
increasing botanical diversity of hedge-bottom 
vegetation in order to increase the associated 
invertebrate fauna.  Of the different methods used, 
re-sowing with a perennial seed mix proved to be 
most effective, particularly on the arable site 
(compared to grassland).  Fertiliser reduction can 
also help to maintain plant diversity, though may be 
difficult to achieve.  In order to increase the 
botanical diversity to retain suitable habitat for 
overwintering invertebrates, cutting hedge-bottom 
vegetation in spring would be more appropriate 
than cutting in autumn.  They also found that insect 
diversity was reduced in herbaceous flora 
dominated by annual weeds and that this flora must 
be managed in order to enhance biodiversity in 
hedgerows. 
 
The presence of trees in hedgerows has been shown 
to increase invertebrate biodiversity by such 
obvious means as the provision of an increased 
number of available niches.  Old trees are especially 
important as they provide a substrate for epiphytic 
mosses and lichens, on which a range of small 
invertebrates feed and live.  Dead trees and timber 
also provide habitats for a range of invertebrates 
not encountered elsewhere.  When hedgerow trees 
are felled as large a stump as possible should be left, 
which may then take 10-20 years to rot.  When clad 
with ivy, these stumps provide a late-summer nectar 
source for many insects (Menneer 1994). 
 
Spatial distributions of flying Diptera were studied 
by Peng et al. (1992), who trapped flies at three 
levels and two distances from an emergent 
hedgerow tree.  The distribution showed dramatic 
differences, with all families except one being 
caught more frequently close to the tree.  The tree 
appeared to act as a centre of biological attraction, 
and would be likely to provide a food source, 
mating station, swarming marker or shelter.  The 
authors concluded that hedgerow trees are an 
important influence on the distribution and local 
concentration of the dipterous fauna of lowland 
Britain, with a major impact on other species such 
as birds and bats.  Such trees greatly increase the 
faunal diversity of lowland Britain. 
 
A study for MAFF (IGER 2000) compared the 
effect on hedge structure and fauna of planting 
different provenances of hawthorn and mixed 
species hedges (birch, rowan, sessile oak, hawthorn, 
blackthorn, European gorse and heather).  The 
different hawthorn provenances showed variable 
growth rates and differing degrees of invertebrate 

herbivory.  In the mixed species hedge, 
combinations of oak, hawthorn and gorse attracted 
the most diverse invertebrate taxa.  In general, 
where there was more than one shrub species  
present, there was a greater diversity of 
invertebrates. 
 
CONCLUSIONS 
 
In conclusion, the potential of hedgerows to 
maintain or increase invertebrate abundance and 
diversity in the agricultural environment has been 
confirmed in a number of studies. 
 
The huge range of invertebrate groups or species 
present in hedgerows means that recommending 
specific management techniques to be used in all 
situations is likely to disadvantage some species.  
Overall, a diversity of hedgerow management at 
both the farm and landscape scale is most likely to 
benefit biodiversity as a whole.  However, some 
management options have obvious beneficial effects 
which can help to mitigate against the effects of 
modern farming practices.  These include 
maintaining or establishing a diverse hedgerow flora 
by minimising herbicide and fertiliser applications 
and livestock grazing damage, perhaps by the use of 
extended field margins or fencing.  Obviously the 
application or drift of insecticides into hedgerows 
must be avoided. 
 
Rotational hedge management at the farm scale 
allows the development of a range of hedge types 
and associated habitats.  Some hedges may be 
trimmed annually, with others being allowed to 
grow with just their sides being trimmed. 
 
The timing of cutting may be critical.  There is some 
evidence that summer cutting can be favourable to 
some invertebrate groups, but this practice is likely 
to be detrimental to other invertebrates (as it is to 
small mammals and birds). 
 
At the landscape scale the aim must be to avoid the 
isolation of hedgerows from other favourable 
habitats such as woodlands, extensively managed 
grasslands, etc.  Isolation can occur by the direct 
removal of hedgerows or by the degradation of 
existing hedgerows.  The most favourable 
conditions for the maintenance of biodiversity in 
hedgerow networks are achieved by the presence of 
green lanes, dense herbaceous growth and 
hedgerow trees. 
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GENERAL BACKGROUND AND THE 
IMPORTANCE OF HEDGES 
 
British herpetofauna is generally considered to include 
six species of amphibians, (common frog (Rana 
temporaria), common toad (Bufo bufo), natterjack toad† 
(Bufo calamita), smooth newt (Triturus vulgaris), palmate 
newt (Triturus helveticus), great crested newt (Triturus 
cristatus)), and six species of reptile, (common lizard 
(Lacerta vivipara), sand lizard† (Lacerta agilis), slow worm 
(Anguis fragilis), grass snake (Natrix natrix), adder 
(Vipera berus), smooth snake† (Coronella austriaca)); rare 
species are indicated by a dagger.  There is very little 
published work on the ecological importance of 
hedges to these species.   
 
It is difficult to define the importance of hedgerows 
to this group of species because they are not very 
apparent in a terrestrial habitat and because of the 
difficulty of observations within dense hedgerows.  
The use of hedgerows, as suggested by most 
surveys, is likely to be greatly underestimated.   
31% of all herpetofauna records in the Biological 
Record Centre contain some habitat description and 
H. Arnold (pers. comm.) has summarised the 
records taken within hedgerows.  Less than 0.4% of 
records for each of the amphibians are from 
hedgerows.  Very little habitat information is 
recorded for the rare reptiles and only 0.3% of 
adder records are from hedgerows.  However, just 
under 2% of grass snake records and just under 3% 
of both slow worm and common lizard records 
were made in hedgerows.   
 

Amphibians 
Research on amphibians has concentrated on their 
breeding sites in water bodies.  Pond density has 
declined dramatically this century as their 
importance in farming has dwindled.  Pond density 
is likely to be greatest in pastoral systems, woods 
and gardens and hence the concentration of 
amphibians in these habitats.   
 
A summary of known sites of the great crested newt 
in Huntingdonshire (Cooke 1984) confirms the 
paucity of locations in arable systems.  However, a 2 
ha garden ‘island’ in an otherwise arable landscape is 

described as one of the more heavily populated sites 
for great crested newts in Britain (Cooke 1985, 1986).   
 
Trapping at this site revealed that adults made much 
use of arable land prior to harvest and that trappings 
were greater in damper weather.  Both young and 
adult newts were caught in the hedge dividing the 
gardens from the arable land.  These results suggest  
a terrestrial need by Great crested newts for adequate 
vegetation cover (either in the crop or in the 
hedgerow) and that movement is increased in damper 
conditions.  Studies at De Montfort University 
suggested that hedges were of lesser importance than 
gardens but those with a wide base and thick 
vegetation were more significant than poorly 
managed, gappy hedges (R. Oldham, pers. comm.). 
 
Swan and Oldham (1993a) have published the 
results from a common amphibian survey 
containing 11 thousand records, just under half of 
which included detailed habitat information.  Survey 
sites were mainly ponds which were reported as 
existing in a low density in both upland and arable 
lowland.  The authors stated that predominantly 
arable landscapes were hostile to frogs and great 
crested newts.  Some adverse effects of hedgerows 
for frogs and toads were suggested by linear 
discriminant analysis.  This may, in part, be caused 
by other related factors, such as shading and water 
depth.  However, an examination of the appendices 
to that report suggest that where records exist in an 
arable situation the proximity of a hedge is 
important for frogs, toads and palmate newts.  
More detailed analysis of the data from the surveys 
would be valuable. 
 
The natterjack toad is currently restricted to some 
coastal and inland heath sites and hedgerows are of 
no value to this species.  Indeed as the natterjack 
occurs mostly in open poorly vegetated habitats, the 
presence of hedges with dense ground vegetation may 
lead to increased colonisation by, and subsequent 
competition with, common toads (e.g. Denton & 
Beebee 1994).   
 
Smith (1971) stated that hedgerows offer protection  
to toads hibernating on dry banks under hedges.   
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C. Reading at CEH Dorset (pers. comm.) has studied 
both the grass snake and the common toad.  
He suggests that toads are likely to avoid hedges with 
no ground flora or debris.  Hedges do not have to be 
wide, but ground cover is important both to provide 
shelter and as a source of prey insects.  Adjacent 
ditches are thought to be of benefit, indeed wet 
ditches have been observed to function as migration 
routes for breeding toads (M. J. S. Swan, pers. 
comm.).  Studies at De Montfort University using 
trapping and radiotracking has reinforced the view 
that hedgerows are important refugia for common 
toads (R. Oldham, pers. comm.). 
 
R. Oldham at De Montfort University (pers. 
comm.) suggested that hedgerows are capable of 
supporting a high density of amphibians.  Ground 
cover is thought to be vital.  It is questionable 
whether amphibians are dependant on hedgerows as 
corridors but use is made of agricultural land where 
suitable vegetation cover exists and, indeed, in some 
circumstances, hedges may act as obstacles.  A ditch 
within a hedgerow will be of benefit but will not be 
essential.  Hedgerows may be important refugia 
during cold or exceptionally dry spells.   
 
Reptiles 
Reptiles like a mosaic of diverse terrestrial habitats; in 
arable landscapes diversity may be created by hedges.  
Two of Britain’s rarest reptiles (smooth snake and 
sand lizard) are mainly restricted to heathland 
habitats, though in continental Europe they are more 
common and make more use of hedgerows (e.g. 
Street 1979).  The remaining reptiles are variously 
described as using hedgerows as part of their habitat 
(e.g. Smith 1971).  Moore (1968) indicated that all six 
reptiles breed in hedges but only one (unstated, but 
presumably the common lizard) is commonly  
found breeding in hedges.   
 
Smith (1971) reports that the slow worm hibernates 
in holes in dry banks, including those banks contained 
within hedgerows. 
 
C. Reading at CEH Dorset (pers. comm.)  
has investigated the movement of grass snakes.  This 
work is done mainly in a pasture/woodland 
landscape.  Grass snakes commonly occur on 
vegetated banks within hedges.  Grass snakes do 
make occasional use of arable fields and seem to  
use hedges as corridors between hibernating and 
breeding areas on a farm and for hunting.  As for 
toads, hedges do not have to be wide but ground 
cover appears to be important and toads often form  
the prey of grass snakes.  Adjacent ditches are again 
likely to be of benefit.  Prestt et al. (1974) suggested  
that the grass snake remains in close proximity to  

water, but this may not be the case in summer after 
amphibian dispersal. 
 
Prestt (1971) reported similar findings for the 
dispersal of the adder.  He reported movement of 
adders between hibernation areas (thickly vegetated 
dry elevated ground) and summer areas (along the 
sides of ditches in river meadows) using linear 
features including hedges.  A seasonal movement of 
1-1.5 km was reported.   
 
Swan & Oldham (1993b) in a report on a survey of 
reptiles state that reptiles were most frequently 
encountered in woodland, moorland and grassland 
and rarely in arable.  Of the common reptiles, the 
grass snake was most likely to be associated with 
arable land.  Hedgerows are not specifically 
mentioned in the report though they were included in 
site description categories.  
 
An undated British Herpetological Society leaflet 
stressed that hedgerows were important for the 
conservation of reptiles. Common lizards use 
hedgerows, feeding on insects and spiders.  The adder 
is also described as being associated with hedgerows.   
 
THE EFFECTS OF HEDGEROW 
MANAGEMENT ON AMPHIBIANS AND 
REPTILES 
 
Though the evidence is largely circumstantial it 
appears that Britain’s herpetofauna make little use of a 
purely arable landscape.  There is little direct 
information on the effect of hedgerow management 
on these species.  However, a hedgerow complex 
with a dense ground flora that contains a dry bank 
and a ditch are much more likely to be used.  For 
amphibians these will have to be within 0.5-2 km of  
a pond, preferably within pasture.  The two common 
snakes seem to make use of the hedgerow complex as 
a corridor for dispersal, as a food source and as a site 
for hibernation.  Other reptiles will use dry banks 
within hedgerows for hibernation and as feeding 
areas.  In continental Europe hedgerow banks may be 
warm enough to encourage breeding of the smooth 
snake and sand lizard. 
 
With the paucity of information on this group of 
species it is difficult to suggest appropriate hedge 
management techniques.  Hedgerow height does not 
appear to be important, although a dense ground  
flora must be retained.  The incorporation of dry 
banks and ditches within the hedgerow complex will 
be of benefit and a continuous hedgerow network will 
be of value to the dispersal of at least the two 
common snakes. 
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THE IMPORTANCE OF HEDGEROWS 
TO BIRDS 
 
General 
Hedges provide a resource for many birds, for 
nesting, song perches, roosts, food supply, shelter 
from predators and for movement.  Lack (1992) 
summarises much of our current knowledge on 
habitat use by birds in a lowland arable landscape.  
Of 55 species of birds considered, 27 routinely use 
hedges for nesting and feeding and a further 16 will 
nest and feed in hedges if populations are high.  
Earlier work by Moore (1968) suggested that of 91 
lowland terrestrial species of birds, 65 bred in 
hedges (23 commonly so).   
 
A large proportion of the British avifauna is thus to 
be found in hedges.  In some situations hedges may 
have the attributes of woodland edge (e.g. Inglis et al. 
1994), whilst in landscapes of low woodland density 
they may provide the only suitable habitat for 
woodland bird species.  A diversity of habitats is 
required for bird species diversity.  Non-productive 
areas are usually very important for wildlife.  These 
non-productive areas include field edges, hedges, 
scrub and some woodland.  Hedges probably hold  
a greater number of breeding birds than any other 
feature in farmland (Lack 1992) and as such are vital 
for bird conservation in farmland.  However, no 
species, except perhaps the cirl bunting (Emberiza 
cirlus), is restricted to a purely hedgerow habitat.   
In his study of an English parish, Wyllie (1976) 
concluded that bird populations are generally tree  
and hedgerow dependent. 
 
A study of an arable farm in Hampshire (Fuller 1984) 
recorded 52 nesting species.  Songbird territories 
averaged 21/km2 in crops, 969/km2 in woodland and 
13/km length of hedgerow.  The latter figure suggests 
a greater density of birds in hedges than in woods per 
unit area of woody material.  Elsewhere the relative 
densities of birds in hedgerow and woodland are 
compared (e.g. Krebs 1971; Inglis et al. 1994; Fuller et 
al. 2001) but this comparison depends largely on how 
the area of the hedge as a habitat is defined.           
The general decline in farmland birds has received 
much attention (e.g. Fuller et al. 1995; Gregory  & 

Baillie 1998; Mason 1998) and the relative importance 
of woodlands and hedgerows for birds has been 
discussed (Fuller et al. 1995). 
 
Cracknell (1986) studied foraging behaviour of birds  
in the same Hampshire area as Fuller (1984).  Many 
species, for example chaffinch (Fringilla coelebs), 
whitethroat (Sylvia communis), dunnock (Prunella 
vulgaris) and blackbird (Turdus merula) foraged close  
to the hedgerows.  A study by the RSPB of the cirl 
bunting suggested that the species rarely forages more 
than 30 m from a hedge in winter.  These studies 
demonstrate the importance of hedges as  
a base for foraging into the adjacent crop. 
 
There is little doubt that hedges are used by small 
birds as corridors, for movement between habitats, 
for example between woods (e.g. Haas 1995), but it is 
difficult to definitively prove the reluctance of birds to 
cross large open areas.  Blackwell and Dowdeswell 
(1951) reported that an open playing field acted as a 
barrier to the movement of blue tits (Parus caeruleus).  
Published work on wildlife corridors has been 
reviewed by Spellerberg and Gaywood (1993),  
Dawson (1994) and Beier and Noss (1998). 
 
Small birds undoubtedly use hedgerows for 
protection from birds of prey (Hull 1998) and from 
nest robbing. Dense hedgerows will inevitably offer 
greater protection. Nest predation in hedges may be 
higher than that in woods for some species (Gassman 
& Glueck 1993; Chamberlain et al. 1995; Eybert et al. 
1995; Major et al. 1999)). 
 
Hedgerow removal 
O’Connor (1987) reported that a greater density of 
field boundaries led to a greater areal density of birds; 
in fact 24 out of 57 examined birds were reported to 
be more numerous when field boundary density was 
greater.  It is not surprising, therefore, that the drastic 
reduction in the density of hedgerows that has 
occurred post-war has generally been detrimental to 
bird species (Williamson 1971; Bull et al. 1976;  
Lack 1987).   
 
On occasions, the reduction has had a lower-than-
expected effect when populations have been below 
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capacity, resulting in a greater density in the remaining 
hedges.  A range of response by individual species to 
hedge removal has been observed; Lack (1987) 
reported that the great (Parus major) and blue tits fared 
worst whilst the yellowhammer (Emberiza  
citrinella) was least affected of the common species  
because of its preference for arable crops.  However, 
even yellowhammer numbers have been shown to be 
related to hedge density (Kyrkos et al. 1998).  Fuller et 
al. (2001) suggested that species richness was only 
adversely affected when hedge density fell below c. 8 
km/km2.  Gillings and Fuller (1998) suggested that 
habitat loss might be of secondary importance to loss 
of habitat quality. It has even been suggested that 
hedgerow loss may reduce predation rates (Eybert et 
al. 1995). 
 
Hedge types and bird species richness  
It would be naive to believe that a single structure  
or type of hedge will be ideal for all bird species.  
Each species has its own preferences.  Lack (1992) 
suggested that woodland birds (e.g. chaffinch) were 
most associated with tall hedges, whilst birds 
associated with scrub (e.g. dunnock and 
yellowhammer) were less fussy.  Some species  
(e.g. corn bunting (Emberiza calandra) and skylark 
(Alauda arvensis)) were more abundant in the absence 
of trees and hedges.  Songbird territories in Fuller’s 
(1984) study were twice as numerous in tall hedges 
compared to short hedges and similar preferences 
were shown in the later work of Cracknell (1986).  
O’Connor (1987) reported that in lower hedges, nests 
produced fewer young and Parslow (1969) briefly 
reported a lower success rate in shorter hedges, 
possibly due to predation by rats.  More recent work 
(Fuller et al. 1997) confirms the link between hedge 
density and species richness at the landscape scale. 
 
O’Connor (1987) suggested that tall wide hedges 
would promote a hedge base flora, important for 
many species (e.g. yellowhammer and whitethroat 
(Stoate & Szczur 1994)).  Osborne (1982, 1984) 
reported the adverse effects of hedgerow tree loss 
and that bird-rich hedges were associated with  
a larger hedge basal area, containing many tree 
species and some dead timber. 
 
Lakhani (1994) summarised hedgerow survey results 
from ITE (Parish et al. 1994a, 1995), RSPB (Green  
et al. 1994) and Oxford University (MacDonald  
& Johnson 1995).  These surveys reached broadly 
similar conclusions to those of O’Connor (1987) 
which suggested that species richness was enhanced 
in tall broad hedges.  The presence of a ditch, woody 
species richness, base flora, berries and flowering 
(attracting invertebrates) were all beneficial to bird 
populations.  All three of these surveys were based in 
lowland Britain, though the RSPB survey achieved 

greater geographical coverage.  Within these studies 
individual species preferences were identified, some 
species were attracted to hedgerow trees and adjacent 
land use had an effect.   
 
Using an alternative approach, Arnold (1983) used 
landscape blocks as a basic sampling unit.  However 
the importance of hedgerows, woody species richness 
and ditches was still very apparent in his work. 
 
Lack (1988) reported a much greater density of  
birds at hedge intersections than in sections.   
Of 12 examined species, ten were more abundant  
in intersections, five of these (wren (Troglodytes 
troglodytes), robin (Erithacus rubecula), blackbird, blue  
tit and great tit) significantly so. 
 

The preference of individual bird species  
The work carried out by The Game Conservancy 
Trust and others have identified the habitat needs  
of native game birds (e.g. Jenkins 1961; Rands 1986;  
Rands 1987; Sotherton & Rands 1987).  These 
suggested a preference by partridges for short 
hedgerows with a dense base flora adjacent to arable 
crops.  Conservation Headlands have been shown to 
benefit these species.   
 
Stoate and Szczur (1994) found that the majority of 
yellowhammer and whitethroat nests occurred in field 
margins.  These were numerous in the presence of 
vegetated ditches and the importance of a denser base 
flora was demonstrated.  Both species were much 
lower nesting than chaffinch, which was also recorded 
in the study; in fact the yellowhammer often built on 
the ground.  The mean nest height for chaffinches 
(1.26 m) suggested that short hedges were unlikely to 
be preferred by this species. Mason and Macdonald 
(2000) reported contradictory results with both 
whitethroat and yellowhammer preferring taller 
hedges. However, further results by  The Game 
Conservancy / Allerton Trust (e.g. Stoate 1999; 
Stoate et al. 2001) confirm preferences for lower 
nesting. An earlier study by Mason (1976) reported 
higher survival in warbler nests below 60 cm but 
identified species height preferences; the lesser 
whitethroat (Sylvia curruca) needed a greater vertical 
structure than other Sylvia warblers.   
 
Sparks et al. (1996) summarised the hedgerow 
preferences (particularly height) for a number of 
breeding bird species. Very obvious differences 
existed between species; birds normally associated 
with woodlands requiring a greater vertical structure. 
 
An unpublished RSPB study of the cirl bunting 
indicated a preference for large untrimmed hedges of 
diverse composition.  Since the species can nest up to 
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late September the need to delay cutting in order to 
protect this species is vital. 
Adjacent land use 
Early papers by Alexander (1932) and Chapman 
(1939) suggested a greater abundance of birds in 
pasture fields than in arable crops even after 
hedgerow density was taken into account.  It is 
interesting to note that both these studies pre-date 
modern pesticide practices.  Williamson (1967), Parish 
et al. (1994a) and others all suggested a lower density 
of birds in arable situations and this pattern has been 
confirmed in winter surveys (Wilson et al. 1996; 
Buckingham et al 1999; Chamberlain et al. 2001). This 
may only be partly explained by hedgerow 
management differing between the two types of 
regime.  Conversely, individual species may also show 
a preference for arable field boundaries over pasture 
boundaries, for example skylark and corn bunting.   
 
The Boxworth Project (Grieg-Smith et al. 1992) 
compared contrasting pesticide regimes.  Some 
potentially debilitating pesticide effects were observed 
on skylark and house sparrow (Passer domesticus). 
Within the ‘full insurance’ category there was a decline 
in starling density, and a reduction in the size of tree 
sparrow (Passer montanus) nestlings.  Otherwise no 
effect on the breeding of four species of hole-nesting 
birds was detected.   
 
A comparison of birds in organic and conventional 
farming systems (Chamberlain et al. 1999) suggested 
higher numbers of hedgerow birds on organic farms, 
though this may be largely attributed to a more 
relaxed hedge management. Further work on birds in 
different farming systems and on set-aside have 
confirmed a general avoidance of winter sown crops 
in preference for set-aside or stubbles (e.g.  Wilson et 
al. 1996; Buckingham et al 1999). 
 
The hedgerow as a food resource  
Hedges are a very important resource for fruit and 
berry production (Snow & Snow 1988).  Recent 
management advice, for example the Countryside 
Commission’s Hedgerow Incentive Scheme 
(Countryside Commission 1992) and Defra’s 
Countryside Stewardship Scheme (Defra 2003) 
recommended delaying cutting until early in the new 
year to maximise the food value of the hedge whilst 
preventing disturbing nesting birds.  They also 
recommended that the hedge is cut no more than 
twice every five years and that height be kept to a 
minimum of 2 m.  This advice is supported by the 
findings of Sparks and Martin (1999) and Croxton 
and Sparks (2002). Croxton and Sparks (in press) 
reported the timing of berry availability and stressed 
the need to avoid autumn cutting to allow birds to 
feed on berries. 
 

The BTO Winter Farmland Hedgerow survey 
(Tucker 1989; Chamberlain et al. 2001) indicated that 
berry producing species were important for a number 
of bird species, including redwing (Turdus musicus) and 
fieldfare (Turdus pilaris).  In fact, internationally 
significant numbers of redwings and fieldfares may 
depend on berry stocks in British hedges (R. J. Fuller, 
pers. comm.).  Birds were more numerous in the early 
part of the winter, presumably feeding on the berry 
crop. The feeding preferences of birds have been 
described in Snow and Snow (1988).  Some work on 
hedge management carried out by FWAG in 
Wiltshire included berry production studies 
(Moorhouse 1990).  These indicated that the bulk of 
fruit production occurred above 2 m. 
 
Most studies of hedgerow bird populations have been 
carried out in summer months.  The exceptions to 
this have been the work of Parish et al. (1994a, 1995) 
and the BTO winter survey (Tucker 1989; 
Chamberlain et al. 2001).  The latter survey confirmed 
that similar hedgerow characteristics to those in 
summer encourage diversity in winter, i.e. large 
hedges, few gaps, dense basal cover. However, as in 
summer, there are exceptions notably red-legged 
partridge and skylark .  O’Connor (1987) believed that 
the value of hedgerows in winter was undoubtedly 
underestimated. 
 
THE EFFECTS OF HEDGEROW 
MANAGEMENT ON BIRD 
POPULATIONS 
 
General effects 
Suggestions of suitable hedgerow management for 
bird species have usually been based on the findings 
from correlative studies that have examined the 
relationship between numbers of birds and attributes 
of hedges. 
 
Many of these suggestions have been incorporated by 
Firbank et al. (1993) into guidelines on management 
of set-aside for wildlife.  They suggested that taller 
thicker hedges, especially in meadows, could support 
more species than short frequently trimmed or gappy 
hedges and described the benefits of extending 
hedges by incorporating scrubby margin.  They also 
suggested that saplings should be encouraged to 
develop into hedgerow trees. 
 
Osborn (1987) reported that overgrazing, 
agrochemical application and burning have had 
adverse effects on the hedge base flora.  A problem 
with gappiness caused by elder (Sambucus nigra) may 
require special treatment.  She recommended that 
hedges should be managed individually to achieve 
their greatest potential.  Joyce et al. (1988) suggested 
that continued trimming reduced hedgerow vigour, 
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accelerating ageing and leading to death and 
gappiness. 
 
The Countryside Commission (1974) suggested  
that management could be directed to producing  
a continuous interconnected system of large hedges 
to serve both aesthetic and wildlife needs and 
which, where possible, should be widened to 
include awkward corners, damp areas and other 
agriculturally unproductive land.  In reporting the 
further deterioration of hedges within their study 
sites the Countryside Commission (1984) suggested 
over-management would lead to gradual 
deterioration.  The practice of herbicide spraying of 
hedgerow bottoms leads to unknown effects on the 
hedge itself.  Gappy hedges are susceptible to 
various problems, including damage by stock. 
 
The management of the adjacent field edge will 
inevitably influence the value of the hedge for birds.  
The base flora merits protection from herbicide 
application, not only to provide nesting cover and  
a food source, but also to restrict development of  
annual weeds.  Work on Conservation Headlands has 
demonstrated clear benefits to game birds, but these 
benefits have not been demonstrated for other groups 
of birds (Fuller 1984; Cracknell 1986;  
Green et al. 1994).   
 
The effects of hedge management on food supply, 
both within and adjacent to the hedge, is likely to 
have implications on birds and is an area that merits 
further examination. 
 
Specific effects 
Work by The Game Conservancy Trust (e.g. Rands  
& Sotherton 1987) has suggested methods of 
managing field margins, including hedgerows, for the 
benefit of game birds.  They recommend biennial 
trimming and the retention of a perennial flora at the 
base of hedge.  For game birds a short hedgerow of  
less than two metres tall is recommended.  Whilst this 
contrasts with the recommendations for species 
diversity generally, it reinforces the view that blanket 
management will not benefit all species.  Indeed tall 
hedges are good for driving game birds on a shooting 
day (N. W. Sotherton, pers. comm.).  Aebischer et al. 
(1994) stressed the dense cover needed by grey 
partridges for nesting and that hedgerow density 
(km/ha) was important. 
 
A preliminary analysis of the BTO winter survey 
(Tucker 1989) suggested a greater abundance of 
thrushes, as much as double, in untrimmed hedges 
and that shape was important to overall abundance.   
When recent trimming had taken place, there was less 
difference in the value of the five examined hedge 
shapes.  Neglected hedges or undercut and irregular 

hedges supported more birds than those subject to 
long term management.  Earlier work by Moore et al. 
(1967) also suggested higher bird numbers in uncut 
hedges, particularly those of hawthorn (Crataegus sp.). 
 
The A-shaped hedge, much favoured in some 
quarters, was possibly the poorest bird habitat of the 
five examined types (Tucker 1989).  The A-shaped 
hedge is a bit of an anachronism.  In the past it seems 
to have been promoted as a hedge of conservation 
value but Moorhouse (1990) suggested it was 
detrimental to base flora, whilst elsewhere it has been 
suggested that it promotes a thick shrub base.   
 
O’Connor (1987) supported the idea that tall wide 
hedges will promote a base flora. Whilst based on 
limited data, the severe trimming of three hedges in 
Cambridgeshire resulted in the total loss of breeding 
birds (Parish et al. 1994b).  Hedge coppicing in 
Hertfordshire (Lack 1987) led to a substantial loss of 
bird territories.   

GAPS IN KNOWLEDGE  
 
Estimates of bird density in hedgerows are available, 
as is the knowledge of how these are affected by 
adjacent land use and the presence of intersections. 
Hinsley et al. (1995) found higher bird densities in 
small woodlands with more hedgerow connections.  
It would be interesting to see how bird density 
changes in hedges close to woodland and for what 
distance a woodland exerts an influence over  
a connected hedgerow system. Suitable raw data 
already exist from the BTO’s Common Bird Census 
records but would require interrogation. 
 
Several studies suggest that bird species richness is 
enhanced in hedgerows of diverse shrub composition.  
The value of planting new hedges of diverse 
composition could be investigated on an experimental 
basis: using some hedges of pure hawthorn, and 
others of mixed composition.  Monitoring of the 
subsequent bird populations must be considered as a 
long term exercise.  Alternatively, results might be 
more quickly, but less accurately, obtained by taking a 
relatively diverse hedgerow and gradually reducing the 
floral diversity of one or more of the layers (base 
flora, scrub species, climbers etc.) and examining the 
effects on bird populations.   
 
Most lacking in studies of birds are experimental 
manipulations of hedgerows.  Few of the studies of 
bird populations have looked at hedge management  
per se.  Rather, most have looked at existing hedge 
composition and dimensions and their relationship 
with bird populations.  Whilst this approach can 
indicate appropriate management, this was not the 
primary focus of the research.  Some work was 
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carried out by FWAG in Wiltshire (Moorhouse 1990) 
but involved small samples.  More work could be 
done to investigate the food supply of hedgerows in 
both summer and winter. The RSPB survey (Green et 
al. 1994) recorded the shape of the hedge cross 
section but did not include this information in their 
analysis.  In order to supply Defra with hard 
recommendations on appropriate forms of hedge 
management an experimental management 
programme is necessary.  It is envisaged that such 
research would require fairly homogenous hedgerows 
to provide the experimental material and a properly 
designed experiment comparing management  
could be carried out on these.  Baseline monitoring 
would be necessary to ensure, or adjust for any lack 

of, homogeneity in the bird populations.  The 
disadvantage of experimental management  
for hedgerow birds is the long plots required 
(probably 200m). 
In recent years there have been admirable examples 
of the exploitation of existing data sets (e.g. Gillings & 
Fuller 1998; Chamberlain et al. 2001) and much 
additional information on hedgerow birds has been 
gleaned. More work on the effects of contrasting 
hedge shapes is evidently necessary, as is information 
on the quality of particular hedges (e.g. composition, 
density, cover, food supply) from a bird’s perspective. 
A study on reproductive performance in farm hedges 
could help to address concerns about high predation 
rates in some hedge studies and general declines in 
farmland populations.   
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INTRODUCTION 
 
Although comprising only a small proportion of the 
UK countryside, hedgerows are an important, and 
often essential habitat for many species of mammal 
within the agricultural landscape.  The majority of 
Britain’s mammals evolved in deciduous woodland 
(Tew 1992), but many species have now become 
adapted to existence within the agricultural 
framework of field margins and border features.  
Mammals utilise hedgerows in a variety of ways, 
from shelter (Tapper & Barnes 1986) and feeding 
(Angelstam et al. 1987), to use as corridors for 
dispersal (Spellerberg & Gaywood 1993). 
 
A loss in hedgerows over the last 20 years (Barr et 
al. 1994) has been associated with a relative decrease 
in the biodiversity of agricultural habitats (Menneer 
1994).  This has resulted in changes in government 
policy, such as the withdrawal of grant aid for hedge 
removal, the introduction of legislation to protect 
‘important’ hedgerows and the provision of further 
incentives for hedge management and planting 
(Dwyer 1994).  The rate of hedgerow loss now 
seems to be reducing (Barr et al. 1994; Haines-
Young et al. 2000). 
 
This section collates research information on most 
species of mammal that are regularly encountered 
within the farmland landscape. 
 
THE UTILISATION OF HEDGEROWS 
BY MAMMALS 
 
Hedgehogs (Insectivora: Erinaceidae) 
Hedgehogs (Erinaceus europaeus) are most abundant 
where there is close proximity of grassland to 
woodland, scrub or hedgerow.  The hedgehog is 
likely to be present in nearly all lowland agricultural 
habitats where there is sufficient cover for nesting.  
Hedgehogs utilise hedgerows for nesting in 
summer, and for hibernation in winter.  However, 
despite the animal’s appropriate name, there 
appears to be only limited information available on 
the types, or management, of hedgerow preferred 
(Corbet & Harris 1991; Morris 1993).   
 

Hedgerows that have an abundant food supply of 
ground living invertebrates, and a dense basal layer 
of vegetation, should probably be encouraged for 
the benefit of this species. 
 
Shrews (Insectivora: Soricidae) 
Common shrews (Sorex araneus) and pygmy shrews 
(S. minutus) are widespread wherever there is ground 
cover, and are frequently live-trapped in hedgerows 
by researchers (Tew et al. 1994).  Both common and 
pygmy shrews are rarely caught away from 
hedgerows in agricultural habitats.  Those that are 
occasionally found within the field are likely to be 
nesting in a hedgerow, and only briefly venturing 
into the field for foraging (Tew et al. 1994). 
 
It has been suggested (e.g. Plesner Jensen 1993) that 
factors other than vegetation cover influence the 
distribution of shrews.  Food availability was found 
to be particularly important. All shrews are 
insectivores.  Common shrews take a wide variety 
of invertebrate prey found within hedgerows; 
especially beetles, earthworms, woodlice, spiders, 
slugs, snails and insect larvae.  The diet of pygmy 
shrews is similar, except that they do not take 
earthworms (Corbet & Harris 1991).  The 
abundance and distribution of common shrews is 
therefore thought likely to be primarily dependent 
on the distribution of earthworms, while the density 
of surface-living invertebrates determines pygmy 
shrew numbers. 
 
Occasionally water shrews (Neomys fodiens) can be 
found in hedgerows up to 3 km from water (Corbet 
& Harris 1991).  It is likely that these animals are 
dispersing, and that hedgerows are important 
corridors between suitable habitats, such as streams 
and ponds (Tew et al. 1992). 
 
Bats (Chiroptera) 
Until very recently almost nothing was known 
about the habitat requirements of bats, particularly 
for foraging (Harris & Woollard 1990).  Bats are 
now known to fly along hedgerows to travel 
between roosts and feeding sites (Entwistle et al. 
1996, Jones et al. 1995), to exploit available insect 
populations (Ransome 1996), and for protection 
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against predators or wind (Limpens & Kapteyn 
1991; Verboom & Huitema 1997).   
 
The presence of continuous hedgerows close to 
maternity roosts is very important for the Pipistrelle 
(Pipistrellus pipistrellus) (Oakeley & Jones 1998).  
These, and other bats with echo-location calls of 
limited range, such as the Brown long-eared (Plecotus 
auritus), rely very strongly on continuous landscape 
features for orientation (Entwhistle et al. 1996).  
Larger bats with a longer range sonar, such as the 
serotine (Eptesicus serotinus), travel further from roost 
to feeding site, and are less dependent on such 
features (Verboom & Huitema 1997), but still use 
trees and hedgerows as corridors (Robinson & 
Stebbings 1997). 
 
Linear vegetation features have been found to 
correlate positively with the distribution and 
foraging habitat of bats in Britain (Walsh & Harris 
1996a, 1996b).  Continuation of unbroken 
hedgerow corridors and management to increase 
insects, particularly moths, will help benefit bat 
populations.  Lamplit roads or hedges, with more 
insects flying around street lamps, have been found 
to attract more bats (Blake et al. 1994); but some 
species, particularly the horseshoe bats, avoid lit 
areas. 
 
The removal of trees and hedgerows, as well as 
fragmenting habitat connectivity, increases surface 
wind speeds, making it more difficult for insects to 
fly on windy nights, and reducing the amount of 
food available to bats (Harris & Woollard 1990).  
Loss of hedgerow trees also reduces the availability 
of potential roost sites, and may affect populations 
of tree roosting species, such as the noctule 
(Nyctalus noctula). 
 
Rabbits and Brown hares (Lagomorpha: 
Leporidae) 
Many hedgerows contain rabbit (Oryctolagus cuniculus) 
burrows.  Management of hedgerows to maximise 
biodiversity and increase populations of mammals 
generally may also increase rabbit populations.  This 
is unlikely to be popular with farmers, and may even 
militate against management for wildlife where 
rabbits are already a problem (Deane 1989). Actions 
to control rabbits may, therefore, need to be 
included as part of a hedgerow management plan.  
Rabbits can physically damage hedgerows by 
browsing, bark stripping or excessive burrowing.  
This could potentially reduce species richness and 
diversity, and the hedgerow’s effectiveness as a 
stock barrier. 
 
The brown hare (Lepus europaeus) is a species which 
seems to have two main habitat requirements.  

Brown hares feed in arable areas where cereal 
growing predominates (Corbet & Harris 1991), but 
also require a resting area.  This may also provide 
shelter if it is a tall crop, woodland, or hedgerow 
(Tapper & Barnes 1986).  Hedgerows are mainly 
used during the day for shelter, whereas open fields 
are used for night-time feeding. 
 
Both rabbits and hares can cause severe damage to 
newly planted hedges, unless they are well protected 
by fencing or plant guards. 
 
Voles (Rodentia: Muridae: Arvicolinae) 
Two species of vole are commonly found on 
farmland, the bank vole (Clethrionomys glareolus) and 
the field vole (Microtus agrestis). 
 
Bank voles 
The bank vole’s preferred habitat is deciduous 
woodland (Corbet & Harris 1991), but they can also 
be found in hedgerows throughout the year.  
Indeed, Tattersall et al. (2002) found bank voles 
significantly more abundant in hedgerows than they 
did in woodland, and they were more common in 
woodland edges that were bounded by hedgerows.  
In Britain, the bank voles preferred foods are fleshy 
fruits and seeds when they are available.  At other 
times leaves are eaten, those of woody plants being 
preferred to herbs, and dead leaves are eaten during 
the winter (Corbet & Harris 1991).  Bank voles have 
been found to be very dependent on the presence 
of hedgerows in agricultural areas, rarely moving far 
from them (Pollard & Relton 1970).  As with 
shrews, ground cover is an important habitat 
requirement (Gurnell 1985), as is hedgerow 
connectivity (Paillat & Butet 1996).  FitzGibbon 
(1997) found that during the autumn bank voles 
were more abundant in woods connected with 
hedges, and that herb cover was also important in 
determining abundance.  Additionally, Bellamy et al. 
(2000) found that bank voles were most numerous 
on road verges with large, and particularly tall, 
hedges.  
 
The distribution of voles within hedgerows has also 
been associated with the abundance of seeds and 
berries (Poulton 1994).  Observations by Tew 
(1992, 1994), suggest that as the cover of the crop 
increases throughout the summer, bank voles 
frequently forage up to 25 m from the hedgerow.  
Food availability may be low in the crop, but it is 
possible that the invertebrate fauna within the cereal 
crops represents an alternative when food 
abundance is relatively low in the pre-fruiting 
hedgerow (Tew 1994). 
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Field voles 
Field voles are herbivorous, feeding primarily on 
green leaves and stems of grasses.  Their favoured 
habitat is rough, ungrazed grassland, however lower 
population densities do occur in marginal habitats 
such as hedgerows (Corbet & Harris 1991).  Both 
species of voles are known to cause damage to 
forest trees and other woody species, and may feed 
on young plants in new hedges.  Bank voles have 
been recorded eating tree bark (Keeler 1961).  Field 
voles can cause considerable damage to grassland, 
as well as young plantations of fruit trees and 
woody stemmed agricultural plants (Corbet 
& Harris 1991). 
 
Mice (Rodentia: Muridae: Murinae) 
Wood mice 
The association between wood mice (Apodemus 
sylvaticus) and agricultural habitats is well 
documented (e.g. Green 1979).  They are common 
within hedgerows, but are also able to exist entirely 
within cultivated areas (Pollard & Relton 1970).  
Their high population densities in many farmland 
hedgerows suggests that they adapt easily to change 
and are great opportunists on arable land 
(Kotzageorgis & Mason 1997).  Angelstam et al. 
(1987) and Poulton (1994) found a very strong 
association between the abundance of hedgerow 
berries and wood mice capture rates.  Recent diet 
choice studies have shown that wood mice have a 
preference for some of the foods available within 
hedgerows, whilst avoiding other foods completely 
(Plesner Jensen 1992).  Of the naturally available 
foods, blackberries (common in hedges) are the 
most favoured.  Preferred crop plants include 
sweetcorn, wheat and oilseed rape.  In spring, when 
fruits and seeds are not available, the hedgerow may 
still provide shelter and bolt-holes for mice foraging 
on open margins and fields (Montgomery & Dowie 
1993).  Weisel & Brandl (1993) found a higher 
density of small mammals on the southern rim of a 
hedge; this may have been due to better food 
resources than in the centre or on the northern rim 
of the hedge.  Woods et al. (1996) have briefly 
considered the potential of new hedgerows as 
harbourage for wood mice and bank voles and their 
implications as agricultural pests.  Wood mice are 
only known to cause problems very occasionally, 
when sugar beet is drilled (Flowerdew 1997).  Apart 
from this occasional seasonal problem, their benefit 
as prey for a wide range of carnivorous mammals 
and birds should outweigh their status as a pest. 
 
Yellow-necked mice 
Yellow-necked mice (Apodemus flavicollis) mainly 
occur within mature deciduous woodlands.  
Hedgerows are marginal habitats for this species 
(Corbet & Harris 1991), however populations can 

be found in old, well-established hedgerows.  Some 
hedgerow management, such as coppicing has lead 
to the complete abandonment of it by yellow-
necked mice (Kotzageorgis & Mason 1997).   
 
In a study of hedgerows in Germany, Sohler (1996) 
found that, perhaps surprisingly, yellow-necked 
mice preferred areas with little or no foliage, whilst 
wood mice preferred areas with dense foliage. 
 
Harvest mice 
The harvest mouse (Micromys minutus) is a species of 
which little is known about its general ecology.  
Harvest mice favour areas of tall, dense vegetation, 
in which their breeding nests are found (Corbet & 
Harris 1991).  In a Mammal Society survey (Harris 
1979) hedgerows were the habitat in which the 
largest percentage of nests were found (13.4%).  
This may, however, be a biased figure, affected by 
the choice of habitat types searched by recorders.  
Despite this, hedgerows must feature as a very 
important resource for harvest mice, probably for 
both food supply and nest building. 
 
Dormice (Rodentia: Gliridae) 
Common Dormouse 
The common dormouse (Muscardinus avellanarius) is 
a species traditionally associated with deciduous 
woodland with plenty of secondary growth and 
scrub.  Hazel (Corylus avellana) was thought to be an 
almost essential species that provided the principle 
source of food, in the form of nuts, for fattening 
prior to hibernation (Bright et al. 1996), although 
recent studies have regularly found dormice in 
hedgerows far from any hazel (Eden & Eden 1999).  
In a Mammal Society survey (Hurrell & McIntosh 
1984) hedgerows were found to be their second 
most important habitat, although Bright and 
MacPherson (2002) found that densities of dormice 
within hedgerows were comparable to those within 
woodlands, so hedgerows can certainly provide a 
high quality habitat.  They found that population 
density was primarily related to hedgerow height 
and secondly to shrub diversity.  Hedgerows that 
supported densities of dormice comparable to 
woodlands needed to be at least 4m high.  
Intensively managed, low diversity hedgerows 
lacked dormice.  Also important was the association 
within habitats between scrub, hedgerow and 
bramble.  For example, a dense woodland with no 
secondary layer and no surrounding hedgerow 
might not provide the necessary food or cover.  
Bright et al. (1994) and Bright (1998) emphasised 
the importance of hedgerows for the survival of 
dormice, relating the use of hedges as corridors for 
dispersal.  This was confirmed by Bright and 
MacPherson (2002) who found that densities of 
juvenile dormice were inversely related to the 
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proximity of ancient woodland, implying that 
hedgerows do indeed act as dispersal corridors.  
During this study, radio-tracking found that 
dormice fed on bramble, dog-rose and hazel and 
avoided hawthorn, and their ranges covered a 
smaller area than those in woodlands. They state 
that “hedgerows therefore need to be diverse and productive to 
supply them with sufficient food”.  That dormice need 
diverse, ancient hedgerows, as Bright and 
MacPherson (2002) suggested, is different to the 
view of Chanin and Woods (2003) who also found 
dormice at lower densities in heavily flailed and low 
diversity hedges.  They also found dormice nests 
within hedgerows and dormice present for more 
than one month in 50% of hedgerow sites.  This 
suggests that dormice are resident in, at least, the 
better quality hedgerows.  
 
Foxes (Carnivora: Canidae) 
The fox (Vulpes vulpes) is a highly adaptable, 
unspecialised species.  Its lack of specific habitat 
requirement is one reason for its success in Britain 
(Corbet & Harris 1991).  Fox earths are often found 
in hedge-bottoms.  They undoubtedly utilise 
hedgerow habitats as a major source of food.  
However, even with removal of hedgerows, foxes 
may still be able to adapt to a change in habitat, 
such as they have done in the urban environment 
(Harris 1986). 
 
Martens (Carnivora: Mustelidae) 
Stoats and Weasels 
In agricultural areas stoats (Mustela erminea) and 
weasels (Mustela nivalis) hunt mainly along field 
boundaries where prey is most abundant (Tapper 
1979).  Hedgerows which support large populations 
of small mammals (mice, voles and shrews) and 
rabbits will encourage these predators.  Weasels 
tend to hunt exclusively in hedgerows throughout 
the winter and spring, but forage in arable fields 
during the summer (Tew 1992). 
 
Polecats 
Results from a radio-tracking study carried out on 
polecats (Mustela putorius) indicated that hedgerows 
are the third most important habitat type for this 
species, after woodland edges and farmyards (Birks, 
1998).  In areas devoid of woodland, therefore, 
hedgerows could be a very beneficial habitat for this 
species - as it expands its range eastward across 
England. 
 
Rabbits in hedgerows are the polecat’s major food 
source and their burrows provide resting sites.  
Hedgerows also function as corridors for the 
dispersal of the species (J. Birks, pers. comm.). 
 

Badgers 
Badger (Meles meles) numbers are highest in south-
west England, where they are mainly associated with 
deciduous woodlands and pasture.  Populations are 
at a much lower level in the predominantly arable 
landscapes of East Anglia where changes in habitat, 
including the removal of hedgerows, have caused 
significant reductions (Harris & Woollard 1990).  
Skinner et al. (1991) found similarly low badger 
populations in Essex, thought to be a result of 
farming intensification. 
 
Hedgerows often contain the entrances to badger 
setts.  Neal and Cheeseman (1996) found that in 
areas where woods and copses were scarce, 
hedgerows and scrub were the most commonly 
used alternatives for sett locations.  In Somerset and 
Devon, they found that there were almost always 
badger setts in hedgerows where they were 
traditionally set on banks, or if there were disused 
farm tracks bounded by banks with overgrown 
hedges. 
 
Deer (Artiodactyla: Cervidae) 
Agricultural crops tend to be fast growing and of 
high nutritional value - making them a desirable 
food source for deer.  Hence, fallow (Dama dama), 
red (Cervus elephus), roe (Capreolus capreolus) and 
muntjac deer (Muntiacus reevesi) are frequently found 
in lowland agricultural habitats, and are frequently 
associated with damage to crops (Putman and 
Moore 1998). 
 
Muntjac deer in Britain have been shown to select 
arable land classes and avoid upland marginal ones 
(Chapman et al. 1994).  However, an analysis of 
landscape features associated with the distribution 
and abundance of muntjac, roe, fallow and red deer 
in lowland England has shown few clear 
associations between deer presence on farms and 
landscape or linear features (Palmer 1998).  This 
suggests that hedgerows are of an uncertain value to 
deer within the agricultural landscape, and it might 
be that deer could exist without them provided 
alternative harbourage was available. 
 
Deer can be responsible for direct damage to 
hedges.  Newly planted hedges are vulnerable to 
grazing damage from deer, and damage to mature 
hedges is usually the result of larger species of deer 
attempting to push their way through small gaps. 
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EFFECTS OF HEDGEROW 
MANAGEMENT ON MAMMAL 
POPULATIONS 
 
Hedgerow variables that are important in 
determining the diversity of mammals 
Three basic factors affect a hedgerow’s capability to 
support a diverse and species-rich mammal 
community: 
 
1. The type and amount of food available 

within the hedgerow.  Favourable conditions 
being a large invertebrate population or 
prolific annual seed and berry crop. 

 
2. The vegetation structure and composition of 

the hedgerow.  For instance, a dense, herb-
rich basal layer or a continuous line of 
hedgerow trees is preferred by several 
species. 

 
3. The continuity and connectivity of the hedge 

within the landscape.  For instance, a 
hedgerow that connects patches of small 
farm woodlands will have greater value as a 
corridor for the dispersal of mammals. 

 
Consideration of the whole hedgerow ecosystem as 
a complex web, with many interacting populations 
of different species, is vital in creating and 
maintaining optimal hedgerow biodiversity.  The 
enhancement of hedgerows for mammals should be 
considered alongside recommendations in other 
sections of this publication. 
 
How to improve a hedgerow for mammals 
Generally, the larger the hedge, the better it is likely 
to be for many species of mammal.  Sohler (1996) 
found that, in very young hedgerows (2-13 years 
old), densities of trapped small mammals increased 
with the age of the hedgerow; but this finding was 
probably also related to hedge size.  Where the 
margins of a hedgerow are left to grow out onto 
adjoining land, there will be an increase in species 
richness and diversity.  Also, a wider hedgerow is 
likely to be more effective in acting as a wildlife 
corridor (Tischendorf & Wissel 1997).  This will 
probably be reflected in higher numbers of 
mammals which feed and shelter in hedgerows 
(Deane 1989).  Where hedgerows are managed in 
this way they have been known as ‘expanded 
hedgerows’. 
 
Plesner Jensen (1993) has considered the effects of 
the presence of various boundary features and 
management regimes on farmland rodents.  It was 
found that the presence of boundary features such 

as hedges and ditches were more important than 
field margin management regimes.  Boundaries with 
hedgerows had relatively high numbers of wood 
mice, bank voles and common shrews.  Bank voles 
were more numerous in margins with ditches than 
in those without. 
 
Boone and Tinklin (1988) have suggested that the 
vegetation structure of the hedgerow is critical in 
determining both the presence and densities of 
wood mice and bank voles.  Sites with more cover 
and food had higher density populations of mice 
and voles.  Both species are important prey for 
other mammal species, such as fox, weasel and 
stoat.  In an arable landscape, the hedgerow 
populations of predator species form a large 
proportion of the overall predator community.  It 
seems, from the Boone and Tinklin study, that the 
interconnecting structure of the hedgerows, 
together with adequate basal vegetation, is 
important in maintaining both predator and prey 
populations. 
 
The best management approach to maintain small 
mammal populations is to encourage minimum 
interference.  A regime which does not involve the 
annual cutting of autumn fruits would be obviously 
advantageous.  Trimming in late winter is therefore 
beneficial.  To allow for the retention of yellow-
necked mice in farmed landscapes, careful 
consideration of the location and timing of 
hedgerow management is essential.  Coppicing of a 
hedge, for example, has led to the complete 
abandonment of it by yellow-necked mice 
(Kotzageorgis & Mason 1997).  Allowing a dense 
understorey of herbs and grasses to develop under 
the hedge will maintain greater cover and enhance 
food resources.  This can be achieved by preventing 
livestock from grazing the hedge bottom, and 
discontinuing herbicide use there (Boone & Tinklin 
1988).   
 
Some studies on the development of conservation 
headlands have shown an active selection of wood 
mice for these reduced herbicide areas (Tew et al. 
1992).  The use of other pesticides that might affect 
mammal populations should be carefully controlled.  
For example, the use of molluscicide pellets is 
known to reduce wood mice populations (Shore et 
al. 1997), therefore when applied to a field they 
should be left as far away from the boundary as 
possible. 
 
For a hedge to act as an efficient corridor for 
dispersal, particularly for species with strict habitat 
requirements, it must ideally fulfil certain 
prerequisites.  For example, hedges which are to be 
used by  dormice should be taller than 4m and have 
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a high species diversity.  This is because dormice 
require a sequence of arboreal foods, and certain 
tree species are important throughout the year.  
Hazel (Corylus avellana), oak (Quercus spp.), 
honeysuckle (Lonicera periclymenum), and bramble 
(Rubus fruticosus agg.) are particularly valuable food 
sources, but dormice can survive without at least 
one of them if suitable alternatives are available 
(Bright et al. 1996).  Bright and MacPherson (2002) 
specifically recommend some hedgerow 
management practices, which would benefit 
dormice and these are repeated below: 
 
• Hedgerows should be trimmed at three yearly 

intervals at most and, maintained at a height of 
three and preferably four metres. 

• A proportion of hedges (at least 30%) should 
be left to grow for at least seven to ten years. 

• Not all hedgerows should be cut in any one 
year, so some heavy fruiting hedges are always 
present. 

• Flails should not be used, if possible, to manage 
hedgerows 

• Coppicing or laying should be used to manage 
gappy or sparse hedges 

• If hedgerow size needs to be reduced, avoid 
cutting the top and cut one side 

• Plant at least five to seven different species in 
new hedges 

 
Dormice are an almost entirely arboreal species, 
only very rarely coming down to the ground.  Gaps 
in hedges should be minimised, but where they are 
required, such as in gateways, they should be 
bridged for dormice with horizontal poles or 
branches (Bright & Morris 1989). 
 
Hedges will be most suitable as an aid to dispersal if 
they physically connect suitable patches of semi-
natural habitat.  These larger habitat patches will 
probably contain a more optimal habitat, such as 
deciduous woodland.  Planting a hedgerow, or 
filling in gaps, may complete a previously 
interrupted wildlife corridor.  Isolated hedgerows 
may act as a useful ‘woodland edge’ type habitat, 
containing discrete populations of mammals, but 
the value of such hedgerows will be less because 

they are not acting as effective corridors (e.g. Hobbs 
1992, Paillat & Butet 1996). 
 

CONCLUSIONS 
 
There are certain species of mammal, such as 
harvest mice and dormice, for which the presence  
of hedgerows within an agricultural environment 
has a significant effect on maintaining the species.  
Without hedgerows, harvest mice may lose a very 
important resource and the effect on this species is 
likely to be large.  Dormice also utilise hedgerows, 
especially within agricultural habitats where 
woodlands are small and fragmented.  These two 
species are perhaps the mammals most dependent 
upon hedgerows.  Management of existing hedges 
can be undertaken in order to maximise benefit to 
these species.  As a consequence, the hedgerow will 
be of better ecological quality and support larger 
populations of other small mammals and the 
predators that they support. 
 
Management guidelines which are generally 
beneficial for mammals in hedgerows include: 
 
1. Let the hedge grow as tall and wide as is 

practically possible. 
 
2. Encourage retention/development of a dense 

hedge-bottom, and allow a dense ground 
flora of herbs and grasses to develop e.g. by 
restricting livestock grazing. 

 
3. Maximise the production of autumn fruits by 

trimming in late winter and/or reducing the 
frequency of trimming. 

 
4. Minimise herbicide and other pesticide use in 

the vicinity of hedgerows. 
 
5. Maintain and encourage species diversity 

within the hedgerow.  Additional planting 
may be necessary. 

 
Gaps in hedges should be filled by planting, or 
bridged where possible (especially for dormice, if 
present). 



OVERALL CONCLUSIONS 

HEDGEROW MANAGEMENT AND WILDLIFE       60

 
 
 
 

OVERALL CONCLUSIONS ON THE EFFECTS OF 
MANAGEMENT ON WILDLIFE AND PRIORITIES FOR 
FURTHER RESEARCH 
 
Chris Britt 
ADAS Drayton, Alcester Road, Stratford upon Avon, Warwickshire, CV37 9RQ 
Colin Barr 
Barr Ecology Ltd, Lilac Cottage, Oxen Park, Ulverston, Cumbria, LA12 8HG 
Tim Sparks 
Centre for Ecology and Hydrology, Monks Wood, Abbots Ripton, Huntingdon, PE28 2LS 
 
 
INTRODUCTION 
 
MAFF’s original Research Specification Document 
for this review in 1995 set five scientific objectives.  
These were: 

1. To assess the impact of different forms  
of management on hedgerow biodiversity,  
e.g. closely cut, cut into an A-shape or  
square-topped, laid or coppiced.  The impact on 
wildlife value of non-management  
(i.e. development into relict hedge) also needs to be 
taken into account, as does the timing of any 
management activities. 

 
2. To assess the impact of immediately adjacent land use 

on hedgerow biodiversity, e.g. intensive arable, arable 
with uncropped strips alongside the hedge, permanent 
grass, woodland or water-course. 

 
3. To assess the relative importance of hedgerows for 

wildlife in different farming contexts, e.g. arable 
versus grassland, lowland versus upland.  This will 
need to take account of varying local practices, e.g. 
Devon pastoral compared with West 
Midlands/Marches pastoral. 

 
4. To identify methods of enhancing biodiversity in 

hedgerows taking into account costs and practicability, 
and considering both individual hedges and 
combinations of hedges which might, for example, 
form a wildlife corridor. 

 
5. To identify gaps in knowledge by an analysis of 

research needs against published and current research 
and to provide a prioritised list of future research 
requirements. 

 
Although each of these objectives has been 
addressed already in this report, it is important to 

note that, despite an extensive literature search and 
consultation exercise, insufficient information was 
uncovered to ensure that detailed and definitive 
answers can be given to all of the questions that 
these objectives raise.  Many publications give 
unequivocal recommendations for the management 
of hedgerows to benefit wildlife.  The findings of 
this review suggest that there is, however, only 
limited (if any) scientific research data to support 
many of those recommendations.  This research 
information, much of it published within the last 
ten years, is supplemented by some national survey 
data, most notably that collected as part of the 
Countryside Surveys.  Many recommendations, 
which may be perfectly sound, appear to be based 
primarily on very limited local surveys or the 
‘observational’ evidence of a single naturalist.   
 
In the original version of this review, published in 
1995, it was stated that there was “an obvious shortage 
of data from long-term, replicated, field experiments, 
specifically designed to study the effects of different 
management regimes on hedgerow flora and fauna 
populations.”  This issue has been addressed by some 
significant UK research projects undertaken since 
the publication of that 1995 report, but the above 
statement is still largely accurate.  We now know 
more that we did in 1995, but further research to 
support Government agri-environment schemes 
and other hedgerow management initiatives is still 
necessary.   Many fundamental questions  remain to 
be answered. 
 
The Countryside Surveys have clearly illustrated 
how hedgerow removal has become a much less 
significant problem in the past 20 years.  The 
Hedgerows Regulations 1997 should give statutory 
protection to most of the hedgerows in England 
and Wales, that comprise the ancient and species-
rich hedgerows BAP priority habitat. 
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The recent survey of farmers and contractors 
provided the data to underpin the evidence of our 
own eyes – confirming that the general standard of 
hedgerow management is poor, in that it is not 
compatible with sustained biological productivity 
and plant and animal biodiversity.  If, perhaps, it 
might be argued that the battle against hedgerow 
removal has been won, there is still much to do 
before our remaining hedgerow networks are 
fulfilling their potential as valuable habitats for 
wildlife.  
 
THE IMPACT OF DIFFERENT FORMS OF 
MANAGEMENT ON HEDGE 
BIODIVERSITY 
 
The desirability of a high diversity of species in  
a hedgerow is dependent on the use of the hedge 
and on the viewpoint of the user.  It has been a 
generally accepted ecological principle that high 
species diversity is a ‘good thing’, in order to 
maintain a larger gene pool and allow natural  
processes to be buffered against man-made threats.  
From a wildlife conservation viewpoint, however, 
the desirability of a diverse flora and fauna may 
depend on the ‘quality’ of the constituent species. 
 
Hedge management 
The role of hedge management in determining 
diversity of hedgerow woody species is still not 
clear.  Some studies have found strong links 
between a variety of management factors and 
species diversity, whilst others have found no 
relationship. 
 
Hedge shape, dimensions and density 
Work in Northern Ireland, in particular, has shown 
that hedge management and height had most 
influence on tree and shrub species diversity.  In 
one study, complete hedges had significantly more 
species in the tree and shrub plots and boundary 
strip plots, than gappy hedges.  However, in another 
study, woody species diversity was greatest in gappy 
hedges.  Taller and wider unmanaged hedges were 
associated with greater tree and shrub diversity and 
woodland species were positively correlated with 
hedge height. 
 
Early recommendations that hedges “should be kept 
reasonably short (about 2 m), in order to avoid impoverishing 
the ground flora by shading it out,” are contradicted by 
some research which has shown that species-rich 
ground flora groups were significantly associated 
with the tallest and widest hedges and that the 
greater the structural diversity of a hedge, the more 
likely it was to be associated with a species-rich 
flora. 
 

An analysis of Countryside Survey 1990 data found 
that management of the hedge had no significant 
effect on plant species diversity, either within or 
beneath the hedge; but a survey in Northern Ireland 
found that the species diversity of ground flora 
plots was most strongly influenced by hedge width. 
 
Larger hedges, with greater total areas of foliage, 
will generally support larger populations of 
phytophagous insects (although not necessarily 
more species).  This should, consequently, have 
benefits for species higher in the food chain (e.g. 
entomophagous insects and insectivorous birds). 
 
Tall hedges (>2 m) have been shown to be 
beneficial to butterfly species diversity. 
 
A-shaped hedges have been frequently 
recommended for wildlife conservation purposes. 
The value of such hedges to invertebrates is,  
however, disputed - with arguments for and against 
presented in the literature. 
 
Dense, well connected, hedges are preferred by 
small mammals (and are probably essential to 
arboreal species such as the common dormouse, 
Muscardinus avellanarius).  Consequently, such 
hedgerows are also preferred by their predators (e.g. 
foxes (Vulpes vulpes), stoats (Mustela erminea) and 
weasels (Mustela nivalis).  Butterflies also prefer the 
shelter of dense, continuous hedges. 
 
The presence of hedgerow trees is thought to be 
important for bats, providing potential hibernacula 
for species such as the noctule (Nyctalus noctula). 
 
Method of trimming 
The use of flails has been shown to be associated 
with greater numbers of tree and shrub species in 
Northern Ireland, but with a reduction in species 
diversity in Cornwall.  A reduction of species with 
finger-bar trimming has also been observed. 
 
There is also evidence that the use of flail mowers 
has reduced the number of hedgerow trees, or at 
least prevents the development of new hedgerow 
trees to replace the many trees lost through Dutch 
Elm disease, etc. 
 
Overall, it appears that any active management 
treatment will increase the numbers of plant species 
(initially) compared with unmanaged hedges, with 
coppiced hedgerows being associated with the 
highest species numbers (probably due to increased 
levels of light).  However, not all studies support 
this contention. 
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Timing and frequency of management 
activities 
There are numerous references to the need to avoid 
any active hedge management at the times of bird 
nesting (spring to early summer), fruit setting 
(autumn) and fruit eating by birds and small 
mammals (winter).  This leaves a short window in 
late winter when cutting might best be done.  
However, it has also been noted that some hedge 
species (including hawthorn, Crataegus sp.) only fruit 
on the previous year’s growth, i.e. that which is 
usually trimmed off annually.  This suggests that 
cutting should not be carried out more frequently 
than in every other year. 
 
Avoidance of annual trimming is reported to be 
important to many invertebrate species, as well as to 
berry-feeding birds and mammals - hedges that are 
managed to allow maximum flowering being 
important food sources for nectar feeding insects.  
However, more recent research has shown that 
invertebrate groups show mixed responses to 
different timings and frequencies of hedge 
trimming.  For example, whilst psyllids are more 
abundant on untrimmed hedges, springtails and 
thrips respond positively to regular cutting.  
Increased trimming frequencies probably stimulate 
shoot and leaf production and increase leaf area per 
square metre of hedge face – benefiting herbivorous 
invertebrate species. 
 
The negative effects of annual hedge trimming on 
the brown hairstreak (Thecla betulae) butterfly (now 
rare in much of southern Britain) are also well 
documented. 
 
Relatively infrequent trimming of alternate sides of 
a hedge is recommend for common dormice. 
 
Work at Wye College has shown that summer 
cutting of hawthorn leads to a squat, bushy hedge 
and winter cutting results in a taller hedge.  A 
vertical cut produces a taller hedge and horizontal 
cutting encourages lateral growth.  In more detail, a 
vertical cut in summer produced a thornier hedge 
than a vertical cut in winter.  Thus, the timing of the 
cut will determine whether emphasis is given to a 
thornier hedge, possibly desirable for stock-keeping 
(although very few hedges are truly stock-proof at 
modern, high stocking rates), or to one with longer 
bud-tipped shoots with the potential for more 
flower and fruit production. 
 
In a survey of hedgerows in Cornwall, there was a 
70% reduction in floral species diversity following 
use of a flail, twice a year - May/June and 
July/August.  After flailing was reduced to a single 
annual cut, taking place later in the year, plant 

species started to return.  Persistent summer flailing 
was also shown to greatly reduce the diversity of 
butterfly and moth species.  There has been no 
work on the optimal timing of hedge bottom 
management. 
 
Although late winter cutting has clear benefits for 
berry-feeding birds and small mammals, it may be 
generally detrimental to invertebrates (e.g. species of 
Lepidoptera and Diptera), if compared with 
September trimming.  This may be due to the 
removal of insect eggs laid during the autumn and 
destruction of overwintering larvae and adults. 
 
These results suggest that diversity of hedgerow 
management regimes is probably important, if 
hedgerow biodiversity is to be maximised.  
However, the optimum scale at which any ‘matrix 
of hedge management’ should be operated is not 
known. 
 
In the absence of further, and more detailed, 
research information on this subject, and in the light 
of the fact that current hedgerow management is 
strongly biased towards annual trimming and 
August/September timings, it is recommended that 
ongoing initiatives to persuade more farmers and 
landowners to trim hedges every 2-3 years in late 
winter should continue and will bring net benefits 
to farmland biodiversity. 
 
The impact on wildlife value of non-
management of a hedge 
There has been no research directed solely at this 
issue.   
 
The impact of non-management is time related.  
From the literature, it is reasonable to suppose that 
if a managed hedge is ‘let go’ and left unmanaged 
then, initially, it will gain in woody species, 
especially good colonisers.  The ground flora will 
similarly diversify and allow shade-loving species to 
colonise (if niches become available).   
 
However, after some time, as vigorous woody 
species grow up and become dominant, the number 
of woody species may decline.  Similarly, if there is 
no ‘wildlife management’ of the hedge bottom and 
immediately adjacent land, then the ground flora 
may become dominated by a limited number of 
shade-loving species and may become more subject 
to the effects of adjacent land use, perhaps leading 
to vigorous, aggressive (e.g. nitropholous) species 
becoming dominant. 
 
High plant species diversity is likely to be associated 
with high structural diversity and with change. 
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Evidence of the effects of non-management on the 
invertebrate fauna of hedges is again conflicting.  
One study has shown there to be more 
phytophagous insect species on unmanaged hedges 
in comparison with trimmed hedges, but no overall 
increase in saprophagous or entomophagous species 
(although flower bugs and harvestmen increased).  
Another study, however, found a greater number of 
insect taxa on cut hedges, in comparison to either 
hedges uncut for five years or ‘remnant’ bushes and 
trees.  Early results from an experiment in Northern 
Ireland support this latter conclusion - indicating 
that any form of hedge management may be better 
for invertebrates than no management. 
 
The greatest diversity of bird species is likely to be 
found in large, unmanaged hedges; although species 
number will probably fall again as a ‘relict’ hedge 
further degenerates into a line of trees. 
 
Large hedges (particularly ‘expanded hedgerows’ 
which have grown outwards into neighbouring 
fields) are also believed to be particularly favoured 
by several species of mammal. 
 
Hooper suggested that the ideal hedge for wildlife 
was probably unmanaged, around 4 metres in both 
height and width, and had brambles along the 
bottom (on both sides).  Recognising the 
impracticality of such a hedge, he recommended a 
compromise that was again 4 metres tall, but was 2 
metres wide with only the sides subjected to 
trimming. 
 
Hedge-bottom management 
Direct application of herbicides into hedge bottoms 
will, of course, directly affect the flora (as this is the 
aim of such sprays); it will also damage the 
invertebrate fauna.  Two studies have demonstrated 
the negative effects of ‘total’ (i.e. non-selective) 
herbicide applications on, firstly, ground beetles and 
spiders and, secondly, predatory invertebrates in 
general.  This might, consequently have significance 
for pest populations in a neighbouring arable crop 
(i.e. numbers might increase as natural enemies in 
the hedgerow are reduced). 
 
Direct spraying to kill patches of nettles (Urtica 
dioica) in hedgerows is a common practice, 
particularly in grassland areas.  This has been 
directly linked to an observed contraction in the 
range of two butterfly species - the peacock (Inachis 
io) and small tortoiseshell (Aglais urticae). 
 
Maintenance of a dense ground flora will benefit 
small mammal species - including shrews, bank 
voles (Clethrionomys glareolus) and harvest mice 

(Micromys minutus) - providing additional food 
sources and essential cover from predators. 
 
THE IMPACT OF IMMEDIATELY ADJACENT 
LAND USE ON HEDGEROW BIODIVERSITY 
 
Various studies have shown that the diversity of the 
hedgerow, and especially of the hedge-bottom flora, 
is strongly affected by the nature of the surrounding 
land use.  Both very intensive land management, 
and no management at all, are deleterious to the 
number of herbaceous plant species in hedge-
bottoms. 
 
It has been shown repeatedly that herbicides, 
insecticides and fertilisers frequently ‘drift’ into the 
hedgerow (as well as sometimes being deliberately 
applied).  These chemicals kill some plants and may 
favour others (e.g. nitrophilous plants).  Pesticide 
drift will be much more of a problem from 
intensively farmed arable fields.  Fertiliser drift may 
be a serious problem in hedgerows adjacent to 
arable fields or improved grassland. 
 
Pesticide drift into hedgerows, as well as larger field 
sizes and a greater frequency of management 
operations, has been suggested as one possible 
reason that lower numbers of birds are commonly 
recorded in hedgerows adjacent to arable crops. 
 
Other disturbance factors, such as close cultivation, 
grazing and manuring may affect the flora and 
fauna.  Close cultivations may also affect shrub root 
growth. 
 
Having shown that the spraying of field margins, in 
an attempt to control weeds, has proved largely 
unsuccessful, several research groups have 
examined the effects of introducing field margin 
management into normal agricultural practice.  This 
approach forms a buffer between the hedgerow 
habitat and its surrounding land and can be 
managed to favour wildlife, e.g. by sowing 
wildflower seed mixes. 
 
‘Conservation headlands’ (with reduced pesticide 
inputs) or ‘extended field margins’ (wider grassy 
strips between the hedgerow and the crop) may 
bring numerous wildlife benefits.  These are 
considered further in the following section. 
 
Hedgerows associated with other features such as 
banks, walls or ditches have been found to be  
favoured by many invertebrates.  Bank voles 
apparently have a particular preference for 
hedgerows with adjacent ditches. 
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Work in France has demonstrated that hedgerows 
in close proximity to ancient forest have a greater 
number of ‘forest’ ground beetles. 
 
Amphibians and reptiles are most likely to occur in 
hedgerows near ponds or woodland, but can live 
adjacent to arable fields - where these are within  
a mosaic of land uses, with adequate vegetative 
cover to facilitate movement. 
 
THE RELATIVE IMPORTANCE OF 
HEDGEROWS IN DIFFERENT FARMING 
CONTEXTS 
 
Hedgerows undoubtedly provide an important 
habitat for many plant and animal species in 
agricultural areas.  They are likely to have particular 
significance in areas where semi-natural woodlands 
are scarce.   
 
There have been no studies which have set out to 
compare hedgerows in different farming contexts.  
However, analysis of Countryside Survey data, 
collected from all over Great Britain, shows that 
while hedges are particularly important as refuges of 
plant biodiversity in lowland arable landscapes, 
there has been a significant decline in the diversity 
of hedgerow ground flora species in pasture-
dominated areas between 1978 and 1990.  This 
decline has continued to 1998. 
 
Within Northern Ireland, work has shown that low 
floral species diversity in hedgerows is associated 
with lowland, well managed farms with fertile soils, 
and that high species diversity is associated with the 
opposite situation. 
 
Hedgerows are known to provide important refuges 
for flying insects in very exposed areas, such as 
Cornwall and upland Wales, where little shelter 
otherwise exists. 
 
All other contextual information (whether by 
geographic region or farming type) occur as a result 
of studies being carried out at a particular locality 
and do not allow comparisons to be made.   
 
For example, a steady deterioration in the quality of 
the herbaceous vegetation in many arable field 
boundaries, from a mixture of tussocky grasses and 
perennial herbs, to flora composed largely of 
aggressive weedy species, has been documented. 
 
Hedgerows are said to provide a particularly 
important habitat for invertebrates (and probably 
for other groups) in ‘ancient’ landscapes 
(predominantly pastoral), such as those found in 

Cornwall, Devon and south-west Wales.  These are 
often pre-Enclosure hedges on hedge-banks. 
 
It has been suggested that ‘Hooper’s rule’ (stating 
that diversity increases with age of hedge) may hold 
true in much of eastern and middle England, 
dominated by planted hedges in arable landscapes; 
but there are clear, often regional, exceptions. 
 
Hedgerows may provide an important source of 
dispersing invertebrates for colonisation of suitable 
new habitats on farms, e.g. set-aside land.   
 
Reptiles and amphibians are thought to be more 
dependent upon hedgerows in areas that have very 
few semi-natural habitats.  Hedgerows may, 
therefore, have particular significance for these 
groups in predominantly arable areas in eastern 
England.   
 
Woodland bird species may depend very heavily on 
hedgerows within landscapes with very little 
woodland.  In other areas there may be little semi-
natural grassland - important to several species - 
other than that beside hedgerows. 
 

METHODS OF ENHANCING 
BIODIVERSITY IN HEDGEROWS 
 
There are three broad methods for enhancing 
biodiversity in hedgerows: 
 
1. Protect valuable hedgerows 
It has been demonstrated that the diversity of 
woody species is positively correlated with age of 
the hedgerow.  On this basis, older hedgerows 
should be protected.  Similarly, hedgerows originally 
assarted (cut out) from ancient woodland tend to be 
the most botanically diverse, and benefit to wildlife 
will come from allowing such hedgerows to expand 
(although this may have a cost, in terms of lost 
production, to the farmer).  Old, assarted 
hedgerows are also frequently the richest in 
invertebrate species, e.g. snails and ground beetles. 
 
Several studies have shown that there is a positive 
correlation between the species diversity of shrubs 
in the hedgerow itself and diversity in the hedge-
bottom flora.  Therefore, by protecting hedgerows 
rich in woody species, the ground flora may also 
benefit. 
 
Other hedgerows that should be protected, from  
a wildlife point of view, are those that have diverse 
structure, a greater diversity of habitats and those 
that are likely to be one of the remaining refuges of 
plant diversity in a particular landscape. 
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2. Manage to make existing hedgerows more 
valuable 
Hedgerows need to be managed occasionally to 
stop them becoming dominated by single species or  
becoming ‘gappy’ - which leads to open bases and 
few ground flora species.   
More work needs to be carried out into preferred 
hedgerow management, but there is evidence that 
larger, less well-managed hedges may have greater 
species diversity (although the reverse may be true 
for several invertebrate groups).  A relationship has 
been established between the presence of woodland 
ground flora species and overall species diversity.  
Woodland species perform best in large, shade-
giving hedges. 
 
Annual (or more frequent) trimming would seem to 
be unsympathetic to plant species diversity.  Cutting 
every other year, or less frequently, is probably 
more appropriate. 
 
Associated with the type of management, the 
relationship between geographical scale and hedge 
diversity (i.e. whether all the hedges on one farm, or 
in one parish, are managed in the same way) needs 
further research. 
 
Increased floral diversity should benefit 
invertebrates, as will the presence of hedgerow trees 
and dead wood.  Hedgerow trees may be valuable to 
bats. 
 
There is a need to buffer hedgerow bottoms against 
adjacent land use activities.  This can be achieved by 
encouraging the establishment of wide field margins 
and headlands.  Such margins can be enhanced by 
sowing wild flower seed mixes and by occasional 
cutting to discourage scrub development.  Provision 
of a gradual transition of different habitats between 
a hedge and an intensively farmed field (e.g. shrub-
tall herb-shorter grass-arable) will increase 
invertebrate species diversity.  A strip of 
undisturbed herbaceous vegetation adjacent to  
a hedge will benefit bumble-bees (Bombus spp.). 
 
A well-developed ground vegetation will be likely to 
enhance amphibian and reptile species diversity, as 
well as benefiting ground-nesting birds and several 
small mammal species. 
 
Reduced use of pesticides in field margins 
(‘conservation headlands’) has been shown to 
benefit butterfly populations.  It is also likely to 
benefit many other animal groups.  Similarly, 
benefits for some butterfly species may be achieved 
by establishment of extended grassy field margin 
strips. 
 

Clear benefits to game birds have been 
demonstrated where ‘conservation headlands’ have 
been adopted. 
 
Fencing hedges to exclude grazing livestock, 
particularly in intensively stocked areas, can 
substantially help to prevent further degradation of 
hedgerows, and is likely to be an essential first step 
in the restoration of badly stock-damaged hedges. 
 
3. Create new hedgerows, and ‘bring back’ 
relict hedges 
In planting new hedgerows, the use of more than 
one species is recommended.  Similarly, in ‘gapping 
up’ old, relict hedgerows, the use of different 
species should be considered.   
 
Species planted should be native and appropriate to 
the locality, and should ideally be of local 
provenance. 
 
Landscape design and management should aim to 
achieve a high degree of ‘connectedness’ within the 
network, as well as providing connections with 
sources of forest species - which may be a major 
influence on species colonisation of available 
habitats. 
 
Re-establishment of links between important 
habitats may also facilitate movement of snakes, 
birds and several mammal species (e.g. water 
shrews, Neomys fodiens, or common dormice).  
Common dormice will utilise hedgerows for 
dispersal between woodlands, but hedges must have 
a high diversity of woody species (especially of 
fruiting shrubs) and be continuous, as dormice 
rarely descend to ground level. 
 

PRIORITIES FOR FURTHER RESEARCH 
 
In the course of reviewing the literature, and 
abstracting relevant material, the authors have noted 
where further research is needed, either as a result 
of clear gaps in knowledge or where conflicting 
evidence surrounding a particular issue indicates 
that more work is needed. 
 
Having established where more research effort 
would be useful, the authors have then prioritised 
their recommendations, based on the following 
criteria: 

• contribution to basic knowledge 
• policy relevance 
• timeliness. 
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The authors have not attributed likely costs to each 
of the recommendations, which are summarised in 
the following section.   
 
Taking regard of the authors’ recommendations, 
and using the same criteria for prioritisation, the 
editors have then defined overall priorities for 
further research.  In some cases, this has involved 
recommending work that cuts across the themes 
presented in each of the Sections of this report, 
resulting in some more ‘multidisciplinary’ proposals.  
These overall recommendations are given in the 
final section. 
 
 
Summary of recommendations for further 
research, by Section 
 
There are no specific recommendations for further 
research in the first three sections. 
 
Hedgerow management options and costs 
 
1. Trimming regimes: the effects of various 
trimming regimes on the growth and structure of 
new and established hawthorn or mixed hedges 
over a longer time period (10 years plus) and the 
effects of trimming only every two or three years, as 
recommended for berry/fruit production, on the 
structure of established hedges in the long term. 
 
2. Herbicide use: the use of herbicides for weed 
control in establishing/re-establishing hedges; with 
the aim of producing a ‘guidance note’ for farmers. 
 
3. Environment-friendly weed control: the conflict 
between the need for weed control and the need to 
preserve any semi-natural vegetation, when 
gapping-up a hedge, need more work. 
 
4. Traveller’s-joy (or old man’s beard): this is 
reported to be a major problem within hedgerows 
in southern England.  The extent of this problem, 
and similar problems caused by other competitive 
climbers, should be further investigated, and if 
appropriate further research undertaken to identify 
suitable and safe control measures. 
 
5. Gapping-up: more information is needed about 
the optimal methods of gapping-up hedgerows.  
For example, the minimum amount of ‘gap’ worth 
planting up when restoring a hedge by coppicing 
should be determined. 
 
Plants and hedgerows 
 
1. Further, targeted analysis of existing botanical 
data (e.g. Countryside Surveys): during the course of 

this review, several observations have been noted 
about the causes of floral diversity in hedgerows 
which are based on local observations or the results 
of regional studies.  In the Countryside Survey data 
sets, there are vegetation data from some 950 
quadrats placed alongside hedgerows, in all parts of 
Great Britain.  Associated with these quadrats are 
spatial data (e.g. proximity to woodlands, boundary 
nodes), environmental parameters (soil, exposure, 
aspect) and management factors (both of the hedge 
and the surrounding land).  These data should be 
analysed to examine the relationships that exist and, 
especially, in an attempt to confirm results from 
local or regional studies.  There is also scope for a 
more detailed examination of the data in relation to 
individual species and biogeographical zones. 
 
2. The ‘quality’ of hedgerow flora: the review has 
shown that although several conclusions have been 
drawn about overall species diversity, there has been 
only passing reference to the ‘quality’ of the species 
assemblages.  What species are desirable (i.e.  of 
wildlife interest) in the hedgerow and how can these 
be encouraged? 
 
3. Hedgerows as corridors for the movement of 
plants: there is disagreement in the literature about 
whether plants ‘move’ along hedgerows.  Much of 
the debate is based on correlative, rather than 
experimental, studies.  There is a need for both long-
term monitoring studies, spatial analysis and 
perturbation experiments, to establish whether plants 
do move along hedgerows, and over what time-
scales. 
 
4. Planting in the uplands: Following up on the 
work of Hayes et al in Wales, further work should 
seek to  
a) identify optimal species choice and planting 

arrangements in new upland hedgerows, to 
enhance wildlife diversity in the longer-term 

b) identify management(s) of associated field-
margin herb-layers (including hedge-bank sides) 
for general and specific wildlife benefit, the 
latter particularly in relation to declining or rare 
flora and fauna; 

c) quantify potential benefits of extensively 
managed field-margins within intensively 
managed grassland areas, to act as wildlife 
corridors in linking other upland semi-natural 
habitats, and 

d) identify optimal managements for mature 
mixed-species hedgerows.  

Further research at a greater spatial scale should 
also investigate the value of linear habitats in 
replacing declining upland habitats, such as heather 
moor or oak woodland, and halting their 
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fragmentation, providing ecological alternatives to 
the traditional hedgerow. 
 
Invertebrates and hedgerows 
 
1. Current invertebrate population estimates: there 
is an urgent need to establish baseline data on the 
invertebrate populations of hedgerows as they exist 
at the present time.  Most of the literature studied 
during the compilation of this Review has quoted 
observations or studies carried out in the 1960’s and 
1970’s (e.g. Elton 1966; Pollard 1974).  Changes in 
farming practice and hedgerow maintenance since 
this time are likely to have resulted in changes in the 
number and type of invertebrates using hedgerows.  
There is a need for comparative data on the 
invertebrate fauna of the major British hedge types.  
Specific forms of hedgerows, such as ‘green lanes’, 
have been noted as being particularly valuable for 
invertebrates and this should be confirmed. 
 
2. Hedge dependent species: among the 
best-documented species are those which are 
considered as either pests or ‘beneficials’ in 
agriculture and those which are highly visible 
and/or mobile such as butterflies.  Many of these 
species are, however, partially dependent upon non-
hedgerow habitats.  Such a bias in available 
information may lead to misleading conclusions 
about hedgerow management.  Further research 
should include a proportion of studies on 
populations of invertebrates, such as Psocoptera 
(e.g. book-lice), which are almost entirely dependent 
on the woody species within the hedge.  Psocoptera 
live on microepiphytes (fungi, algae and lichens) 
which grow on the bark, leaves and leaf litter and 
they form an important food source for many other 
invertebrates (Thornton 1985).  Change in the 
population dynamics of this type of invertebrate 
may be less subject to uncontrolled factors outside 
of the hedge habitat than groups such as butterflies. 
 
3. Set-aside: research is required on the effects of 
the various set-aside options, and their 
management, on invertebrates in hedgerows.  The 
effects of ‘headland set-aside’ may be of particular 
importance, as this would appear to provide an 
opportunity to fulfil some of the requirements of 
invertebrate groups such as butterflies, allow 
desirable hedgerow management practices and, 
perhaps, be popular with farmers. 
 
4. Landscape ecology: the linkage between 
individual hedgerows and other landscape elements 
(network connectivity), and how this affects the 
diversity of invertebrates, requires investigation.  
Little work of this sort has been reported in the 
UK, but the results of a number of studies indicate 

more precise methods of increasing invertebrate 
diversity in hedgerows than those currently 
available. 
 
Amphibians, reptiles and hedgerows 
 
1. Further examination of British Herpetological 
Society surveys: there is some outstanding work under 
the JAEP project still to be published and both the 
Amphibian and Reptile surveys might be further 
examined to provide additional recommendations on 
habitat management. 
 
2. Targeted fieldwork: further work is necessary to 
identify to what extent the hedgerow is used as a 
habitat, as a corridor and for hibernation by this 
group of species and little is yet known on the direct 
effect of hedge management.  Because of 
observational difficulty, and perhaps a lack of 
perceived aesthetic charm and economic value, this 
group of species seems to have been overlooked in 
many studies of the agricultural environment. 
 
Birds and hedgerows 
 
1. Experimental studies of cutting/trimming regimes: 
most lacking in studies of birds are experimental 
manipulations of hedgerows.  Few of the studies of 
bird populations have looked at hedge management 
per se.  Rather, most have looked at existing hedge 
composition and dimensions and their relationship 
with bird populations.  Whilst this approach can 
indicate appropriate management, this was not the 
primary focus of the research.  Some work was 
carried out by FWAG in Wiltshire (Moorhouse 1990) 
but involved small samples.  In order to provide hard 
recommendations on appropriate forms of hedge 
management, an experimental management 
programme is necessary.  It is envisaged that such 
research would require fairly homogenous hedgerows, 
to provide the experimental plots, and a properly 
designed experiment comparing management could 
be carried out on these.  Baseline monitoring would 
be necessary to ensure, or adjust for any lack of, 
homogeneity in the bird populations. 
 
2. Species composition of new hedgerows: several 
studies suggest that bird species richness is enhanced 
in hedgerows of diverse shrub composition.  The 
value of planting new hedges of diverse composition 
could be investigated on an experimental basis: using 
some hedges of pure hawthorn (Crataegus monogyna), 
and others of mixed composition.  Monitoring of the 
subsequent bird populations must be considered as a 
long-term exercise.  Alternatively, results might be 
more quickly, but less accurately, obtained by taking a 
relatively diverse hedgerow and gradually reducing the 
floral diversity of one or more of the layers (base 
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flora, scrub species, climbers, etc.) and examining the 
effects on bird populations.   
 
3. Influence of neighbouring woodlands and other 
spatial analysis: estimates of bird density in hedgerows 
are available, as is the knowledge of how these are 
affected by adjacent land use and the presence of 
intersections.  It would be interesting to see how bird 
density changes in hedgerows close to woodland and 
for what distance a woodland exerts an influence over 
a connected hedgerow system.  Suitable raw data 
already exist from the BTO’s Common Birds Census 
results, but would require interrogation. 
 
4. Hedge shape and quality: More work on the effects 
of contrasting hedge shapes is needed, as is 
information on the quality of particular hedges (e.g. 
composition, density, cover, food supply) from a 
bird’s perspective.  
 
5. Reproductive performance and predation: A study 
on reproductive performance in farm hedges could 
help to address concerns about high predation rates in 
some hedgerow studies and general declines in 
farmland populations.   
 
Mammals and hedgerows 
 
1. Population studies: changes in mammalian 
populations and biodiversity resulting from 
different hedge management techniques should be 
fully quantified.  This can be achieved by simple 
population studies, within hedgerows managed 
under different regimes. 
 
2. Critical species: more data should be gathered on 
the significance of hedgerows for ‘critical’ species, 
notably harvest mice (Micromys minutus) and 
common dormice (Muscardinus avellanarius). 
 
3. Bats: relationships between bats and hedgerows 
should be studied.  The importance of hedgerows as 
both a food source and navigational aid, and of 
hedgerow trees as roosting sites, should be 
investigated. 
 
 
Overall research priorities 
 
Several authors have pointed out that research on 
the management of hedgerows and associated 
wildlife needs to be integrated; no single theme can 
be researched in isolation because many factors are 
interdependent.  It is recommended, therefore, that 
specific research proposals recommended below are 
linked through a ‘research umbrella’ project which 
ensures, where possible, uniformity of approach 
(e.g. scales, sampling unit, definitions).  There 

should be a formal mechanism to ensure that any 
research which is to be funded is reported to a 
‘Steering Group’ or similar, thus ensuring effective 
communication among researchers, and to 
Departments and agencies. 
 
It is possible to group the recommendations given 
above into larger, more multidisciplinary projects.  
This is seen as appropriate in some cases (where 
there is clearly benefit in adopting a standard 
approach to answer several, related research 
questions), but not in others (where the 
recommendation relates to very specific areas of 
concern or interest).  For easy reference, these two 
different types of research recommendation are 
listed below as ‘multidisciplinary’ and ‘specific’. 
 
‘Multidisciplinary’ projects 
 
1. Surveys and populations studies: because much 
of our current knowledge of hedgerow fauna and 
flora is based on work that is now several years old, 
and because there have been demonstrable changes 
in the countryside over the last few years, and in 
farm management methods, there is clearly a need 
to update baseline information on the range of 
species that is present in hedgerows and on the 
population ecology of these, especially ‘critical’ 
species.  We need to know whether these 
populations are increasing or decreasing and 
whether changes in agricultural management are 
likely to reverse any undesirable trends. 
 
2. Examination and further analysis of existing data 
sets: data collected as part of some large, national 
surveys (e.g. Countryside Surveys, the UK 
Environmental Change Network, Farm Business 
Surveys) and others which are more thematic or 
regional (e.g. British Herpetological Society survey, 
Hooper’s survey of some ITE Land Classes), need 
to be re-examined and analysed with hedgerows 
(and immediately adjacent land use) in mind.  It is 
important to make full use of information of this 
kind, before new data are collected. 
 
Specific research areas 
 
1. Adjacent land use, headlands and set-aside: 
although there has been research on the movement 
of agriculturally important species out of hedgerows 
into crops, there have been few studies looking at the 
influence of adjacent land use, especially novel crops, 
headlands and set-aside on hedgerow species 
(especially invertebrates); nor of the ‘value-added’ 
benefits of having multiple element field edges (i.e.  
including both a field margin and a field boundary). 
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2. Landscape ecology: several authors have referred 
to the need to study hedgerows as part of the wider 
landscape (holistically).  The type of adjacent land 
use, the presence of surrounding landscape features, 
linkages to these and movement potential around the 
landscape network are all likely to influence the 
species complement of a hedge.  The work of Baudry 
and Burel in France, and Forman in the USA, needs 
to be developed in the UK. 
 
3. Management matrix: from recent research, it can 
be assumed that a diversity of management regimes 
will maximise benefits to biodiversity.  However, 
what is not known is the scale at which any 
‘management matrix’ is best designed and 
implemented (e.g. field, farm, parish or larger), or the 
optimal proportions of the different management 
systems within any given area. 
 
4. ‘Quality’ and desirable composition of hedgerow 
flora: agreement needs to be reached on when and 
where high species diversity is appropriate and on 
what species are considered to be desirable.  
Wildflower sowing and the re-establishment of 
herbaceous vegetation in degraded hedge bottoms, 
especially in arable areas, needs more research.  This 
might be linked to problems of residual nutrients 
(which favour fast-growing and vigorous species, at 
the expense of meadow species) and methods for 
their removal. 
 
5. Planting methods and choice of species for new 
hedgerows: certain aspects of hedge establishment 
need further work, including choice of provenance, 
protection of young plants, sizes of gap to be planted 
and desirable species composition. 

6. Herbicide use and environmentally friendly weed 
control: although ‘ecological’ forms of weed control 
are being studied (field margin management), the use 
of herbicides for weed control in establishing/re-
establishing hedges needs to be undertaken.  
Further research on this topic is required.  

 
 
 
 
ACKNOWLEDGEMENTS 
 
The editors and authors are grateful to the many 
people who have helped in the preparation of this 
report and in particular, to the following: 
 
• Members of ADAS and CEH staff who have 

contributed to, and helped construct, individual 
sections 

• A wide range of scientists from many 
disciplines who have provided information and 
commented upon draft text 

• Defra and other Department, Agency and 
NGO staff who have offered information, 
advice and encouragement (and particularly 
Richard Brand-Hardy, Defra) 

• Alison Mole (ADAS) for help with the 
bibliography and Diane Whittaker (ex-CEH) 
for formatting the original manuscript. 

 

 



BIBLIOGRAPHY 

HEDGEROW MANAGEMENT & WILDLIFE 70

BIBLIOGRAPHY 
 
 

Achtziger, R. (1997).  Organisation patterns in a 
tritrophic plant-insect system: Hemipteran 
communities in hedges and forest margins.  In K. 
Dettner, G. Bauer, & W. Voekl (Eds.), Ecological 
Studies 130, 277-297.  TU Bergakad. Freiberg, 
Interdisziplinaeres Oekol. Zentrum, Agricolastrasse 
22, D-09596 Freiberg, Germany.  

ADAS (1980).  Planting Farm Hedges.  Leaflet 763. 
London: Ministry of Agriculture, Fisheries and Food.  

ADAS (1986).  Hedge Planting (Leaflet).  London: MAFF 
publications, HMSO. 

Aebischer, N.J. (1991).  Twenty years of monitoring 
invertebrates and weeds in cereal fields in Sussex.  In 
L.G. Firbank, N. Carter, J.F. Darbyshire & G.R. Potts 
(Eds.), The Ecology of Temperate Cereal Fields (pp. 305-
332).  Blackwell Scientific Publications.  

Aebischer, N.J., Blake, N.J. & Boatman, N.D. (1994).  
Field margins as habitat for game.  In N. Boatman 
(Ed.), Field Margins: Integrating Agriculture and 
Conservation  BCPC Monograph No. 58, 95-104.  
Farnham: British Crop Protection Council.  

Agger, P. & Brandt, J. (1988).  Dynamics of small 
biotopes in Danish agricultural landscapes.  Landscape 
Ecology 1, 277-240.  

Agricultural Training Board. (1990).  Environmental 
Handbook for Agricultural Trainers. 

Ahern, J. (1991).  Greenways and Ecology.  ASLA, Kansas 
City, MO. 

Alexander, W.B. (1932).  The bird population of an 
Oxfordshire farm.  Journal of Animal Ecology 1, 58-64.  

Alvarez, T., Frampton, G.K. & Goulson, D. (1997a).  
Population dynamics of epigeic Collembola in arable 
fields: The importance of hedgerow proximity and 
crop type.  Pedobiologia 41, 110-114.  Department of 
Biology, University of  Southampton, Southampton, 
UK.  

Alvarez, T., Frampton, G.K. & Goulson, D. (2000).  The 
role of hedgerows in the recolonisation of arable 
fields by epigeal Collembola.  Pedobiologia 44, 516-526. 

Alvarez, T., Frampton, G.K., Goulson, D., Metzger, J.P. 
& Decamps, H. (1997b).  The structural connectivity 
threshold: An hypothesis in conservation biology at 
the landscape scale.  Pedobiologia 41, 110-114.  

Ambsdorf, J. (1996).  Phytophagous Arthropoda in 
different alder stands (Alnus glutinosa) of the 
Bornhoeved lake district with special regard to the 
canopy. Faunistisch-Oekologische Mitteilungen Supplement, 
20, 77-110.  Hexentellerweg 3c, D-24145 Kiel, 
Germany.  

Anderson, J. (1784).  Essays Relating to Agriculture and Rural 
Affairs.  Edinburgh: John Bell.  

Andersson, H. (1995).  Landlords and farmers - 
Implications of disparities in bargaining power for 
tenancy in agriculture.  Agricultural Economics 12, 151-
162.  

Andrews, M., Mercer, C., Griffin, P., Andrews, M.E. & 
Cherill, A. (1999).  Autecology of common 
herbaceous hedgerow species in Britain.  Aspects of 
Applied Biology 54, 353-260. 

Andrews, J. & Rebane, M. (1994).  Farming & wildlife: A 
practical management handbook.  RSPB, Sandy.  358 pp. 

Angelstam, P., Hansson, L. & Pehrsson, S. (1987).  
Distribution borders of field mice: the importance of 
seed abundance and landscape composition.  Oikos 
50, 123-130.  

Anon. (1955).  Merthyr Report: Report of the Committee on 
hedgerow and park timber.  London: HMSO.  

Anon. (1963).  Science Out of Doors. London.  Report of 
the Study Group on Education and Field Biology.  

Anon. (1971).  Hedges and Local History.  London: National 
Council of Social Services for the Standing 
Conference for Local History.  

Anon. (1975).  Hedging - A practical conservation handbook.  
Reading: British Trust for Conservation Volunteers.  

Anon. (1979).  Farm and Estate Hedges.  Leaflet 11.  
London: HMSO.  Ministry of Agriculture, Fisheries 
and Food  

Anon. (1980a).  Hedge Management. Cheltenham: 
Countryside Commission.  (Leaflet, 7th ed.).  

Anon. (1980b).  Managing Farm Hedges.  Leaflet 762. 
London: Ministry of Agriculture, Fisheries and Food. 

Anon. (1986). Hedgerows.  ADAS/MAFF Leaflet 3027.  
Alnwick: Ministry of Agriculture, Fisheries and Food 
(Publications).  

Anon. (1988). Hedgerows and Birds.  Sandy: Royal Society 
for the Protection of Birds. 

Anon. (1991).  Saw Points: Protecting Hedges, Trees, 
Woodlands and Orchards.  Council for the Protection of 
Rural Wales, Council for National Parks.  

Anon. (1993). Hedgerow Management.  ADAS Leaflet C1.  

Anon. (1995a).  Biodiversity: The UK Steering Group Report.  
Vol. 1: Meeting the Rio Challenge.  London: HMSO. 



BIBLIOGRAPHY 

HEDGEROW MANAGEMENT & WILDLIFE 71

Anon. (1995b).  Biodiversity: The UK Steering Group Report.  
Vol. 2: Action Plans.  London: HMSO. 

Anon. (1997).  Devon’s Hedges: Conservation and Management.  
Devon County Council and The Devon Hedge 
Group.  

Anon. (1997b).  The Nature of Dartmoor: A Biodiversity 
Profile.  English Nature and Dartmoor National Park 
Authority.  

Anon. (1997c).  The Hedgerows Regulations 1997. Statutory 
Instruments 1997.  No. 1160 Countryside.  London: 
HMSO. 

Anon. (Undated-a).  Hedges and Field Boundaries. 
Kenilworth: Farming and Wildlife Advisory Group. 

Anon. (Undated-b).  Hedges and Hedgerow Management. 
Eversham: Bomford and Evershed Limited. 

Arnold, G. (1983).  The influence of ditch and hedgerow 
structure, length of hedgerow and area of woodland 
and garden on bird numbers on farmland.  Journal of 
Applied Ecology 20, 731-750.  

Asteraki, E.J., Clements, R.O., O’Donovan, G., Clifford, 
B.C., Jones, A.T., Haggar, R.J. & Thomas, B.J. (1994).  
Renovation and exploitation of hedges around 
grassland.  In T.A. Watt & G.P. Buckley (Eds.), 
Hedgerow Management and Nature Conservation. (pp. 16-
34). Ashford, Kent: Wye College Press.  

Asteraki, E.J., Hanks, C.B. & Clements, R.O. (1992a).  
The impact of the chemical removal of the hedge-
base flora on the community structure of carabid 
beetles (Col., Carabidae) and spiders (Araneae) of the 
field and hedge bottom.  Journal of Applied Entomology 
113, 398-406.  

Asteraki, E.J., Hanks, C.B. & Clements, R.O. (1992b).  
The impact of two insecticides on predatory ground 
beetles (Carabidae) in newly sown grass.  Annals of 
Applied Biology 120, 25-39.  

Asteraki, E.J., Hanks, C.B. & Clements, R.O. (1995).  
The influence of different types of grassland field 
margin on carabid beetle (Coleoptera, Carabidae) 
communities.  Agriculture, Ecosystems and Environment 
54, 195-202.  

Aude, E., Tybirk, K. & Pedersen, M.B. (2003). 
Vegetation diversity of conventional and organic 
hedgerows in Denmark.  Agriculture, Ecosystems and 
Environment 99, 135-147. 

Auerswald, K. & Weigand, S. (1996).  Ecological impact 
of dead-wood hedges: Release of dissolved 
phosphorus and organic matter into runoff.  Ecological 
Engineering 7, 183-189.  

Baeumer, K. (1994).  Possibilities and limits of the layout 
of farming systems in the view of the increased 
utilisation of self-regulation mechanisms in the 
agroecosystem.  Berichte ueber Landwirtschaft Sonderheft 
209, 103-122.  

Baines, M., Hambler, C., Johnson, P.J., Macdonald, D.W. 
& Smith, H. (1998).  The effects of arable field 
margin management on the abundance and species 
richness of Araneae (spiders).  Ecography 21, 74-86. 

Balaam, N.D., Smith, K. & Wainwright, G.J. (1982).  The 
Shaugh Moor project.  Proceedings of the Prehistoric 
Society 48, 203-278.  

Balent, G. & Courtiade, B. (1992).  Modelling landscape 
changes in a rural area of south western France.  
Landscape Ecology 6, 195-212.  

Bannister, J. (1799).  Synopsis of husbandry: being cursory 
observations in the several branches of the rural economy 
adduced from a long practical experience in a farm of 
considerable extent.  London: G.G. & J. Robinson.  

Bannister, J. (1991).  The management and growth of hawthorn 
(Crataegus monogyna Jacq.) under experimental conditions 
and on lowland farms in England.  Unpublished PhD 
thesis, University of London.  

Bannister, N.R. & Bannister, D.E. (1993a).  The historic 
landscape survey of Great Tong Farm, Headcorn, Kent.  
Unpublished Report for English Heritage, 
Archaeology Division, Fortress House, 23 Savile 
Row, London.  

Bannister, N.R. & Bannister, D.E. (1993b).  The historic 
landscape survey of Wormshill Estate, Sittingbourne, Kent.  
Unpublished Report for English Heritage, 
Archaeology Division, Fortress House, 23 Savile 
Row, London.  

Bannister, N.R. & Watt, T.A. (1994).  Hedgerow 
management: past and present.  In T.A. Watt & G.P. 
Buckley (Eds.), Hedgerow Management and Nature 
Conservation (pp. 7-15). Ashford, Kent: Wye College 
Press.  

Bannister, N.R. & Watt, T.A. (1995).  Effects of cutting 
on the growth of Crataegus monogyna (Hawthorn) in 
hedges.  Journal of Environmental Management 45, 395-
410.  

Barker, A.R.C. (1980).  Planting Farm Hedges.  Pinner: 
Ministry of Agriculture, Fisheries and Food 
(Publications).  

Barr, C.J. (1990).  Countryside Survey 1990.  NERC News 
15, 4-6.  

Barr, C.J. (1998).  Countryside Survey 2000 - Field Handbook.  
Centre for Ecology and Hydrology. 

Barr, C.J., Ball, D.F., Bunce, R.G.H. & Whittaker,  H.A. 
(1985).  Rural land use and landscape change.  1984 
Annual Report (pp. 133-135).  Institute of Terrestrial 
Ecology.  

Barr, C.J., Benefield, C.B., Bunce, R.G.H., Ridsdale,  
H.A. & Whittaker, M. (1986).  Landscape changes in 
Britain.  Huntingdon: Institute of Terrestrial Ecology.  



BIBLIOGRAPHY 

HEDGEROW MANAGEMENT & WILDLIFE 72

Barr, C.J., Britt, C.P. & Sparks, T.H. (Eds.) (1995).  
Hedgerow Management and Wildlife.  Institute of 
Terrestrial Ecology/ADAS report to the Ministry of 
Agriculture, Fisheries and Food. 

Barr, C.J., Bunce, R.G.H., Clarke, R.T., Fuller, R.M., 
Furse, M.T., Gillespie, M.K., Groom, G.B., Hallam, 
C.J., Hornung, M., Howard, D.C. & Ness, M.J. 
(1993).  Countryside Survey 1990.  Main Report.  London: 
Department of the Environment. 

Barr, C.J., Firbank, L.G., Howard, D.C., Maskell, L.C., 
Norton, L.R., Petit, S., Smart, S.M., Stuart, R.C. & 
Watkins, J.W. (2003).  Countryside Survey 2000: Module 
17 - Finding Out Causes and Understanding Significance 
(CS2000 FOCUS).  Final Report.  Vol. I: Implications of 
Findings to Policy.  Report to Department for 
Environment, Food and Rural Affairs.  Centre for 
Ecology and Hydrology (CEH) Lancaster. 

Barr, C.J. & Gillespie, M.K. (2000).  Estimating 
hedgerow length and pattern characteristics in Great 
Britain using Countryside Survey data.  Journal of 
Environmental Management 60, 23-32. 

Barr, C.J., Gillespie, M.K. & Howard, D.C. (1994). 
Hedgerow Survey 1993 (Stock and change estimates of 
hedgerow length in England and Wales, 1990-1993). 
Institute of Terrestrial Ecology report for the 
Department of the Environment, July 1994.  Dept of 
the Environment.  

Barr, C.J. & Howard, D.C. (1992).  Changes in hedgerows in 
Wales, 1984-1990.  Countryside Council for Wales, 
Bangor. 

Barr, C.J., Howard, D.C., Bunce, R.G.H., Gillespie,  
M.K. & Hallam, C.J. (1991).  Changes in hedgerows in 
Britain between 1984 and 1990.  Grange-over-Sands, 
Cumbria: Institute of Terrestrial Ecology.   ITE 
Contract Report for the Department of the 
Environment.  

Barr, C.J. & Parr, T.W. (1994).  Hedgerows: linking 
ecological research and countryside policy.  In T.A. 
Watt & G.P. Buckley (Eds.), Hedgerow Management and 
Nature Conservation (pp. 119-136). Ashford, Kent: Wye 
College Press.  

Barr, C.J. & Petit, S. (Eds.) (2001).  Hedgerows of the World: 
their ecological functions in different landscapes. Proceedings 
of the tenth annual IALE(UK) conference, University 
of Birmingham, 5-8 September 2001.  IALE(UK).  
377 pp. 

Barr, C.J. & Sparks, T. (1999).  Why thirty metres?- the 
relationship between hedgerow length and woody 
species diversity.  In D. McCollin (Ed.), Hedgerow 
Conservation: Policy, Protection and Evaluation. .  Abstracts  
of papers presented at a conference at University 
College, Northampton, UK, July 21, 1999. 

Barr, C.J. & Whittaker, M. (1987).  Trees in the British 
landscape - doom and boom.  Arboricultural Journal 11, 
115-126.  

Bates, G.H. (1937).  The vegetation of wayside and 
hedgerow.  Journal of Ecology 25, 469-481. 

Batho, J. (1990).  Review of tree preservation policies and 
legislation.  Report to the Secretary of State for the 
Environment.  London: Department of the 
Environment.  

Baudry J. (1984).  Effects of landscape structure on 
biological communities: the case of hedgerow 
network landscapes.  In J. Brandt & P. Agger 
(Eds.), Methodology in Landscape, Ecological Research 
and Planning 1, 55-65. 

Baudry, J. (1985).  Utilisation des concepts de Landscape 
Ecology pour l’analyse de l’escapce rural: occupation 
du sol et bocage.  (Thèse de Doctorat d’Etat, 
University de Rennes 1).  

Baudry, J. (1988a).  Hedgerows and hedgerow networks 
as wildlife habitat in agricultural landscapes.  In J. 
Park (Ed.), Environmental Management in Agriculture. 
(pp. 111-124).  London: Belhaven. (European 
Perspectives).  

Baudry, J. (1988b).  Structure et fonctionnement 
ecologique des paysages: cas des bocages.  Bulletin 
d’Ecologie 19, 523-530.  

Baudry, J. (1995).  Organisation Paysagere, Agricole, 
Ecologique, Sociale des Structures Lineaires Bolsees: 
Bocages d’Armorique, de Provence et des Alpes.  
INRA-SAD, Armorique, Rennes, France.  

Baudry, J. & Bunce, R.G.H. (2001).  An overview of the 
landscape ecology of hedgerows.  In C Barr & S. Petit 
(Eds.), Hedgerows of the World: their ecological functions in 
different landscapes (pp. 3-16).  IALE(UK). 

Baudry, J. Bunce, R.G.H. & Burel, F. (2000).  
Hedgerows: An international perspective on their 
origin, function and management.  Journal of 
Environmental Management 60, 7-22. 

Baudry, J. & Burel, F. (1984).  Landscape project: 
Remembrement: Landscape consolidation in France. 
Landscape Planning 11, 235-241.  

Baudry, J., Burel, F. & Hawylenko, V. (1992).  
Comparison of landscape pattern dynamics in 
European rural areas.  Euromab Seminar 1991.  

Baudry, J., Burel, F., Thenail, C. & Le Cœur, D. (2000). A 
holistic landscape ecological study of the interactions 
between farming activities and ecological patterns in 
Brittany, France.  Landscape and Urban Planning 50, 
119-128. 

Baudry, J. & Forman, R.T.T. (1983).  Hedgerows as 
corridors for forest plants in a New Jersey agricultural 
landscape.  Bulletin of the Ecological Society of America 
64(2):96.  



BIBLIOGRAPHY 

HEDGEROW MANAGEMENT & WILDLIFE 73

Baudry, J. & Merriam, H.G. (1988).  Connectivity and 
connectedness: functional versus structural patterns 
in landscapes.  In K.F. Schreiber (Ed.), Connectivity in 
Landscape Ecology (pp. 23-28).  Münstersche Geographische 
Arbeiten 29.  

Baudry, J., Tatoni, T., Luginbuhl, Y., Barre, V.  & Berlan-
Darque, M. (1993).  Bocages et environnement.  Rech. 
Etud, Environ. Dev. 41, 15.  

Baudry, J., Trotel, M.C., Burel, F. & Asselin, A. (1988).  
L’Erosion des Terres Agricuoles dans les Massif 
Armoriain, Ministeres de l’Environ et de l’Agri, 
CERESA Impr. Nat. Paris. 

Baur, A. & Baur, B. (1993).  Daily movement patterns 
and dispersal in the land snail Arianta arbustorum.  
Malacologia 35, 89-98.  

Bayley, M. (1995).  Prolonged effects of the insecticide 
dimethoate on locomotor behaviour in the 
woodlouse, Porcellio scaber Latr. (Isopoda).  
Ecotoxicology 4, 79-90.  

Bazely, D.R., Myers, J.H. & Burke da Silva, K. (1991).  
The response of numbers of bramble prickles to 
herbivory and depressed resource availability.  Oikos 
61, 327-336.  

Bazin, P. & Schmutz, T. (1994).  The rise and fall of 
hedgerow landscaping in Europe. Revue Forestiere 
Francaise (Nancy) 46 (Special Issue), 115-118.  

Beddall, J.L. (1950).  Hedges for Farm and Garden.  London: 
Faber and Faber.  

Beier, P. & Noss, R.F. (1998).  Do habitat corridors 
provide connectivity?  Conservation Biology 12, 1241-
1252. 

Bell, A.C., McAdam, J.H. & Henry, T. (1994).  Field 
boundary management and the wildlife value of 
hawthorn hedges.  In T.A. Watt & G.P. Buckley 
(Eds.), Hedgerow Management and Nature Conservation. 
Ashford, Kent: Wye College Press.  (Abstract).  

Bellamy, P.E., Hinsley, S.A. & Rothery, P. (1999).  A 
comparison of field boundaries between areas 
managed for game birds and those not managed for 
game birds.  Aspects of Applied Biology 54, 329-336. 

Bellamy, P.E., Shore, R.F., Ardeshir, D., Treweek, J.R. & 
Sparks, T.H. (2000).  Road verges as habitat for small 
mammals in Britain.  Mammal Review 30, 131-139. 

Belsey, V. (1998).  The Green Lanes of England.  Totnes: 
Green Books Ltd. 

Bennett, A.F. (1990).  Habitat corridors, their role in wildlife 
management and conservation.  Arthur Rylah Institute for 
Environmental Research, Department of 
Conservation and Environment, Melbourne, 
Australia.  

Berry, R.J. (1991).  The House Mouse.  In G.B. Corbett 
& S. Harris (Eds.), Handbook of British Mammals (pp. 
239-247).  Oxford: Blackwell Scientific Publications.  

Berwaerts, K., Van Dyck, H., Van Dongen, S. & 
Matthysen, E. (1998).  Morphological and genetic 
variation in the speckled wood butterfly (Pararge 
aergeria L.) among differently fragmented landscapes.  
Netherlands Journal of Zoology 48, 241-253.  

Bezzel, E. & Ranftl, H. (1996).  Species richness 
depending on agriculture and forestry: A status 
survey of the birds of Bavaria.  Ornithologischer 
Anzeiger, 35, 49-74.  

Bickmore, C.J. & West, R.C. (1999a).  Welsh hedgerows: 
development of a survey and stratification process. 
Aspects of Applied Biology 54, 263-268. 

Bickmore, C.J. (1999b).  Hedgerow establishment for 
wildlife benefit, location and structural aspects some 
findings from the national survey of farms.  Aspects of 
Applied Biology 54, 299-306. 

Bickmore, C.J. (2001).  The function of hedges in 
England and Wales – reasons for their establishment. 
In C. Barr & S. Petit (Eds.), Hedgerows of the World: 
their ecological functions in different landscapes (pp 329-338).   
IALE(UK). 

Bickmore, C.J. (2002).  Hedgerow Survey Handbook: a 
standard procedure for local surveys in the UK.  London: 
Department for Environment, Food and Rural 
Affairs. 

Birnie, J.E. (1984).  A preliminary study on the effect of 
some agrochemical herbicides on a range of field 
margin flora.  Technical Report Agricultural Food Research 
Council Vol. 79.  Weed Research Organisation.  

Birnie, J.E. (1985).  A further study on the effects of six 
cereal herbicide treatments on a range of field margin 
flora.  Technical Report Agricultural Food Research Council 
Vol. 88.  Weed Research Organisation.  

Blackshaw, R.P. & D’Arcy Burt, S. (1997).  Spatial 
distribution of bibionid larvae in agricultural 
grassland.  Entomologia Experimentalis et Applicata 84, 
17-25.  

Blackwell, J.A. & Dowdeswell, W.H. (1951).  Local 
movement in the blue tit.  British Birds 44, 397-403.  

Blake, D., Hutson, A.M., Racey, P.A., Rydell, J. & 
Speakman, J.R. (1994).  Use of lamplit roads by 
foraging bats in southern England.  Journal of Zoology 
234, 453-462.  

Blondel, J. (1986a).  Biogéographie évolutive.  Masson. 

Blondel, J. (1986b).  Biogéographique et écologie.  Masson.  

Blyth, J., Evans, J., Mutch, W.E.S. & Sidwell, C. (1987).  
Farm Woodland Management. Ipswich: Farming Press 
Limited.  189 pp. 



BIBLIOGRAPHY 

HEDGEROW MANAGEMENT & WILDLIFE 74

Boatman, N. & Theaker, A. (1993).  Restoring hedgerow 
ground flora.  Game Conservancy Review of 1992 (pp. 72-
74).  

Boatman, N.D. (1989).  Selective weed control in field 
margins.  Brighton Crop Protection Conference: Weeds Vol. 
2, 785-795.   Farnham: British Crop Protection 
Council. 

Boatman, N.D. (1992).  Improvement of field margin 
habitat by selective control of annual weeds.  Aspects 
of Applied Biology 29: Vegetation Management in Forestry, 
Amenity and Conservation Areas, 431-436.  

Boatman, N.D. (1992a).  Herbicides and the 
management of field boundary vegetation.  Pesticide 
Outlook 3, 30-34. 

Boatman, N.D., Blake, K.A., Aebischer, N.J. & 
Sotherton, N.W. (1994a).  Factors affecting the 
herbaceous flora of hedgerows on arable farms and 
its value as wildlife habitat.  In T.A. Watt & G.P. 
Buckley (Eds.), Hedgerow Management and Nature 
Conservation (p. 33). Ashford, Kent: Wye College 
Press.  

Boatman, N.D., Rew, L.J., Theaker, A.J. & Froud-
Williams, R.J. (1994b).  The impact of nitrogen 
fertilisers on field margin flora.  In N. Boatman (Ed.), 
Field Margins: Integrating Agriculture and Conservation.  
BCPC Monograph No. 58, 209-214.  Farnham: British 
Crop Protection Council.  

Boatman, N.D. & Wilson, N.W. (1988).  Field edge 
management for game and wildlife conservation.  
Aspects of Applied Biology 16, 53-61.  

Boatman, N.E.  (Ed.) (1994).  Field Margins: Integrating 
Agriculture and Conservation.  BCPC Monograph No. 58.  
Proceedings of BCPC Symposium, Coventry, 
England, 18-20 April, 1994.  Farnham: British Crop 
Protection Council.  

Boatman, N.J., Dover, J.W., Wilson, P.J., Thomas, M.B. 
& Cowgill, S.E. (1989).  Modification of farming 
practice at field margins to encourage wildlife.  In 
G.P. Buckley (Ed.), Biological Habitat Reconstruction. 
(pp. 299-311).  London: Belhaven Press. 

Boatman, N.J. & Sotherton, N.W. (1988).  The 
agronomic consequence and costs of managing field 
margins for game and wildlife conservation.  Aspects of 
Applied Biology 17, 47-56.  

Boldt, P.E., Rosenthal, S.S. & Srinivasan, R. (1998).  
Distribution of field bindweed and hedge bindweed 
in the USA.  Journal of Production Agriculture 11, 377-
381. 

Bonnieux, F. & Le Goffe, P. (1997).  Valuing the benefits 
of landscape restoration: A case study of the cotentin 
in Lower Normany, France.  Journal of Environmental 
Management 50, 321-333.  

Boone, G.C. & Tinklin, R. (1988).  Importance of 
hedgerow structure in determining the occurrence 
and density of small mammals.  Aspects of Applied 
Biology 16, 73-78.  

Boorman, S.A. & Levitt, P.R. (1973).  Group selection on 
the boundary of a stable population.  Theoretical 
Population Biology 4, 85-128.  

Boots, A.J. (2001).  The effect of connection to woodlands 
on the woody species composition of hedgerows: A case 
study on the Mendip Hills plateau, North Somerset.  In 
C. Barr & S. Petit.(Eds.),  Hedgerows of the World: their 
ecological functions in different landscapes (pp. 157-162).  
IALE(UK). 

Bosch, S. & Havelka, P. (1998).  Telemetric studies on 
the daily activities of the magpie (Pica pica) in winter.  
Vogelwarte 39, 171-175.  

Boutin, C. & Jobin, B. (1998).  Intensity of agricultural 
practices and effects on adjacent habitats.  Ecological 
Applications 8, 544-557.  

Boutin, C., Jobin, B., Bélanger, L. & Choinière, L. (2001).  
Comparing weed composition in natural and planted 
hedgerows and in herbaceous field margins adjacent 
to crop fields.  Canadian Journal of Plant Science 81, 313-
324. 

Boutin, C., Jobin, B., Bélanger, L. & Choinière, L. (2002).  
Plant diversity in three types of hedgerows adjacent 
to cropfields.  Biodiversity and Conservation 11, 1-25. 

Boutin, C., Jobin, B. & Desgranges, J.L. (1994).  
Modifications of field margins and other habitats in 
agricultural areas of Quebec, Canada, and effects on 
plants and birds.  In N. Boatman (Ed.), Field Margins: 
Integrating Agriculture and Conservation.  BCPC Monograph 
No. 58, 139-144.  Farnham: British Crop Protection 
Council. 

Bowden, H.C., Evans, J. & Race, E. (1978).  An 
investigation of the Wessex linear ditch system.  Early 
land allotment in the British Isles.  In H.C. Bowen & 
P.J. Fowler (Eds.), British Archaeological Reports. Vol. 
48, 149-154.  

Bowden, J. & Dean, G.J.W. (1977).  The distribution of 
flying insects in and near a tall hedgerow.  Journal of 
Applied Ecology 14, 343-354.  

Boyd, W.E. (1984).  Prehistoric hedges: Roman Iron age 
hedges from Bar Hill.  Scottish Archaeological Review 
3(Pt 1), 32-34.  

Bradbury, R.B., Kyrkos, A., Morris, A.J., Clark, S.C., 
Perkins, A.J. & Wilson, J.D. (2000).  Habitat 
associations and breeding success of yellowhammers 
on lowland farmland.  Journal of Applied Ecology 37, 
789-805. 

Bradshaw, A.D. (1971).  The significance of hedgerows.  
In Hedges and Local History (pp. 20-29).  London: 
National Council of Social Services.  



BIBLIOGRAPHY 

HEDGEROW MANAGEMENT & WILDLIFE 75

Brandt, J. & Agger, P.E. (1984).  Methodology in Landscape 
Ecological Research and Planning.  5th Edition.  Roskilde 
University Centre.  

Breeze, V., Thomas, G. & Butler, R. (1992).  Use of a 
model and toxicity data to predict the risks to some 
wild plant species from drift of four herbicides.  
Annals of Applied Biology 121, 669-677.  

Brenchley, W.E. & Warington, K. (1930).  The weed seed 
population of arable soil.  I. Numerical estimation of 
viable seeds and observation on their natural 
dormancy.  Journal of Ecology 18, 235-272.  

Brenchley, W.E. & Warington, K. (1933).  The weed seed 
population of arable soil.  II. Influence of crop, soil 
methods of cultivation upon the relative abundance 
of viable seeds.  Journal of Ecology 21, 103-127.  

Brickle, N.W., Harper, D.G.C., Aebischer, N.J. & 
Cockayne S.J. (2000).  The effect of agricultural 
intensification on breeding success of corn bunting 
Miliaria calandra.  Journal of Applied Ecology 37, 742-755. 

Bright, P.W. (1998).  Behaviour of specialist species in 
habitat corridors: arboreal dormice avoid corridor 
gaps.  Animal Behaviour 56, 1485-1490. 

Bright, P. & MacPherson, D. (2002).  Hedgerow 
Management, Dormice and Biodiversity.  English Nature 
Research Report No. 454. 

Bright, P., Mitchell, P. & Morris, P. A. (1994).  
Dormouse distribution: survey techniques, insular 
ecology and selection of sites for conservation.  
Journal of Applied Ecology 31, 329-339.  

Bright, P. & Morris, P. (1989).  A practical guide to dormouse 
conservation.  Mammal Society Occasional Publication 
No.11. 

Bright, P., Morris, P. & Mitchell-Jones, T. (1996).  The 
Dormouse Conservation Handbook.  Peterborough: 
English Nature.  

British Herpetological Society. (Undated).  Save our 
Reptiles.  Shoreham-on-Sea: British Herpetological 
Society.  Advisory Leaflet.  

Britt, C.P. (1994).  Clematis vitalba (old man’s beard) as a 
competitive “weed” in hedgerows and the effects of 
hedge cutting regimes on its development.  In N. 
Boatman (Ed.), Field Margins: Integrating Agriculture and 
Conservation.  BCPC Monograph No. 58, 241-246.  
Farnham: British Crop Protection Council. 

Britt, C., Churchward, J., Shea, L., McMillan, S. & 
Wilson, D. (2000).  Hedgerow Management: A Study of 
Farmers’ and Contractors’ Attitudes.  ADAS contract 
report for the Ministry of Agriculture, Fisheries and 
Food. 

Britt, C.P., Sparks, T.H., McCollin, D. & Phillips, P. 
(1996).  The restoration of stock-damaged hedges: 
comparison of various strategies for hedge repair and 
their effects on the hedge-bottom flora.  Aspects of 
Applied Biology 44; Vegetation Management in Forestry, 
Amenity and Conservation Areas: Managing for Multiple 
Objectives, 319-325.  

Brodin, A. & Clark, C.W. (1997).  Long-term hoarding in 
the Paridae: A dynamic model.  Behavioral Ecology 8, 
178-185.  

Brodmann, P.A., Reyer, H.U., Bollmann, K., Schlapfer, 
A.R. & Rauter, C. (1997).  The importance of food 
quantity and quality for reproductive performance in 
alpine water pipits (Anthus spinoletta).  Oecologia 109, 
200-208.  

Brooks, A. (1980).  Hedging.  Reading: British Trust for 
Conservation Volunteers. 

Brooks, A. & Agate, E. (1998).  Hedging.  A Practical 
Conservation Handbook.  Wallingford: British Trust for 
Conservation Volunteers.  

Brown, A.L. (1995).  Biological weed control in arable 
hedgerows.  Brighton Crop Protection Conference: Weeds, 
Vols. 1-3. Proceedings International Conference, 
Brighton, UK, November 20-23, 1995.  Vol. 3, 357-
358.  Farnham: British Crop Protection Council.  

Brown, N.J. (2000).  Carabid Ecology in Organic and 
Conventional Farming Systems: Population Density, Diversity 
and High Resolution Spatial Dynamics.  PhD thesis, 
University of Bristol. 

Bruckhaus, A. & Buchner, W. (1995).  Hedges on 
farmland: effects on field crop yields and ecological 
parameters.  Berichte über Landwirtschaft 73, 435-465.  

Brunel, E., & Cancela de Fonseca, J.R. (1979).  Concept 
de la diversite dans les ecosystemes complexes.  
Bulletin d’écologie 10, 147-163.  

Bryson, W. (1993).  Britains hedgerows.  National 
Geographic.  September 1993.  

Buckingham, D.L., Evans, A.D., Morris, A.J., Orsman, 
C.J. & Yaxley, R. (1999).  The use of set-aside land in 
winter by declining farmland birds.  Bird Study 46, 
157-169. 

Bull, A.L., Mead, C.J. & Williams, K. (1976).  Bird life on 
a Norfolk farm in relation to agricultural changes.  
Bird Study 23, 163-182.  

Bunce, R.G.H. (1979).  Ecological Survey of Britain. 1978 
Annual Report: Institute of Terrestrial Ecology. 

Bunce, R.G.H., Barr, C.J., Gillespie, M.K., Howard, D.C., 
Scott, W.A., Smart, S.M., van de Poll, H.M. & 
Watkins, J.W. (1999a).  Vegetation of the British 
Countryside.  ECOFACT Volume 1.  Department of 
the Environment, Transport and the Regions, 
London.  



BIBLIOGRAPHY 

HEDGEROW MANAGEMENT & WILDLIFE 76

Bunce, R.G.H., Barr, C.J., Howard, D.C. & Hallam, C.J. 
(1994a).  The current status of field margins in the 
UK.  In N. Boatman (Ed.),  Field Margins: Integrating 
Agriculture and Conservation.  BCPC Monograph No. 58, 
13-20.  Farnham: British Crop Protection Council.  

Bunce, R.G.H., Barr, C.J. & Whittaker, H.A. (1983).  A 
stratification system for ecological sampling.  In R.M. 
Fuller (Ed.), Ecological Mapping from Ground, Air and 
Space (pp. 39-46).  Cambridge: Institute of Terrestrial 
Ecology.  

Bunce, R.G.H., Barr, C.J. & Whittaker, M. (1981).  Land 
classes in Great Britain: Preliminary descriptions for users of 
the Merlewood method of Land Classification.  Merlewood 
Research and Development Paper No. 86.  Grange-
over-Sands, Cumbria: Institute of Terrestrial Ecology. 

Bunce, R.G.H. & Hallam, C.J. (1991).  Diversity of 
vegetation in British landscapes.  In F.D. Pineda, 
M.A. Casado, J.M.D. Miguel & J. Montalvo (Eds.), 
Biological Diversity (pp. 77-81).  Madrid: Fundacion 
Ramon Areces.  

Bunce, R.G.H., Howard, D.C., Barr, C.J., Cummins, R.C. 
& French, D. (1994b).  Botanical diversity in British 
hedgerows.  In N. Boatman (Ed.),  Field Margins: 
Integrating Agriculture and Conservation.  BCPC Monograph 
No. 58, 43-52.  Farnham: British Crop Protection 
Council.  

Bunce, R.G.H., Smart, S.M., Van de Poll, H.M., Watkins, 
J.W. & Scott, W.A. (1999b).  Measuring Change in 
British Vegetation.  ECOFACT Volume 2.  
Huntingdon: Institute of Terrestrial Ecology. 

Burel, F. (1988).  Biological patterns and structural 
patterns in agricultural landscapes.  In K.F. Schreiber 
(Ed.), Connectivity in Landscape Ecology (pp. 107-110).  
2nd IALE seminar, Müstersche Geographische Arbeiten 
29.  

Burel, F. (1989).  Landscape structure effects on carabid 
beetles spatial patterns in western France.  Landscape 
Ecology 2, 215-226.  

Burel, F. (1991).  Dynamique d’un paysage: réseaux et 
flux biologiques.  Editions due Muséum National 
d’Histoire Naturelle, Paris ed.  

Burel, F. (1992).  Effect of landscape structure and 
dynamics on carabids biodiversity in Brittany, France.  
Landscape Ecology 6, 161-174.  

Burel, F. (1993).  Time lags between spatial pattern 
changes and distribution changes in dynamic 
landscapes.  Landscape Urban Planning 24, 161.  

Burel, F. (1996).  Hedgerows and their role in agricultural 
landscapes.  Critical Reviews in Plant Sciences 15, 169-
190.  

Burel, F. & Baudry, J. (1990a).  Hedgerow networks as 
habitats for colonisation of abandoned agricultural 
land.  In R.G.H. Bunce & D.C. Howard (Eds.), Species 
Dispersal in Agricultural Environments (pp. 238-255).  
Lymington: Belhaven Press.  

Burel, F. & Baudry, J. (1990b).  Structural dynamics of a 
hedgerow network landscape in Brittany, France.  
Landscape Ecology 4, 197-210.  

Burel, F. & Baudry, J. (1994).  Reaction of ground beetles 
to vegetation changes following grassland dereliction.  
Acta Oecologia 15, 401-415.  

Burel, F. & Baudry, J. (1994a).  Control of biodiversity in 
hedgerow network landscapes in western France.  In 
T.A. Watt & G.P. Buckley (Eds.), Hedgerow 
Management and Nature Conservation (pp. 47-57).  
Ashford, Kent: Wye College Press.  

Burel, F. & Baudry, J. (1995).  Social, aesthetic and 
ecological aspects of hedgerows in rural landscapes as 
a framework for greenways.  Landscape and Urban 
Planning 33, 327-340.  

Burel, F., Baudry, J. & Lefeuvre, J.C. (1992).  Landscape 
structure and water fluxes.  In R.G.H. Bunce, L. 
Ryszkowski & M.G. Paoletti (Eds.), Landscape Ecology 
and Agroecosystems (p. 41).  Boca, Raton, Florida, USA: 
CRC Press.  

Burel, F., Baudry J. Butet, A., Clergeau, P., Delettre, Y., 
Le Coeur, D., Dubs, F., Morvan, N., Paillat, G., Petit, 
S., Thenail, C., Burnel, E. & Lefeuvre, J.C. (1998).  
Comparative biodiversity along a gradient of 
agricultural landscapes.  Acta Oecologia 19, 47-60.  

Burel, F.E. (1995).  Ecological Patterns and Processes in 
European Agricultural Landscapes.  Amsterdam: 
Landscape and Urban Planning.  

Burgess, R.L. & Sharpe, D.M. (Eds.) (1981).  Forest Island 
Dynamics in Man Dominated Landscapes.  New York: 
Springer-Verlag.  

Burgio, G., Ferrari, R. & Boriani, L. (1997).  Community 
analysis of hoverflies (Diptera, Syrphidae) in farms 
with different hedges in the Bologna province (Italy).  
Bollettino dell’Istituto di Entomologia “Guido Grandi” della 
Universita degli Studi di Bologna, 51, 69-77.  

Busche, G. (1997).  Population dynamics of breeding 
birds of farmland with hedges and human settlements 
in western Schleswig-Holstein, 1960 to 1995.  
Vogelwelt 118, 11-32.  

Button, N. (2003).  Dorset’s changing hedgebanks - a 
resurvey of Professor Good’s hedgebanks in Dorset.  
Contract report for the Department for 
Environment, Food and Rural Affairs. 

Caborn, J. (1970).  Hedges.  Ministry of Agriculture, 
Fisheries and Food/Joint Shelter Research 
Committee.  



BIBLIOGRAPHY 

HEDGEROW MANAGEMENT & WILDLIFE 77

Caborn, M. (1965).  Shelterbelts and Windbreaks.  London: 
Faber and Faber.  

Cadbury, D.A., Hawkes, J.G. & Readett, R.C. (1971).  A 
computer mapped flora: a study of the county of 
Warwickshire.  London: Academic Press.  

Cambridge, W. (1845).  On the advantages of reducing 
the size and number of hedges.  Journal of the Royal 
Agricultural Society of England 6, 333-342.  

Cameron, R.A.D., Down, K. & Pannett, D. J. (1980).  
Historical and environmental influences on hedgerow 
snail faunas.  Biological Journal of the Linnean Society 13, 
75-87.  

Cameron, R.A.D. & Pannett, D.J. (1980a).  Hedgerow 
shrubs and landscape history: Some Shropshire 
examples.  Field Studies 5, 177-194.  

Cameron, R.D. & Pannett, D.J. (1980b).  Hedgerow 
shrubs and landscape history in the West Midlands.  
Arboricultural Journal 4, 147-152.  

Carlisle, E. (1990).  A hedgerow code of practice. 
Agriculture in Northern Ireland 5, 19-20.  

Carnegie, H.M. & Davies, D.H.K. (1993).  A survey of 
the vegetation of field boundaries and conservation 
headlands in three arable areas of Scotland.  In G.H. 
Williams (Ed.), Proceedings of a conference on Crop 
Protection in Northern Britain, Dundee, UK.  Dundee: 
Scottish Crop Research Institute.  

Carreras, J., Carrillo, E., Font, X., Ninot, J.M., Soriano, I. 
& Vigo, J. (1995).  Vegetation of the pre-Pyrenean 
ranges between the rivers Segre and Llobregat 
(southeastern Pyrenees).  I. Forest communities 
(woods and hedges).  Ecologia Mediterranea 21, 21-73.  

Carter, E.S. (1983).  Management of hedgerow and scrub.  
In J.M. Way (Ed.), Management of Natural and Semi-
natural Vegetation (pp. 177-187).  Croydon. BCPC 
Monograph No.26.   British Crop Protection Council. 

Catherine Bickmore Associates (1999).  Establishment 
techniques for Hedges.  Report to the Ministry of 
Agriculture Fisheries and Food (Project No. 
BD1002/7). 

Catherine Bickmore Associates (1999).  Survey, 
Classification and Conservation Review of Welsh Hedgerows 
(Phase I).  Bangor: Countryside Council for Wales. 

Catherine Bickmore Associates (2001).  Hedgerow Survey 
Method: development and resource assessment.  Bangor: 
Countryside Council for Wales. 

Caufield, S. (1978).  Neolithic Fields: the Irish Evidence.  
Early land allotment in the British Isles.  British 
Archaeological Reports 48, 137-144.  

CEAS Consultants (Wye) Ltd. (1988).  A review of the 
opportunities presented by extended field margins for 
conservation recreation and agriculture.  Ashford, 
Kent: Wye College.  

Centre for Rural Studies. (1988).  Cereal extensification in 
lowland England - An assessment of the benefits for wildlife.  
Cirencester: Royal Agricultural College.  

Chamberlain, D.E., Hatchwell, B.J. & Perrins, C.M. 
(1995).  Spaced out nests and predators: An 
experiment to test the effects of habitat structure.  
Journal of Avian Biology 26, 346-349.  

Chamberlain, D.E., Wilson, J.D. & Fuller, R.J. (1999).  A 
comparison of bird populations on organic and 
conventional farm systems in southern Britain.  
Biological Conservation 88, 307-320.  

Chamberlain, D.E., Vickery, J.A. & Marshall, E.J.P. (2001).  
The effect of hedgerow characteristics, adjacent habitat and 
landscape on the winter hedgerow bird community.  Report to 
the Ministry of Agriculture, Fisheries and Food.  
(Project No. BD2106).  

Chancellor, R.J. (1985).  Changes in the weed flora of an 
arable field cultivated for 20 years.  Journal of Applied 
Ecology 22, 491-501.  

Chancellor, R.J. & Froud-Williams, R.J. (1984).  A second 
survey of weeds of cereals in central southern 
England.  Weed Research 24, 29-36.  

Chancellor, R.J., Fryer, J.D. & Cussans, G.W. (1984).  
The effects of agricultural practices on weeds in 
arable land.  In D. Jenkins (Ed.), Agriculture and the 
Environment (pp. 89-94).  Cambridge: Institute of 
Terrestrial Ecology.  

Chandler, A.E.F. (1968).  Some factors influencing the 
site and occurrence of oviposition by aphidophagous 
Syrphidae (Diptera).  Annals of Applied Biology 61, 435-
446.  

Chanin, P. & Woods, M. (2003).  Surveying Dormice using 
Nest Tubes.  Results and Experiences from the South West 
Dormouse Project.  English Nature Research Report 
No. 524. 

Chapman, J., & Sheail, J. (1994).  Field Margins - an 
historical perspective.  In N. Boatman (Ed.), Field 
Margins: Integrating Agriculture and Conservation. BCPC 
Monograph No.58, 3-12.  Farnham: British Crop 
Protection Council..  

Chapman, N., Harris, S. & Stanford, A. (1994).  Reeves’ 
Muntjac (Munticas reevesi) in Britain: their history, 
spread, habitat selection, and the role of human 
intervention in accelerating their dispersal.   Mammal 
Review 24, 113-160.  

Chapman, W.M.M. (1939).  The bird population of an 
Oxfordshire farm.  Journal of Animal Ecology 8, 286-
299.  

Charrier, S. (1994). Deplacements d’Abax ater 
(Coleoptera carabidae) dans un Paysage Agricole 
Dynamique, Consequences sur le Fonctionnement 
d’une Metapopulation.  Diploome d’ingenieur 
agricole.  ENESAD, Dijon, France, 1994.  



BIBLIOGRAPHY 

HEDGEROW MANAGEMENT & WILDLIFE 78

Charrier, S., Petit, S. & Burel, F. (1997).  Movements of 
Abax parallelepipedus (Coleoptera, Carabidae) in woody 
habitats of a hedgerow network landscape: a radio-
tracing study.  Agriculture, Ecosystems and Environment 
61, 133-144.  

Chen, X. & Baur, B. (1993).  The effect of multiple 
mating on female reproductive success in the 
simultaneously hermaphroditic land snail Arianta 
arbustorum.  Canadian Journal of Zoology 71, 2431-2436.  

Cherrill, A., Mercer, C. McClean, C. & Tudor, G. (2001).  
Assessing the floristic diversity of hedge networks: a 
landscape perspective.  Landscape Research 26, 55–64. 

Chessman, D.J., Horak, M.J. & Nechols, J.R. (1997).  
Host plant preference, consumption, growth, 
development, and survival of Tyta luctuosa 
(Lepidoptera: Noctuidae) oil biotypes of field 
bindweed and hedge bindweed.  Environmental 
Entomology 26, 966-972.  

Churchfield, S. (1982).  Food availability and the diet of 
the Common shrew, Sorex araneus, in Britain.  Journal 
of Animal Biology 51, 15-28.  

Churchfield, S. (1991a).  The Common Shrew.  In G.B. 
Corbett & S. Harris (Eds.), Handbook of British 
Mammals (pp. 51-58).  Oxford: Blackwell Scientific 
Publications.  

Churchfield, S. (1991b).  The Water Shrew. In G.B. 
Corbett & S. Harris (Eds.), Handbook of British 
Mammals (pp. 64-68).  Oxford: Blackwell Scientific 
Publications.  

Cilgi, T. & Jepson, P.C. (1995).  The risks posed by 
deltamethrin drift to hedgerow butterflies.  
Environmental Pollution, 87, 378.  

Clapham, A.R., Tutin, T.G. & Warburg, E.F. (1981).  
Excursion Flora of the British Isles.  Cambridge: 
Cambridge University Press.  

Clarke, J. & Clarke, P.M. (1987).  A case study of conservation 
management techniques on the Kemerton Estate 1983-1987.  
The Environmental Research Fund.  

Clausen, H., Holbeck, H.B. & Reddersen, J. (1998).  
Butterflies on organic farmland: Association to 
uncropped small biotopes and their nectar sources 
(Lepidoptera: Papilionoidea and Hesperioidea).  
Entomologiske Meddelelser 66, 33-44.  

Clavreul, D. (1984).  Contribution à l’étude des interrelations 
paysage/peuplements faunistiques en region de grande culture. 
Thèse de Doctorate de 3 ième cycle: Université de 
Rennes 1. 

Clay, D.V. & Dixon, F.L. (1996).  Investigations of 
control methods for Clematis vitalba (Old Man’s 
Beard).  Aspects of Applied Biology 44; Vegetation 
Management in Forestry, Amenity and Conservation Areas: 
Managing for Multiple Objectives, 313-318. 

Clements, D.K. & Alexander, K.N.A. (2004).  The 
Shapwick Project: a comparative study of the invertebrate 
faunas of hedgerows of different ages.  Report for English 
Heritage. 

Clements, D.K. & Tofts, R.J. (1992a).  Hedgerow 
Evaluation and Grading Systems (HEGS).  A methodology 
for the ecological survey, evaluation and grading of hedgerows.  
Cirencester: Countryside Planning and Management.  
Test draft September, 1992.  

Clements, D.K. & Tofts, R.J. (1992b).  Hedges make the 
grade.  A look at the wildlife value of hedges. British 
Wildlife Vol. 4(2), 87-95.  Rotherwick, Hampshire: 
British Wildlife Publishing.  

Clements, R.O., Asteraki, E.J. & Jackson, C.A. (1988).  A 
method to study the effects of chlorpyrifos on 
predatory ground beetles in grassland.   In 
Environmental Effects of Pesticides.  BCPC Monograph 
No.40, 167-174.  Farnham: British Crop Protection 
Council.   

Clergeau, P. & Burel, F. (1997).  The role of spatio-
temporal patch connectivity at the landscape level: 
An example of a bird distribution.  Landscape and 
Urban Planning 38, 37-43.  

Cobham, R.O. (1983).  The economics of vegetation 
management.  In J.M. Way (Ed.), Management of natural 
and semi-natural vegetation.   BCPC Monograph No. 26 
Farnham: British Crop Protection Council. ().  

Coles, B. & Coles, J. (1986).  Sweet Track to Glastonbury: the 
Somerset levels in prehistory.  New aspects of antiquity.  
New York: Thames and Hudson.  200 pp. 

Coles, J.M., Hibbert, F.A. & Orme, B.J. (1973).  
Prehistoric roads and tracks in Somerset: 3 The Sweet 
Track.  Proceedings of the Prehistorical Society 39, 256-293.  

Coles, J.M. & Orme, B.J. (1976).  A neolithic hurdle from 
the Somerset levels.  Antiquity 50, 57-61.  

Collective. (1985).  Think Trees Grow Trees.  Canberra: 
Australian Government.  

Collins, E.J.T. (1985).  Agriculture and conservation in 
England, an historical overview, 1880-1939.  Journal of 
the Royal Agricultural Society of England 146, 38-46.  

Collins, K.L., Wilcox, A., Chaney, K. & Boatman, N.D. 
(1996).  Relationships between polyphagous predator 
density and overwintering habitat within arable field 
margins and beetle banks.  Brighton Crop Protection 
Conference: Pests and Diseases, Vols. 1-3.  Proceedings 
International Conference, Brighton, UK, November 
18-21, 1996.  Farnham: British Crop Protection 
Council. 

Condon, F.A. & Jarvis, P.J. (1989).  Trees and shrubs in 
the hedgerow of Knock, Co. Mayo, Western Ireland.  
Irish Naturalists’ Journal 23, 12-16.  



BIBLIOGRAPHY 

HEDGEROW MANAGEMENT & WILDLIFE 79

Cook, S.K. & Ingle, S. (1997).  The effect of boundary 
features at the field margins on yields of winter 
wheat.  Aspects of Applied Biology 50, 459-466.  

Cooke, A. (1984).  The Warty newt (Triturus cristatus) in 
Huntingdonshire.  Hunts Flora and Fauna Annual 
Report 36, 41-48.  

Cooke, A. (1985).  The Warty newt (Triturus cristatus) at 
Shillow Hill.  Numbers and density.  Hunts Flora and 
Fauna Annual Report 37, 22-25.  

Cooke, A. (1986).  The Warty newt (Triturus cristatus) at 
Shillow Hill: ranging on arable land.  Hunts Flora and 
Fauna Annual Report 38, 40-44.  

Coombes, D.S. & Sotherton, N.W. (1986).  The dispersal 
and distribution of polyphagous predatory Coleoptera 
in cereals.  Annals of Applied Biology 108, 461-474.  

Cooper, A. (1986).  The Northern Ireland Land Classification.  
Report to the Countryside and Wildlife Branch, 
Department of the Environment, Northern Ireland.  
University of Ulster.  

Cooper, A., Murray, R. & McCann, T. (1991).  Land use 
and ecological change in area of outstanding natural 
beauty.  In D.W. Jeffrey & B. Madden (Eds.), 
Bioindicators and Environmental Management.  BCPC 
Monograph No.26 (pp. 207-224).  London: Academic 
Press.   

Coppock, J.T. (1958).  Changes in farm and field 
boundary in the 19th Century.  Amateur Historian 3, 
292-298.  

Corbet, G.B. & Harris, S. (1991).  The Handbook of British 
Mammals.  London: Blackwell Scientific Publications.  

Cordi, B., Fossi, C. & Depledge, M. (1997).  Temporal 
biomarker responses in wild passerine birds exposed 
to pesticide spray drift.  Environmental Toxicology and 
Chemistry 16, 2118-2124.  

Cormie V. (1998).  The effects of vegetation management on the 
fauna of a hedge-bottom.  Unpublished BSc Thesis. 
University of the West of England, Bristol. 

Countryside Commission (1974).  New Agricultural 
Landscapes.  Cheltenham: Countryside Commission.  

Countryside Commission (1984).  Agricultural Landscapes: 
A Second Look.  Cheltenham: Countryside 
Commission.  

Countryside Commission (1987).  New Opportunities for the 
Countryside.  Cheltenham: Countryside Commission.  

Countryside Commission (1992).  Handbook for the 
Hedgerow Incentive Scheme.  Cheltenham: Countryside 
Commission.  CCP 393.  

Countryside Commission (Undated).  Hedge Management.  
Leaflet.  Cheltenham: Countryside Commission.  

Countryside Council for Wales (1997).  Action for Wildlife.  
Biodiversity Action Plans - the Challenge in Wales.  Bangor: 
Countryside Council for Wales. 

Courage, C.L. (1998).  A process for identifying characteristic 
hedgerow types in the north east of England; A pilot study. 
Unpublished. University of London.  46pp. 

Cowgill, S. (1989).  The role of non-crop habitats on 
hoverfly (Diptera: Syrphidae) foraging on arable land.  
Brighton Crop Protection Conference: Weeds Vols. 1-3.  
Proceedings International Conference, Brighton, UK, 
November, 1989.  Vol. 3, 1103-1108.  Farnham: 
British Crop Protection Council. 

Cracknell, G.S. (1986).  The effects on songbirds of leaving cereal 
crop headlands unsprayed.  Report to the Game 
Conservancy. Tring: British Trust for Ornithology. 

Crick, H.Q.P., Dudley, C., Evans, A.D. & Smith, K.W. 
(1994).  Causes of nest failure among buntings in the 
UK.  Bird Study, 41(2), 88-94.  

Croxton, P.J., Carvell, C., Mountford, J.O. & Sparks, 
T.H. (2002).  A comparison of green lanes and field 
margins as bumblebee habitat in an arable landscape.  
Biological Conservation 107, 365-374. 

Croxton, P.J. & Sparks, T.H. (2002).  A farm-scale 
evaluation of the influence of hedgerow cutting 
frequency on hawthorn (Crataegus monogyna) berry 
yields.  Agriculture, Ecosystems and Environment 93, 437-
439. 

Croxton, P.J. & Sparks, T.H. (in press).  The variation in 
timing of berry depletion rates of three common 
hedgerow shrubs.  Agriculture, Ecosystems and 
Environment. 

Cummins, R., French, D., Bunce, R.G.H., Howard, D.C. 
& Barr, C.J. (1992).  Diversity in British Hedgerows. 
Institute of Terrestrial Ecology Report for the 
Department of the Environment, September 1992.  
London: Department of the Environment. 

Cummins, R.P. & French, D.D. (1994).  Floristic 
diversity, management and associated land use in 
British hedgerows.  In T.A. Watt & G.P. Buckley 
(Eds.), Hedgerow Management and Nature Conservation 
(pp. 95-106). Ashford, Kent: Wye College Press.  

Cussans, J.W., Miller, A.C.E., Morton, A.J. & Cussans, 
G.W. (1992).  Arrhenatherum elatius - a potential 
problem under set-aside?  In J. Clarke (Ed.), Set-aside. 
BCPC Monograph No.50, 147-150.  Farnham: British 
Crop Protection Council. ().  

Cuthbertson, P. & Jepson, P. (1988).  Reducing pesticide 
drift into the hedgerow by the inclusion of an 
unsprayed field margin.  Brighton Crop Protection 
Conference: Pests and Diseases.  Proceedings International 
Conference, Brighton, UK, November 1988.  Vol. 2, 
747-751.  Farnham: British Crop Protection Council. 



BIBLIOGRAPHY 

HEDGEROW MANAGEMENT & WILDLIFE 80

Daniels, R.J.R. (1994).  A landscape approach to 
conservation of birds.  Journal of Biosciences (Bangalore) 
19, 503-509.  

David, S. (1995).  What do farmers think? Farmers 
evaluations of hedgerow intercropping under semi-
arid conditions.  Agroforestry Systems 32, 15-28.  

Davies, R.J. (1987).  Advances in practical arboriculture.  
Forestry Commission Bulletin, 65.  

Davis, B.N.K., Brown, M.J., Frost, A.J., Yates, T.J. & 
Plant, R.A. (1994).  The effects of hedges on spray 
deposition and on the biological impact of pesticide 
spray drift.  Ecotoxicology and Environmental Safety 27, 
281-293.  

Davis, B.N.K., Lakhani, K.H., Yates, T.J., Frost, A.J. & 
Plant, R.A. (1993).  Insecticide drift from ground-
based hydraulic spraying of peas and Brussels sprouts 
bioassays for determining buffer zones.  Agriculture, 
Ecosystems and Environment 43, 93-108.  

Davis, B.N.K., Yates, T.J. & Lakhani, K.H. (1991).  Spray 
drift impacts on non-target organisms., 1989-1990 
Annual Report of the Institute of Terrestrial Ecology (pp. 40-
43).  Peterborough: English Nature.  

Dawson, D. (1994).  Are habitat corridors conduits for 
animals and plants in a fragmented landscape?  A 
review of the scientific evidence.  English Nature 
Research Report No.94.  Peterborough: English 
Nature.  

Day, M.G. (1968).  Food habits of British stoats (Mustela 
erminea) and weasels (Mustela nivalis).  Journal of Zoology 
155, 485-497.  

De Bruijn, O. (1994).  Population ecology and 
conservation of the Barn Owl Tyto alba in farmland 
habitats in Liemers and Achterhoek (The 
Netherlands).  Ardea 82, 1-109.  

Deane, R.J.L. (1989).  Expanded Field Margins. Their cost to 
the farmer and benefits to wildlife.  Report to the Nature 
Conservancy Council, Kemerton Court  Gloucester.: 
Nature Conservancy Council.   

Defra. (2003).  The Countryside Stewardship Scheme 
2004.  PB8723.  London: Department for 
Environment Food and Rural Affairs. 

Delany, M.J. (1961).  The ecological distribution of small 
mammals in North West Scotland.  Proceedings of the 
Zoological Society, London 137, 107-126.  

de la Pena N.M.A., Butet A., Delettre Y., Morant P. & 
Burel F. (2003).  Landscape context and carabid 
beetles (Coleoptera: Carabidae) communities of 
hedgerows in western France.  Agriculture, Ecosystems 
and Environment 94, 59-72.  

Delelis-Dusollier, A., Botineau, M., Wattez-Franger, A. & 
Ghestem, A. (1993).  Low Berry, (Indre, France) and 
Marche (Creuse, France) hedges in phytosociological 
hierarchic system.  Acta Botanica Gallica 140, 507-517.  

Den Boer, P.J. (1970).  On the significance of dispersal 
power for populations of carabid beetles (Coleoptera, 
Carabidae).  Oecologia 4, 1.  

Den Boer, P.J. (1981).  On the survival of populations in 
a heterogeneous and variable environment.  Oecologia 
(Berl.) 50, 39-53.  

Den Boer, P.J. (1990).  The survival value of dispersal in 
terrestrial arthropods.  Biological Conservation 54, 175.  

Dennis, P., & Fry, G.L.A. (1992).  Field margins: Can 
they enhance natural enemy population densities and 
general arthropod diversity on farmland?  Agriculture, 
Ecosystems and Environment 40, 95-115.  

Dennis, P., Fry, G. & Anderson, A. (2000).  The impact 
of field boundary habitats on the diversity and 
abundance of natural enemies in cereals.  In B. 
Ekbom, M. Irwin & Y. Robert (Eds.), Interchanges of 
Insects Between Agricultural and Surrounding Landscapes 
(pp. 195-214).  Kluwer Academic Publishers, 
Netherlands.  

Dennis, P., Thomas, M.B. & Sotherton, N.W. (1994).  
Structural features of field boundaries which 
influence the overwintering densities of beneficial 
arthropod predators.  Journal of Applied Ecology, 31, 
361-370. 

Dennis, P., Usher, G.B. & Watt, A.D. (1995).  Lowland 
woodland structure and pattern and the distribution 
of arboreal, phytophagous arthropods.  Biodiversity and 
Conservation 4, 728-744.  

Denton, J.S. & Beebee, T.J.C. (1994).  The basis of niche 
separation during terrestrial life between two species 
of toad (Bufo bufo and Bufo calamita): competition or 
specialisation.  Oecologia 97, 390-398.  

Department of Agriculture for Northern Ireland (1987).  
Hedges on the Farm.  Belfast: HMSO.  

Department of Agriculture for Northern Ireland (1992).  
Field Boundaries.  1. Field boundaries in the landscape.  2. A 
hedgerow code of practice. 3. Hedge planting and aftercare.  4. 
Managing gappy and overgrown hedges.  Belfast: HMSO.  

Department of Agriculture for Northern Ireland (1993).  
Statistical Review of Northern Ireland Agriculture 1992.  
Economics and Statistics Division DANI.  Belfast: 
HMSO.  

Department of the Environment (1989).  Digest of 
Environmental Protection and Water Statistics No.12. 

Department of the Environment (1990a).  Archaeology and 
Planning.   Planning Policy Guidance 16.  

Department of the Environment (1990b).  This common 
inheritance - Britain’s environmental strategy.  
Environment White Paper.  London: HSMO.  

Department of the Environment (1992a).  The Countryside 
and the Rural Economy.   Planning Policy Guidance 7.   



BIBLIOGRAPHY 

HEDGEROW MANAGEMENT & WILDLIFE 81

Department of the Environment (1992b).  Development 
Plans and Regional Planning Guidance.   Planning Policy 
Guidance 12.   

Department of the Environment (1997).  The Hedgerows 
Regulations 1997.  Statutory Instruments 1997, No. 
1160, Countryside.  HMSO. London. 

Derkx, M.P.M., Smidt, W.J., Vanderplas, L.H.W. & 
Karssen, C.M. (1993).  Changes in dormancy of 
Sisymbrium officinale seeds do not depend on changes 
in respiratory activity.  Physiologia Plantarum 89, 707-
718.  

Desender, K. (1982).  Ecological and faunal studies on 
Coleoptera in agricultural land.  II. Hibernation of 
Carabidae in agro-ecosystems.  Pedobiologia 23, 295-
303.  

de Snoo, G.R. (1997).  Arable flora in sprayed and 
unsprayed crop edges.  Agriculture, Ecosystems and 
Environment 66, 223-30. 

de Snoo, G.R. (1999).  Unsprayed field margins: effects 
on environment, biodiversity and agricultural 
practice.  Landscape And Urban Planning 46, 151-160. 

DETR (1999).  Research into Proposed Criteria Defining 
‘Important’ Hedgerows.   ADAS contract report for the 
Department of the Environment, Transport and the 
Regions.  November 1999.  London: DETR. 

Deveaux, D. (1976).  Repartition et diversite des 
peuplements en carabiques en zone bocagere et 
arasee.  In INRA, CNRS, ENSA et Université de 
Rennes, Les Bocages: Histoire, Ecologie, Economie (p. 377 
pp). 

Devillez, F., Duran, V. & Renson, Y. (1995).  Estimation 
of ecological value of the vegetation of forests and 
hedges: application to environment impact studies.  
Belgian Journal of Botany 128, 95-105.  

di Castri, F. & Younes, T. (1990).  Fonction de la 
diversite biologique au sein de l’ecosysteme.  Acta 
Oecologica 11, 429-444.  

Dickson, R.W. (1804).  Dickson’s Agriculture.  Vol.1.  
London: Richard Philips.  

Diquelou, S. & Roze, F. (1997).  Impact of agriculture 
intensification and abandonment on landscape 
dynamics (Brittany, France).  Ecologia Mediterranea 23, 
91-106.  

Donald, P.F. & Forrest, C. (1995).  The effects of 
agricultural change on population size of corn 
buntings Miliaria Calandra on individual farms.  Bird 
Study 42, 205-215.  

Donald, P.F., Wilson, J.D. & Shepherd, M. (1994).  The 
decline of the corn bunting.  British Birds 87, 106-132.  

Donaldson, G., Arnold, G.M. & Perry, M. (1988).  
Assessment of amenity grass mixtures for use in low-
maintenance situations.  Technical Report Long Ashton 
Research Station, Vol. 103. Bristol.  

Doncaster, C.P., Rondinini, C. & Johnson, P.C.D. (2001).  
Field test for environmental correlates of dispersal in 
hedgehogs Erinaceus europaeus.  Journal of Animal Ecology 
70, 33-46. 

Doubleday, O.P., McLaughlin B. & Clark A. (1994).  
Hedges - A farmer’s view.  In N. Boatman (Ed.), Field 
Margins: Integrating Agriculture and Conservation. BCPC 
Monograph No. 58.  Farnham: British Crop Protection 
Council.  

Dover, J. (1987).  The benefits of conservation headlands 
to butterflies on farmland.  Game Conservancy Annual 
Review 1986, 105-108.  

Dover, J.W. (1990).  The use of flowers and butterflies 
foraging in cereal field margins.  Entomologist’s Gazette 
40, 283-291.  

Dover, J.W. (1991).  The conservation of insects on 
arable farmland.  In N.M. Collins & J.A. Thomas 
(Eds.), The Conservation of Insects and their Habitats (p. 
293).  London: Academic Press.  

Dover, J.W. (1994).  The factors affecting butterfly 
distribution on arable farmland.  In T.A. Watt & G.P. 
Buckley (Eds.), Hedgerow Management and Nature 
Conservation (p. 160). Ashford, Kent: Wye College 
Press. (Abstract)  

Dover, J.W. (1996).  Factors affecting the distribution of 
satyrid butterflies on arable farmland.  Journal of 
Applied Ecology 33, 723-734. 

Dover, J.W. (1997).  Conservation headlands: Effects on 
butterfly distribution and behaviour.  Agriculture, 
Ecosystems and Environment 53, 31-49.  

Dover, J.W. (1999).  Butterflies and field margins.  Aspects 
of Applied Biology 54, 117-124. 

Dover, J.W. & Fry, G.L.A. (2001).  Experimental 
simulation of some visual and physical components 
of a hedge and the effects on butterfly behaviour in 
an agricultural landscape.  Entomologia experimentalis et 
applicata 100, 221-233.  

Dover, J.W., Sotherton, N.W. & Gobbet, K. (1990). 
Reduced pesticide inputs on cereal farm margins: the 
effects on butterfly abundance.  Ecological Entomology 
15, 17-24.  

Dover J. & Sparks T. (2000).  A review of the ecology of 
butterflies in British hedgerows.  Journal of 
Environmental Management 60, 51-63. 

Dover J.W. & Sparks T.H. (2001).  Green lanes: 
biodiversity reservoirs in farmland?  In C. Barr & S. 
Petit (Eds.)  Hedgerows of the World: their ecological 
functions in different landscapes (pp. 241-250).  
IALE(UK). 



BIBLIOGRAPHY 

HEDGEROW MANAGEMENT & WILDLIFE 82

Dover J.W., Sparks T., Clarke S., Gobbett K. & Glossop 
S. (2000).  Linear features and butterflies: The 
importance of green lanes.  Agriculture, Ecosystems and 
Environment 80, 227-242. 

Dover, J.W., Sparks, T.H. & Greatorex-Davies, J.N. 
(1997).  The importance of shelter for butterflies in 
open landscapes.  Journal of Insect Conservation 1, 89-97.  

Dowdeswell, W.H. (1987).  Hedgerows and Verges.  
London: Allen and Unwin.   190 pp. 

Drach, A. & Cancela da Fonseca, J.P. (1990).  Approche 
expérimentale des déplacements de Carabiques 
forestiers.  Revue d’Ecologie et de Biologie du Sol 27, 61-
71.  

Dubs, F. & Burel, F. (1997).  Spatial distribution of 
breeding birds in hedgerow network landscape.  
Research for explanatory variables.  Ecologia 
Mediterranea 23, 47-43.  

Duckworth, J.W. (1994).  Habitat selection by migrant 
redstarts Phoenicurus phoenicurus and whinchats Saxicola 
rubetra in lowland English farmland.  Ringing and 
Migration 15, 119-122.  

Duelge, R. (1992).  The Carabid Fauna (Coleoptera 
Carabidae) of Selected Geest Woodlands North of 
Bremen.  Abh Natwiss Ver Brem 42, 95-111.  

Duelge, R. (1994).  Seasonal activity of carabid beetles in 
wooded habitats in northwest Germany  (Coleoptera, 
Carabidae).  In K. Desender et al. (Eds.), Series 
Entomologica (Dordrecht), Vol. 51,  Carabid beetles: Ecology 
and evolution.  Proceedings 8th European 
Carabidologists’ Meeting, Louvain, Belgium, 
September, 1992 (pp.125-131).  Kluwer Academic 
Publishers: Dordrecht, Netherlands; Norwell, 
Massachusetts, USA.  

Duelli, P. (1990).  Population movements of arthropods 
between natural and cultivated areas.  Biological 
Conservation 54, 193-207.  

Dueser, R.D. & Porter, J.H. (1986).  Habitat use by 
insular small mammals: relative effects of competition 
and habitat structure.  Ecology 67, 195-201.  

Duffey, E., Morris, M.G., Sheail, J., Ward, L.K., Wells, 
D.A. & Wells, T.C.E. (1974).  Grassland ecology and 
wildlife management.  London: Chapman and Hall.  

Duffey, E. & Watt, A.S. (1971).  The Scientific Management 
of Animal and Plant Communities for Nature Conservation.  
Oxford: Blackwell Scientific Publications.  

Dunball, A.P. (1983).  Management of herbaceous 
vegetation on the sides of roads and motorways.  In 
J.M. Way (Ed.), Management of Vegetation.  BCPC 
Monograph No.26.  Farnham: British Crop 
Protection Council.  

Dunkley, F.A. & Boatman, N.D. (1994).  Preliminary 
findings from a study of sown and unsown 
management options for the restoration of perennial 
hedge bottom vegetation.  In N. Boatman (Ed.), Field 
Margins: Integrating Agriculture and Conservation.  BCPC 
Monograph No. 58, 329-334.  Farnham: British Crop 
Protection Council.  

Dunleavy, P.J., Brierley, R., Brown, A.L. & Woods, R.D. 
(1995).  New hedgerow establishment: implications 
for weed and pest control.  Brighton Crop Protection 
Conference: Weeds Vols. 1-3.  Proceedings International 
Conference, Brighton, UK, November 20-23, 1995.  
Farnham: British Crop Protection Council.  

Dunn, G.H. & Dabney, S.M. (1996).  Modulus of 
elasticity and moment of inertia of grass hedge.  
Transactions of the ASEA 39, 947-952.  

Duran, V. & Devillez, F. (1995).  Impact study of 
motorway and railway plans: Methodological 
approach on forest vegetation and hedges.  Belgian 
Journal of Botany 128, 106.  

Dwyer, J. (1994).  An overview of UK policy and grant 
schemes.  In N. Boatman (Ed.), Field Margins: 
Integrating Agriculture and Conservation.  BCPC Monograph 
No. 58, 359-365.  Farnham: British Crop Protection 
Council.  

Eden, S. & Eden, R. (1999).  Dormice in Dorset – the 
importance of hedges and scrub.  British Wildlife 10. 
185-189. 

Edmond, J.B., Senn, T.L., Andrews, F.L. & Halfacre, 
R.G. (1975).  Fundamentals of Horticulture (4th edition). 
New York: McGraw-Hill Book Co.  

Edwards, P.J. (1977).  Re-invasion of farmland bird 
species following capture and removal.  Polish 
Ecological Studies 3, 53-70.  

Eggers, T. (1987).  Environmental impact of chemical 
weed control in arable fields in the Federal Republic 
of Germany.  British Crop Protection Council Symposium 
1987.  

Ehanno, B. (1988).  Les Heteropteres Mirides de France 
(Heteroptera miridae): Distribution Biogeographique 
et Contribution a l’Etude de leurs Rapports avec les 
Plantes et les Milieux Naturels.  PhD dissertation, 
Universite de Rennes 1, France.  

Eldridge, J. (1971).  Some observations on the dispersal 
of small mammals in hedgerows.  Journal of Zoology 
165, 530-534.  

Elton, C.S. (1966).  The Pattern of Animal Communities. 
London: Methuen.  

Elton, D. (1994).  Hedgerow studies at Kingcombe 
Meadows Nature Reserve, Dorset.  In T.A. Watt & 
G.P. Buckley (Eds.), Hedgerow Management and Nature 
Conservation (pp. 156-157). Ashford, Kent: Wye 
College Press. (Abstract). 



BIBLIOGRAPHY 

HEDGEROW MANAGEMENT & WILDLIFE 83

English Heritage (1991a).  Farming Historic Landscapes and 
People.  London: English Heritage.  

English Heritage (1991b).  The historic landscape: An 
English Heritage policy statement.  Conservation 
Bulletin 14, 4-5. 

Entwistle, A.C., Racey, P.A. & Speakman, J.R. (1996).  
Habitat exploitation by a gleaning bat, Plecotus auritus. 
Philosophical Transactions of the Royal Society of London B 
Biological Sciences 351, 921-931.  

ERL. (1988).  Investigation of the causes of changes in hedgerow 
length in selected parts of England and Wales between 1980 
and 1985.  Supplementary Report to Countryside 
Commission.  

Eybert, M.C., Constant, P. & Lefeuvre, J.C. (1995).  
Effects of changes in agricultural landscape on a 
breeding population of linnets Acanthis cannabina L. 
living in adjacent heathland.  Biological Conservation, 
B74B, 195-202.  

Fahrig, L. & Merriam, H.G. (1985).  Habitat patch 
connectivity and population survival.  Ecology 66, 
1762-1768.  

Fahrig, L. & Merriam, H.G. (1994).  Conservation of 
fragmented populations.  Conservation Biology 8, 50-59.  

Farina, A. (1993).  Bird Fauna in the Changing 
Agricultural Landscape.  In R.G.H. Bunce, L. 
Ryszkowski & M. G. Paoletti (Eds.), Landscape Ecology 
and Agroecosystems (pp. 159-167).  Proceedings 
International Symposium on Agroecology and 
Conservation Issues in tropical and temperate 
Regions, Padova, Italy, September 1990.  Boca Raton, 
Florida, USA: CRC Press/Lewis Publishers 
Inc;London: CRC Press.  

Farrell & Perring. (1983).  Vascular plants. British Red 
Data Books: 1 (2nd edition).  Lincoln: RSNC 
Nettleham.  

Fasola, M. & Mogavero, F. (1995).  Structure and Habitat 
Use in a Web-Building Spider Community in 
Northern Italy.  Bollettino di Zoologia 62, 159-166.  

Feber, R.E., Smith, H. & Macdonald, D.W. (1994).  The 
effect of field margin restoration on the Meadow 
brown butterfly (Maniola jurtina).  In N. Boatman 
(Ed.), Field Margins: Integrating Agriculture and 
Conservation.  BCPC Monograph No.58, 295-300.  
Farnham: British Crop Protection Council.  

Fenner, L. (1996).  Can woodland plant species use hedgerows as 
corridors?  Lancaster University: Institute of 
Environmental & Biological Sciences.  (30 September 
1996). 

Firbank, L.G., Arnold, H.R., Eversham, B.C., 
Mountford, J.O., Radford, G.L., Telfer, M.G., 
Treweek, J.R., Webb, N.R.C. & Wells, T.C.E. (1993).  
Managing Set-aside Land for Wildlife.  ITE Research 
Publication No.7.  London: HMSO. 

Fisher, N.M., Davies, D.H.K. & Richards, M.C. (1988).  
Weed severity and crop loss in conservation 
headlands in south-east Scotland.  Aspects of Applied 
Ecology 18, 37-46.  

Fitzgibbon, C.D. (1993).  The distribution of grey 
squirrel dreys in farm woodlands: the influence of 
wood area, isolation and management.  Journal of 
Applied Ecology 30, 736-742.  

Fitzgibbon, C.D. (1997).  Small mammals in farm 
woodlands: the effects of habitat, isolation and 
surrounding land use patterns.  Journal of Applied 
Ecology 34, 530-539.  

Fitzherbert, M. (1534).  Book of husbandry.  London: 
English Dialect Society.  1882 reprint by Rev. Walter 
W. Skeat.  

Fleming, A. (1988).  The Dartmoor Reaves.  London: 
Batsford Ltd.  

Flowerdew, J.R. (1985).  The population dynamics of 
Wood mice and Yellow necked Mice.  Symposium of the 
Zoological Society of London 55, 315-338.  

Flowerdew, J.R. (1997).  Mammal biodiversity in 
agricultural habitats.  In R.C. Kirkwood (Ed.), 
Biodiversity and Conservation in Agriculture (pp. 25-40).  
Proceedings International Symposium, Brighton, UK, 
November 17, 1997.  Farnham: British Crop 
Protection Council. 

Flux, J.E.C. & Thompson, C.F. (1995).  Distribution of 
parental effort between nestlings of European 
starlings - runting and a spoilt-brat strategy.  New 
Zealand Journal of Zoology 22, 331-338.  

Foggo, A. & Speight, M.R. (1995).  Factors affecting 
choice of buds by larvae of the ash bud moth Prays 
fraxinella Bjerk: (Lep., Yponomeutidae), and the 
implications for ash dieback.  Journal of Applied 
Entomology 119, 29-34.  

Foggo, A., Speight, M.R. & Gregoire, J.C. (1994).  Root 
disturbance of common ash, Fraxinus excelsior 
(Oleaceae), leads to reduced foliar toughness and 
increased feeding by a folivorous weevil, Stereonychus 
fraxini (Coleoptera, Curculionidae).  Ecological 
Entomology 19, 344-348.  

Forbartha, A.F. (1985).  The state of the environment.  (A 
report prepared for the Minister of the Environment, 
Dublin).  Dublin: An Foras Forbartha. 

Forestry Commission. (1991).  Ash Dieback.  Forestry 
Commission Bulletin 93.  London: HMSO.  

Forman, R.T.T. (1983).  Corridors in a landscape: their 
ecological structure and function.  Ekology CSSR 2, 
375-387.  

Forman, R.T.T. (1995).  Land Mosaics: The Ecology of 
Landscapes and Regions.  Cambridge: Cambridge 
University Press.  



BIBLIOGRAPHY 

HEDGEROW MANAGEMENT & WILDLIFE 84

Forman, R.T.T. & Baudry, J. (1984).  Hedgerow and 
hedgerow networks in landscape ecology.  A 
discussion of published work.  Environmental 
Management 8, 495-510.  

Forman, R.T.T., Galli, A.E. & Leck, C.F. (1976).  Forest 
size and avian diversity in New Jersey woodlots with 
some land use implication.  Oecologia (Berlin) 26, 1-8.  

Forman, R.T.T. & Godron, M. (1981).  Patches and 
structural components for a landscape ecology.  
BioScience 31, 733.  

Forman, R.T.T. & Godron, M. (1985).  Landscape Ecology.  
New York: John Wiley & Sons.  

Forman, R.T.T., & Godron, M. (1986). Landscape Ecology 
New York: John Wiley and Sons.  

Fournier, E. & Loreau, M. (1999).  Effects of newly 
planted hedges on ground-beetle diversity 
(Coleoptera, Carabidae) in an agricultural landscape. 
Ecography 22, 87-97. 

Fournier, E. & Loreau, M. (2001).  Respective roles of 
recent hedges and forest patch remnants in the 
maintenance of ground-beetle (Coleoptera: 
Carabidae) diversity in an agricultural landscape.  
Landscape Ecology 16, 17-32. 

Fowler, P.J. (1983).  The Farming of Prehistoric Britain.  
Cambridge: Cambridge University Press.  

Frampton, G.K., Cilgi, T., Fry, G.L.A. & Wratten, S.D. 
(1995).  Effects of grassy banks on the dispersal of 
some carabid beetles (Coleoptera: Carabidae) on 
farmland.  Biological Conservation 71, 347.  

Franceschini, G., Cannavacciuolo, M. & Burel, F. (1997).  
A geostatistical analysis of the spatial distribution of 
Abax parallelepipedus (Coleoptera, Carabidae) in a 
woodlot.  European Journal of Soil Biology 33, 117-122.  

Frank, C. & Papp, A. (1996).  Gastropoda (Pulmonata: 
Stylommatophora) from the excavation 
Grossweikersdorf C (Lower Austria). Beitraege zur 
Palaeontologie 21, 11-19.  

Freemark, K.E., Boutin, C. & Keddy, C.J. (2002).  
Importance of farmland habitats for conservation of 
plant species.  Conservation Biology 16, 399-412. 

French, D.D. & Cummins R.P. (2001).  Classification, 
composition, richness and diversity of British 
hedgerows.  Applied Vegetation Science 4(2): 213-228. 

Fritz, R. & Merriam, G. (1996).  Fencerow and forest 
edge architecture in eastern Ontario farmland.  
Agriculture, Ecosystems and Environment 59, 159-170.  

Froese, A. (1993).  Integrated plant protection in 
farming: investigations into the dipterous fauna on 
crop areas.  Ber Landwirtsch 71, 39-90.  

Froud-Williams, R.J. (1983).  The influence of straw 
disposal and cultivation regime on the population 
dynamics of Bromus sterilis.  Annals of Applied Biology 
103, 139-148.  

Fry, G.L. & Main, A.R. (1993).  Restoring seemingly 
natural communities on agricultural land.  In D.A. 
Saunders, R.J. Hobbs, & P.R. Ehrlich (Eds.), 
Reconstruction of Fragmented Ecosystems (pp. 225). 
Chipping Norton: Surrey Beatty & Sons.  

Fry, G.L.A. (1994).  The role of field margins in the 
landscape.  In N. Boatman (Ed.), Field Margins: 
Integrating Agriculture and Conservation.  BCPC Monograph 
No. 58, 31-40.  Farnham: British Crop Protection 
Council. 

Fry, G.L.A. & Robson, W.J. (1994).  The effect of field 
margins on butterfly movement.  In N. Boatman 
(Ed.), Field Margins: Integrating Agriculture and 
Conservation.  BCPC Monograph No. 58, 111-116.  
Farnham: British Crop Protection Council.   

Fujisaka, S., Jayson, E. & Dapusala, A. (1994).  Trees, 
grasses, and weeds: Species choices in farmed-
developed contour hedgerows.  Agroforestry Systems 25, 
13-22.  

Fulker, M.J., Jackson, D., Leonard, D.R.P., McKay, K. & 
John, C. (1998).  Dose due to man-made 
radionuclides in terrestrial wild foods near Sellafield.  
Journal of Radiological Protection 18, 3-13.  

Fuller, R.J. (1984).  The distribution and feeding 
behaviour of breeding songbirds on cereal farmland 
at Manydown Farm, Hampshire in 1984.  Report to 
the Game Conservancy.  Tring: British Trust for 
Ornithology.  

Fuller, R.J., Chamberlain, D.E., Burton, N.H.K. & 
Gough, S.J. (2001).  Distributions of birds in lowland 
agricultural landscapes of England and Wales: how 
distinctive are bird communities of hedgerows and 
woodland?  Agriculture, Ecosystems and Environment 84, 
79-92. 

Fuller, R.J., Gough, S.J. & Marchant, J.H. (1995).  Bird 
populations in new lowland woods: landscape, design 
and management perspectives.  In R. Ferris-Khan 
(Ed.), The Ecology of Woodland Creation.  Chichester : 
Wiley.  

Fuller, R.J., Gregory, R.D., Gibbons, D.W., Marchant, 
J.H., Wilson, J.D., Baillie, S.R. & Carter, N. (1995).  
Population declines and range contractions among 
lowland farmland birds in Britain.  Conservation Biology 
9, 1425-1441. 

Fuller, R.J., Trevelyan. R.J. & Hudson, R.W. (1997).  
Landscape composition models for breeding bird 
populations in lowland English farmland over a 20 
year period.  Ecography 20, 295-307.  



BIBLIOGRAPHY 

HEDGEROW MANAGEMENT & WILDLIFE 85

Fussell, M. & Corbet, S.A. (1991).  Forage for bumble 
bees and honey-bees in farmland - a case study. 
Journal of Apiculture Research 30, 87-97. 

Fussell, M. & Corbet, S.A. (1992).  Flower use by bumble 
bees: a basis for forage plant management.  Journal of 
Applied Ecology 29, 451-465.  

FWAG (1983).  A Hedgerow Code of Practice.  Sandy, 
Bedfordshire: Farming and Wildlife Trust. 

Game Conservancy Trust (Undated).  Guidelines for the 
management of field margins (Conservation headlands and field 
boundaries).  (Leaflet).  

Garbutt, R.A. & Sparks, T.H. (1999).  Changes in 
composition of a species-rich ancient hedgerow.  
Aspects of Applied Biology 54, 229-234. 

Garbutt, R.A. & Sparks, T.H. (2002).  Changes in the 
botanical diversity of a species rich ancient hedgerow 
between two surveys (1971-1998).  Biological 
Conservation 106, 273-278. 

Garcia, A.F., Griffiths G.J.K. & Thomas, C.F.G. (2000).  
Density, distribution and dispersal of the carabid 
beetle Nebria brevicollis in two adjacent cereal fields.  
Annals of Applied Biology 137, 89-97. 

Garjetzky, B. (1993).  Breeding success of the Robin 
Erithacus rubecula in hedgerows.  Vogelwelt 114, 232-
240.  

Gassman, H. & Clueck, E. (1993).  Nest site selection 
and breeding success of hedge breeding birds.  
Vogelwelt 114, 136-147.  

Gatter, W. (1996).  Is the ban on controlled burning a 
reason for the decrease in song birds?  Ornithologischer 
Anzeiger 35, 163-171.  

Gibson, C.W.D., Watt, T.A. & Brown, V.K. (1987).  The 
use of sheep grazing to recreate species-rich grassland 
from abandoned arable land.  Biological Conservation 42, 
165-183.  

Gillings, S. & Fuller, R.J. (1998).  Changes in bird 
populations on sample lowland English farms in 
relation to loss of hedgerows and other non-crop 
habitats.  Oecologia 116, 120-127.  

Giot, P.R., L’Helgouach, J. & Monnier, J.L. (1979).  
Préhistoire de la Bretagne. (Ouest France).  

Gloaguen, J.C., Roze, F., Touffet, J., Clement, B. & 
Forgeard, F. (1994).  Study of successions in Brittany 
old fields.  Acta Botanica Gallica 141 (6-7), 691-706.  

Gonseth, Y. (1993).  The Butterflies Lepidoptera 
Rhopalocera of Forest Skirts in the Jura Mountains of 
Neuchatel.  Mitt Schweiz Entomol. Ges. 66, 159-171.  

Graham, D.J. & Hutchings, M.J. (1988a).  Estimation of 
the seed bank of a chalk grassland ley established on 
former arable land.  Journal of Applied Ecology 25, 241-
252.  

Graham, D.J. & Hutchings, M.J. (1988b).  A field 
investigation of germination from the seed bank of a 
chalk grassland ley on former arable land.  Journal of 
Applied Ecology 25, 253-263.  

Graham, T. (1979).  Private woodland inventory of Northern 
Ireland.  Belfast: Northern Ireland Forestry Service.  

Graham-Bryce, I.J., Hollomon, D.W. & Lewis, T. (1980).  
Pest and disease control in cereals: a research 
viewpoint.  Journal of the RASE 141, 131-139.  

Grajetzky, B. (1992).  Diet and breeding behaviour of 
female robins Erithacus rubecula in a hedgerow habitat 
in Schleswig Holstein.  Vogelwelt 113, 282-288.  

Grajetzky, B. (1993).  Feeding ecology of adult robins 
Erithacus rubecula in a hedgerow habitat of Schleswig 
Holstein.  Journal of Ornithology 134, 13-24.  

Grant, J. (1845).  Remortis on the large hedges of 
Devonshire.  Journal of the Royal Agricultural Society of 
England 5, 420-429.  

Gray, J.S., Kahl, O., Janetzki, C., Stein, J. & Guy, E. 
(1995).  The spatial distribution of Borrelia burgdorferi-
infected Ixodes ricinus in the Connemara region of 
County Galway, Ireland.  Experimental and Applied 
Acarology 19, 163-172.  

Greaves, M.P. & Marshall, E.J.P. (1987).  Field margins: 
definitions and statistics.  In J.M. Way & P.W. Greig-
Smith (Eds.), Field Margins.  BCPC Monograph No. 35, 
3-10.  Farnham: British Crop Protection Council.  

Green, R.E. (1979).  The ecology of wood mice 
(Apodemus sylvaticus) on arable farmland.  Journal of 
Zoology, London 188, 357-377.  

Green, R.E. (1984).  The feeding ecology and survival of 
partridge chicks (Alectoris rufa and Perdix perdix) on 
arable farmland in East Anglia.  Journal of Applied 
Ecology 21, 817-830.  

Green, R.E., Osborne, P.E. & Sears, E.J. (1994).  The 
distribution of passerine birds in hedgerows during 
the breeding-season in relation to characteristics of 
the hedgerow and adjacent farmland.  Journal of 
Applied Ecology 31(4), 677-692.  

Green, R.E., Rands, M.R.W. & Moreby, S.J. (1987).  
Species differences in diet and the development of 
seed digestion in partridge chicks Perdix perdix and 
Alectoris rufa.  Ibis 21, 511-514.  

Green, R.E. & Sears, E.J. (1994).  Habitat preferences of 
birds in hedges and field margins.  In T.A. Watt & 
G.P. Buckley (Eds.), Hedgerow Management and Nature 
Conservation (pp. 151-152). Ashford, Kent: Wye 
College Press. (Abstract).  

Gregory, R.D. & Baillie, S.R. (1998).  Large-scale habitat 
use of some declining British birds.  Journal of Applied 
Ecology 35, 785-799. 



BIBLIOGRAPHY 

HEDGEROW MANAGEMENT & WILDLIFE 86

Greig, J.R.A. (1992).  An iron age hedgerow flora form Alcester. 
English Heritage, Ancient Monuments Laboratory 
Report 11/92.  

Greig-Smith, P.W. (1991).  The Boxworth Experience: 
Effects of pesticides on the fauna and flora of cereal 
fields.  In L.G. Firbank, N. Carter, J.F. Darbyshire, & 
G.R. Potts (Eds.), The Ecology of Temperate Cereal Fields 
(pp. 333-371).  Oxford: Blackwell Scientific 
Publications.  

Greig-Smith, P.W., Frampton, G.K. & Hardy, A.R. 
(Eds.) (1992).  The Boxworth Project: Pesticides, Cereal 
Farming and the Environment.  London: HMSO.  288 
pp.  

Grigor, J. (1845).  On fences.  Journal of the Royal 
Agricultural Society of England 6, 194-228.  

Grime, J.P. (1974).  Vegetation classification by reference 
to strategies.  Nature 250, 26-31.  

Grime, J.P., Hodgson, J.G. & Hunt, R. (1988). 
Comparative Plant Ecology: A Functional Approach to 
Common British Species.  London: Unwin Hyman.  

Groppali, R. (1993).  Breeding birds in traditional tree 
rows and hedges in the Central Po Valley Province of 
Cremona Northern Italy.  In R.G.H. Bunce, L. 
Ryszkowski & M.G. Paoletti,(Eds.), Landscape Ecology 
and Agroecosystems (pp.153-158).  Proceedings 
International Symposium on Agroecology and 
Conservation Issues in Tropical and Temperate 
Regions, Padova, Italy, September 1990.  Boca Raton, 
Florida, USA: CRC Press/Lewis Publishers Inc; 
London: CRC Press 

Groppali, R., Priano, M. & Pesarin, I.C. (1996).  
Phenology of spiders (Araneae) in a mixed hedge of 
Central Po valley (northern Italy).  Bollettino dell’Istituto 
di Entomologia “Guido Grandi” della Universita degli Studi 
di Bologna 50, 113-125.  

Grose, D. (1957).  The Flora of Devizes, Wiltshire.  
Archaeological and Natural History Society.  

Grubb, P.J. (1982).  Control of relative abundance in 
roadside Arrhenatherum: results of a long-term garden 
experiment.  Journal of Ecology 70, 845-865.  

Grubb, P.J., Lee, W.G., Kollmann, J. & Wilson, J.B. 
(1996).  Interaction of irradiance and soil nutrient 
supply on growth of seedlings of ten European tall-
shrub species and Fagus sylvatica.  Journal of Ecology, 
84(6), 827-840.  

Gruttke, H. (1994).  Dispersal of carabid species along a 
linear sequence of young hedge populations.  In K. 
Desender et al. (Eds.), Carabid Beetles: Ecology and 
Evolution.  Series Entomologica (Dordrecht) Vol. 51, 299-
303.  Proceedings 8th European Carabidologists’ 
Meeting, Louvain, Belgium, September, 1992.  
Dordrecht, Netherlands & Norwell, Massachusetts, 
USA: Kluwer Academic Publishers. 

Gruttke, H. & Kornacker, P.M. (1995).  The 
development of epigeic fauna in new hedges: a 
comparison of spatial and temporal trends.  Landscape 
and Urban Planning 31(1-3), 217-231.  (Guinodeau. 
personal communications).  

Guntli, D., Pfirter, H.A., Moenne-Loccoz, Y. & Defago, 
G. (1998).  Stagonospora convolvuli LA39 for biocontrol 
of field bindweed infesting cotoneaster in a cemetery.  
Hortscience 33(5), 860-861.  

Gurnell, J. (1985).  Woodland rodent communities. 
Symposium of the Zoological Society of London 55, 377-411.  

Guyot, G. (1983).  Manuel sur l’Utilisation des Brise-Vent 
dans les Zones Arides.  Paris: INRA-FAO.  

Guyot, G. & Verhbrugghe, M. (1976).  Etude de la 
variabilité spatiale du microclimat à l’échelle 
parcellaire en zone bocagère.   In INRA, CNRS, 
ENSA et Université de Rennes, Les Bocages: Histoire 
Ecologie, Economie (pp. 131-136)..  

Gwynne, D.G. & Bromilow, T.H.W. (1994). Factors 
affecting the development of conservation headlands 
in grassland. In T.A. Watt & G.P. Buckley (Eds.), 
Hedgerow Management and Nature Conservation (pp. 160-
161). Ashford, Kent: Wye College Press. (Abstract). 

Haas, C.A. (1995).  Dispersal and use of corridors by 
birds in wooded patches on an agricultural landscape.  
Conservation Biology 9, 845-854. 

Hackett, W.P. (1985).  Juvenility, maturation and 
rejuvenation in woody plants.  Horticultural Review 7.  

Haines-Young, R.H., Barr, C.J., Black, H.I.J., Briggs, D.J., 
Bunce, R.G.H., Clarke, R.T., Cooper, A., Dawson, 
F.H., Firbank, L.G., Fuller, R.M., Furse, M.T., 
Gillespie, M.K., Hill, R., Hornung, M., Howard, D.C., 
McCann, T., Morecroft, M.D., Petit, S., Sier, A.R.J., 
Smart, S.M., Smith, G.M., Stott, A.P., Stuart R.C. & 
Watkins J.W. (2000).  Accounting for Nature: Assessing 
Habitats in the UK Countryside.  London: Department 
for Environment, Transport and the Regions. 

Hald, A.B., Pontoppdan, H., Reddersen, J. & Elbek-
Pederson, H. (1994).  Unsprayed field margins in 
rotation field.  Flora, arthropod fauna and yields 
1987-1992. Copenhagen: Bekaemplelsesmiddel-
forskning fra Milj_styrelsen nr.6, 1994. 

Hall, J. (1978).  Management of hedges and hedgerows. 
Big Farm Management 2, 29-32.  

Hall, V.A. (1994).  Landscape development in northeast 
Ireland over the last half millennium.  Review of 
Palaeobotany and Palynology 82, 75-82.  

Hannon, S.J. (1993).  Nest predation in aspen woodlots 
and hedgerows in Alberta: negative edge effects and 
ecological traps.  Proceedings 1993 Annual Meeting 
of the Ecological Society of America: Ecology and 
Global Sustainability; Madison, Wisconsin, USA, July 
31-August 4, 1993.  Bulletin of the Ecological Society of 
America 74(2 (Suppl.)), 265.  



BIBLIOGRAPHY 

HEDGEROW MANAGEMENT & WILDLIFE 87

Hansen, H. (1996).  About the arachnid-fauna of urban 
biotopes in Venice: IV.  Ground spiders of S. Giorgio 
Maggiore isle (Arachnida: Araneae).  Bollettino del 
Museo Civico di Storia Naturale di Venezia 46, 123-145.  

Hanski, J. (1989).  Metapopulation dynamics: does it help 
to have more of the same?  Trends in Ecology and 
Environment 4, 113-114.  

Hansson, L. (1985).  The food of Bank voles, Wood mice 
and Yellow necked mice.  Symposium of the Zoological 
Society of London 55, 141-168.  

Hansson, L. (1987).  Dispersal routes of small mammals 
at an abandoned field in central Sweden.  Holart. Ecol., 
10, 154.  

Hansson, L.E. (1992).  Ecological Principles of Nature 
Conservation.  Amsterdam: Elsevier.  

Harris, S. (1979).  History, distribution, status and habitat 
requirements of the Harvest mouse (Micromys minutus) 
in Britain.  Mammal Review 9, 159-171.  

Harris, S. (1986).  Urban Foxes.  London: Whittet Books.  

Harris, S., & Trout, R.C. (1991).  The Harvest mouse.  In 
G.B. Corbett & S. Harris (Eds.), Handbook of British 
Mammals.  Oxford: Blackwell Scientific Publications.  

Harris, S. & Woollard, T. (1990).  The dispersal of 
mammals in agricultural habitats in Britain.   In Species 
Dispersal in Agricultural Habitats.  London: Belhaven 
Press.  

Hartke, W. (1951).  Die Heckenlandscaft Der 
geographische Charakter eines Laneskulturproblems.  
Erdkunde 5, 132-152.  

Hashem, A.A.S.W. (1998).  Allelopathic effects of 
Triticum speltoides on two important weeds and wheat.  
Plant Protection Quarterly 13(1), 33-35.  

Hastings, A. & Harrison, S. (1994).  Metapopulation 
dynamics and genetics.  Ann. Rev. Ecol. System 25, 167.  

Haughton, A.J., Bell, J.R., Gates, S., Johnson, P.J., 
Macdonald, D.W., Tattershall, F.H. & Hart, B.H. 
(1999).  Methods of increasing invertebrate 
abundance within field margins.  Aspects of Applied 
Biology 54, 163-170. 

Hawthorne, A.J., Hassall, M. & Sotherton, N.W. (1997).  
Effects of cereal headland treatments on the 
abundance and movements of three species of 
carabid beetles.  Applied Soil Ecology 9, 417-422. 

Haycock, N.E., Pinay, G. & Walker, C. (1993).  Nitrogen 
retention in river corridors: European perspective. 
Ambio 22, 340.  

Hayes, M.J., Jones, A.T., Sackville Hamilton, N.R., 
Wildig J. & Buse, A. (2001).  Studies on the 
restoration of Welsh hedges.  In C. Barr & S. Petit 
(Eds.) Hedgerows of the World: their ecological functions in 
different landscapes (pp. 339-348).  IALE(UK).  

Heatherington, M.J. (1986).  Studies of hedgerow dating 
and hedgerow loss in two Warwickshire parishes.  
Arboricultural Journal 10, 319-329.  

Hegarty, C.A. (1992).  The Ecology and Management of Hedges 
in Northern Ireland.  Unpublished (Thesis). 

Hegarty, C.A. & Cooper, A. (1994a).  The composition, 
structure and management of hedges in Northern 
Ireland.  In T.A. Watt & G.P. Buckley (Eds.), 
Hedgerow Management and Nature Conservation (pp. 153-
154). Ashford, Kent: Wye College Press. (Abstract).  

Hegarty, C.A. & Cooper, A. (1994b).  Regional variation 
of hedge structure and composition in Northern 
Ireland in relation to management and land use.  
Biology and Environment-Proceedings of the Royal Irish 
Academy 94B(3), 223-236.  

Hegarty, C.A., McAdam, J.H. & Cooper, A. (1994).  
Factors influencing the plant species composition of 
hedges: Implications for management in 
Environmentally Sensitive Areas.  In N. Boatman 
(Ed.), Field Margins: Integrating Agriculture and 
Conservation.  BCPC Monograph No. 58, 227-234.  
Farnham: British Crop Protection Council.  

Helliwell, D.R. (1975).  The distribution of woodland 
plant species in some Shropshire hedgerows.  
Biological Conservation 7, 61-72.  

Helliwell, M. (1991).  Managing Farm Hedges.  In J. 
Blyth, J. Evans, W.E.S. Mutch & C. Sidwell (Eds.), 
Farm Woodland Management (pp. 45-47).  Ipswich: 
Farming Press Books.  

Hellwig, M. (1997).  Plant remains from two cesspits 
(15th and 16th century) and a pond (13th century) 
from Gottingen, southern Lower Saxony, Germany.  
Vegetation History and Archaeobotany 6(2), 105-116.  

Helps, M.B. (1994).  Field margins: an agricultural 
perspective.  In N. Boatman (Ed.), Field Margins: 
Integrating Agriculture and Conservation.  BCPC Monograph 
No. 58, 21-30. Farnham: British Crop Protection 
Council. 

Henderson, M.T., Merriam, G. & Wegner, J.F. (1985).  
Patchy environments and species survival.  Biodiversity 
and Conservation 31, 95-105.  

Henein, K. & Merrian, G. (1990).  The elements of 
connectivity where corridor quality is variable.  
Landscape Ecology 4, 157-171.  

Henry, T. (1993).  Repairing and establishing hawthorn 
(Crataegus monogyna Jacq.) hedges.  Unpublished M.Sc. 
thesis. 

Henry, T., Bell, A.C. & McAdam, J.H. (1994).  The effect 
of restoration strategies on the flora and fauna of 
overgrown hedges and methods of repairing gaps in 
over-managed hawthorn hedges.  In N. Boatman 
(Ed.), Field Margins: Integrating Agriculture and 
Conservation.  BCPC Monograph No. 58.  Farnham: 
British Crop Protection Council. 



BIBLIOGRAPHY 

HEDGEROW MANAGEMENT & WILDLIFE 88

Henry, T., Rushton, B.S. & Bell, A.C. (1996).  Methods 
of interplanting gaps in existing hawthorn (Crataegus 
monogyna Jacq.) hedges.  Aspects of Applied Biology 44, 
327-322.  

Hermant, D. & Frochot, B. (1997).  Breeding habitats 
and spring densities of some Turdinae and 
Columbidae species in Cote-d’Or (France).  Gibier 
Faune Sauvage 14(1), 49-64.  

Hewlett, G. (1973).  Reconstructing an historical 
landscape from field and documentary evidence.  
Otford in Kent.  Agricultural History Review 21, 94-110.  

Hickman, J. (1994).  Use of Phacelia tanacetifolia borders to 
enhance hoverfly populations in winter wheat.  In 
T.A. Watt & G. P. Buckley (Eds.), Hedgerow 
Management and Nature Conservation (p. 158). Ashford, 
Kent: Wye College Press. (Abstract).  

Hill, D.A. (1985).  The feeding ecology and survival of 
pheasant chicks on arable farmland.  Journal of Applied 
Ecology 22, 645-654.  

Hinsley, S.A. & Bellamy, P.E. (2000).  The influence of 
hedge structure, management and landscape context 
on the value of hedgerows to birds: a review.  Journal 
of Environmental Management 60, 33-49. 

Hinsley, S.A., Bellamy, P.E., Newton, I. & Sparks, T.H. 
(1995).  Habitat and landscape factors influencing the 
presence of individual breeding bird species in 
woodland fragments.  Journal of Avian Biology 26, 94-
104.  

Hinsley, S.A., Bellamy, P.E., Newton, I. & Sparks, T.H. 
(1996).  Influences of population size and woodland 
area on bird species distributions in small woods.  
Oecologia (Berlin) 105(1), 100-106.  

Hinsley, S.A., Bellamy, P.E., Sparks, T.H. & Rothery, P. 
(1999).  A field comparison of habitat characteristics 
and diversity of birds, butterflies and plants between 
game and non-game areas.  In L.G. Firbank (Ed.), 
Lowland Game Shooting Study (pp. 69-116). Report to 
the British Association for Shooting and 
Conservation. Grange-over-Sands, Cumbria: Institute 
of Terrestrial Ecology. 

Hobbs, R.J. (1992).  The role of corridors in 
conservation: solution or bandwagon?  Trends in 
Ecology and Evolution 7, 389-392.  

Hodge, S.J. (1990).  The Establishment of Trees in Hedgerows.  
Farnham: Forestry Commission.  

Hoevemeyer, K. (1996).  Dipteran communities of a 
mesoxerophytic meadow and a hedge in the 
mountainous area of Southern Lower Saxony:  A 
comparative study.  Drosera 96(2), 113-127.  

Holland, J.M., Begbie, M., Birkett, T., Reynolds, C.J.M & 
Thomas, C.F.G. (2001).  The influence of hedgerows 
on coleopteran distributions: results from a multi-
field sampling study.  In C. Barr & S. Petit (Eds.) 
Hedgerows of the World: their ecological functions in different 
landscapes (pp. 177-186).  IALE(UK).  

Holland, J. & Fahrig, L. (2000).  Effect of woody borders 
on insect density and diversity in crop fields: a 
landscape-scale analysis.  Agriculture, Ecosystems and 
Environment 78, 115-122. 

Hooper, M.D. (1970c).  The botanical importance of our 
hedgerows.  In F.H. Perring (Ed.)  The Flora of a 
Changing Britain (pp. 58-62).  Classey, Middlesex: 
Botanical Society of the British Isles.  

Hooper, M.D. (1968).  The rates of hedgerow removal.  
Paper presented at Monks Wood Symposium No. 4, 
Hedges and Hedgerow Trees, November 1968.  

Hooper, M.D. (1968a).  The conservation of plants.  
Paper presented at Monks Wood Symposium No. 4, 
Hedges and Hedgerow Trees, November 1968.  

Hooper, M.D. (1970b).  Hedges and birds.  Birds 3, 114-
117.  

Hooper, M.D. (1970a).  Dating hedges.  Area 4, 63-65.  

Hooper, M.D. (1971).  Hedges and local history.  Standing 
Conference for Local History.  London: National Council 
for Social Services.  

Hooper, M.D. (1987a).  Conservation interest in plants 
of field margins.  In J.M. Way & P.W. Greig-Smith 
(Eds.), Field Margins.  BCPC Monograph No. 35, 49-52.  
Thornton Heath: British Crop Protection Council.  

Hooper, M.D. (1987b).  In J.M. Way & P.W. Greig-
Smith (Eds.), Field Margins.  BCPC Monograph No. 35.  
Discussion session.  Thornton Heath: British Crop 
Protection Council. 

Hooper, M.D. (1992).  Hedge Management.  Unpublished: 
Institute of Terrestrial Ecology report for the 
Department of the Environment.  August 1992.  

Hooper, M.D. (1994).  Introduction. In T.A. Watt & 
G.P. Buckley (Eds.), Hedgerow Management and Nature 
Conservation (pp. 1-6). Ashford, Kent: Wye College 
Press.  

Hoskins, W.G. (1955).  The Making of the English 
Landscape.  Hodder and Stoughton.  

Hovemeyer, K. & Havelka, P. (1996).  Emergence trap 
studies on biting midges (Diptera: Ceratopogonidae) 
in terrestrial habitats in southern Lower Saxony 
(Germany).  Deutsche Entomologische Zeitschrift 43(2), 
265-274.  



BIBLIOGRAPHY 

HEDGEROW MANAGEMENT & WILDLIFE 89

Howard, D.C. & Barr, C.J. (1991).  Sampling the 
countryside of Great Britain: GIS for the detection 
and prediction of rural change.  Applications in a 
Changing World.  Forest Resource Development Agreement 
Report 153, 171-176.  Ottawa, Canada: Forestry 
Canada.  

Hradetzky, R. & Kromp, B. (1997).  Spatial distribution 
of flying insects in an organic rye field and an 
adjacent hedge and forest edge.  Biological Agriculture 
and Horticulture 15(1-4), 353-357.  

Hudson, P.J. & Rands, M.R.W. (1987).  The Ecology and 
Management of Gamebirds.   Oxford: Blackwell Scientific 
Publications.  

Hughes-Clarke, S.A. & Mason, C.F. (1992).  Ecological 
development of field corner tree plantations on 
arable land.  Landscape Urban Planning 22, 59-72.  

Hull, S.L. (1998).  Alarm calls and predator 
discrimination in populations of the house sparrow 
Passer domesticus in Leeds.  Naturalist (Rotherham) 123, 
19-24.  

Huntings Surveys & Consultants Ltd. (1987).  Monitoring 
Landscape Change.  Borehamwood: Huntings Surveys 
and Consultants Ltd.  

Hurrell, E. & McIntosh, G. (1984).  Mammal Society 
dormouse survey, January 1975 - April 1979.  Mammal 
Review 1, 1-18.  

Hussey, T. (1987).  Hedgerow history.  The Local Historian 
17, 327-342.  

IGER (2000).  Welsh ESA Field margins and Hedges.  
Contract report for the Ministry of Agriculture, 
Fisheries and Food. 

Inglis, I.R., Wright, E. & Lill, J. (1994).  The impact of 
hedges and farm woodlands on woodpigeon (Columba 
palumbus) nest densities.  Agriculture, Ecosystems and 
Environment 48, 257-262.  

INRA, CNRS, ENSA & Université de Rennes (1976).  
Les Bocages: Histoire, Ecologie, Economie.  Rennes, 
France: INRA, CNRS, ENSA et Université de 
Rennes. 

Jang, E.B., Carvalho, L.A. & Stark, J.D. (1997).  
Attraction of female oriental fruit fly, Bactrocera 
dorsalis. Journal of Chemical Ecology 23(5), 1389-1401.  

Jeffries, D.J., Stainsby, B. & French, M.C. (1973).  The 
ecology of small mammals in arable fields drilled with 
winter wheat and the increase in their dieldrin and 
mercury residues.  Journal of Zoology 171, 513-539.  

Jenkins, D. (1961).  Social behaviour in the partridge, 
Perdix perdix.  Ibis 103a, 155-188.  

Jenkins, D. (1984).  Agriculture and the Environment.  Paper 
presented at ITE Symposium No. 13.  Institute of 
Terrestrial Ecology. 

Jensen, M. (1954).  Shelter Effect: the aerodynamics of shelter 
and its effect on climate and crops.  Copenhagen: Danish 
Technical Press.  

Jentzsch, M. (1992).  Avifauna of a field hedgerow in the 
Goldene Aue area with results of banding breeding 
birds.  Beitr Vogelkd 38(5-6), 335-347.  

Jobin, B., Boutin, C. & Bélanger, L. (2001).  Hedgerows 
as refuges for pest birds and plants: could Québec’s 
farmers be wrong?  In C Barr & S. Petit  (Eds.) 
Hedgerows of the World: their ecological functions in different 
landscapes (pp. 207-212).  IALE(UK). 

Jobin, B., Boutin, C. & DesGranges, J.L. (1996).  Fauna 
habitats in the rural Quebec environment: a floristic 
analysis.  Canadian Journal of Botany 74(3), 323-336.  

Jobin, B., Boutin, C. & DesGranges, J.L. (1997).  Effects 
of agricultural practices on the flora of hedgerows 
and woodland edges in southern Quebec.  Canadian 
Journal of Plant Science 77(2), 293-299.  

Jobin, B., Choinière, L. & Bélanger, L. (2001).  Bird use 
of three types of field margins in relation to intensive 
agriculture in Québec, Canada.  Agriculture, Ecosystems 
and Environment 84, 131-143. 

Jones, A.T. (1994).  Hedge planting: the implications of 
using alien rather than native geotypes.  In N. 
Boatman (Ed.), Field Margins: Integrating Agriculture and 
Conservation.  BCPC Monograph No. 58, 273-276.  
Farnham: British Crop Protection Council.  

Jones, A.T., Chater, A.O., Evans, P., Potter, F. & Taylor, 
J. (Unpublished).  A survey of hedges and their 
woody species in Ceredigion, mid Wales. 

Jones, A.T. & Evans, P.R. (1994).  A comparison of the 
growth and morphology of native and commercially 
obtained continental European Crataegus monogyna 
Jacq. (Hawthorn) at an upland site.  Watsonia 20(2), 
97-103.  

Jones, A.T., Hayes, M.J. & Sackville Hamilton, N.R. 
(2001).  The effect of provenance on the 
performance of Crataegus monogyna in hedges.  Journal 
of Applied Ecology 38, 952-962. 

Jones, D. & Haggar, R.J. (1997).  Impact of nitrogen and 
organic manures on yield, botanical composition and 
herbage quality of two contrasting grassland field 
margins.  Biological Agriculture and Horticulture 14(2), 
107-123.  

Jones, G., Duvergé, L.P. & Ransome, R.D. (1995).  
Conservation biology of an endangered species: field 
studies on greater horseshoe bats.  Symp. Zool. Soc. 
Lond. 67, 309-324. 

Jones, S.H. (1992).  The landscape ecology of hedgerows with 
particular reference to island biogeography.  (Unpublished 
PhD Thesis).  University of York. 



BIBLIOGRAPHY 

HEDGEROW MANAGEMENT & WILDLIFE 90

Joyce, K.A. (1998).  The Role of Hedgerows in the 
Ecology of Invertebrates in Arable Landscapes. 
(Unpublished Ph.D. thesis).  University of 
Southampton. 

Joyce, K.A., Holland, J.M. & Doncaster, C.P. (1999). 
Influences of hedgerow intersections and gaps on the 
movement of carabid beetles. Bulletin of Entomological 
Research 89, 523-53. 

Joyce, K.A., Jepson, P.C., Doncaster, C.P. & Holland, 
J.M. (1997).  Arthropod distribution patterns and 
dispersal processes within the hedgerow.  In A. 
Cooper & J. Power (Eds.), Species Dispersal and Land 
Use Processes (pp. 103-110).  Coleraine: International 
Association for Landscape Ecology (UK). 

Joyce, B., Williams, G. & Woods, A. (1988).  Hedgerows: 
still a cause for concern.  RSPB Conservation Review 2, 
34-37.  

Kazuhiko, H., Wajirou, S. & Satohiko, S. (1997).  Impacts 
of secondary seed dispersal and herbivory on seedling 
survival in Aesculus turbinata.  Journal of Vegetation 
Science 8(5), 735-742.  

Keller, B. (1961).  Damage to young plantations by the 
bank vole at Bernwood Forest, 1958-60.  Journal of the 
Forestry Commission 30, 55-59.  

Kempenaers, B. (1995).  Polygyny in the blue tit - intra-
sexual and inter-sexual conflicts.  Animal Behaviour 
49(4), 1047-1064.  

Kendall, D.A. & Wiltshire, C.W. (1998).  Life-cycles and 
ecology of willow beetles on Salix viminalis in 
England.  European Journal of Forest Pathology 28(4), 
281-288.  

Kennedy C.E.J. & Southwood T.R.E. (1984).   The 
number of species of insects associated with British 
trees: a re-analysis.  Journal of Animal Ecology 53, 455-
478. 

Kikkawa, J. (1964).  Movement, activity and distribution 
of small rodents Clethrionomys glareolus and Apodemus 
sylvaticus in woodland.  Journal of Animal Ecology 33, 
259-299.  

Kime, R.D. (1994).  Millipedes (Diplopoda) found in and 
around hedges in Luxembourg.  Bulletin de la Societe des 
Naturalistes Luxembourgeois 95, 349-357.  

Kirby, K. (1995).  Rebuilding the English Countryside: habitat 
fragmentation and wildlife corridors as issues in practical 
conservation.  

Kirby, K & Yeo, M. (2000).  Conservation of Veteran Trees.  
JNCC 00 P29.  Peterborough: Joint Nature 
Conservation Committee.  

Kirby, P. (1992).  Habitat Management for Invertebrates: A 
Practical Handbook.  Bedfordshire: RSPB.  

Kleijn, D., Joenje, W. & Kropff, M.J. (1997).  Patterns in 
species composition of arable field boundary 
vegetation.  Acta Botanica Neerlandica 46(2), 175-192.  

Kleijn, D. & Snoeijing, G.I.J. (1997).  Field boundary 
vegetation and the effects of agrochemical drift: 
botanical change caused by low levels of herbicide 
and fertiliser.  Journal of Applied Ecology 34, 1413-1425. 

Kleijn, D. & Verbeek, M. (2000).  Factors affecting the 
species composition of arable field boundary 
vegetation.  Journal of Applied Ecology 37, 256-266. 

Knauer, N., Stachow, U. & Marxen-Drewes, H. (1989).  
The influence of hedgerows on yield and fauna of 
adjacent fields.  In M. Schaefer (Ed.), Verhandlungen 
Gesellschaft Für Oekologie, Band 17, 671-675.  
(Proceedings of the Society for Ecology, Vol. 17).  
17th Annual Meeting of the Gesellschaft für 
Oekologie, Göttingen, Germany, September 27 - 
October 3, 1987.  834 pp.  Göttingen, Germany 
Gesellschaft für Oekologie:., 671-675.  

Knight, R.C. (1934).  The influence of winter stem 
pruning on subsequent stem and root development in 
the apple.  Journal of Pomology 12, 4-14.  

Kollmann, J. & Reiner, S.A. (1996).  Light demands of 
shrub seedlings and their establishment within 
scrublands.  Flora (Jena) 191(2), 191-200.  

Kotzageorgis, G.C. & Mason, C.F. (1997).  Small 
mammal populations in relation to hedgerow 
structure in an arable landscape.  Journal of Zoology 
242(s), 425-434.  

Kotzageorgis, G.C. & Mason, C.F. (1996).  Range use, 
determined by telemetry, of yellow-necked mice 
(Apodemus flavicollis) in hedgerows.  Journal of Zoology 
249, 773-777.  

Kovar, P. (1997).  Biodiversity of hedgerows surrounding 
a point source of nitrogen pollution (Wensleydale, 
northern England).  Thaiszia 7(1), 65-73.  

Kovar, P., Kovarova, M., Bunce, R., Ineson, P. & 
Brabec, E. (1996).  Role of hedgerows as nitrogen 
sink in agricultural landscape of Wensleydale, 
Northern England.  Preslia (Prague) 68(3), 273-284.  

Kramer, P.J. & Kozlowski, T.T. (1979).  Physiology of 
Woody Plants.  London: Academic Press.  

Krebs, J.R. (1971).  Territory and breeding density in the 
Great tit, Parus major.  Ecology 52, 1-22.  

Kristin, A. & Patocka, J. (1997).  Birds as predators of 
Lepidoptera: selected examples.  Biologia (Bratislava) 
52(2), 319-326.  

Kubes, J. & Fuchs, R. (1998).  Village as a bird refuge in 
cultural landscape (largely agricultural landscape, the 
Czech Republic).  Ekologia-Bratislava 17(2), 208-220.  



BIBLIOGRAPHY 

HEDGEROW MANAGEMENT & WILDLIFE 91

Kuehne, S. & Stein, M. (1996).  Influence of different 
field boundaries on hoverflies and aphids in the field 
by the example of the “Brandenburg stacked wood 
hedge”.   In W. Laux (Ed.) Mitteilungen aus der 
Biologischen Bundesanstalt für Land und Forstwirtschaft 
Berlin-Dahlem, Heft 321 (Communications from the 
Federal Biological Institute for Agriculture and 
Forestry Berlin-Dahlem, No. 321).  Proceedings 50th 
German Meeting on Plant Protection, Münster, 
Germany, September 23-26, 1996.  Biologische 
Bundesanstalt für Land und Forstwirt 321, 144.  

Küppers, M. (1989).  Hedgerows and field woodland 
focal points of production biology studies on woody 
plants.  In Kuttler, W. (Ed.).  Verhandlugen Gesellschaft 
für Oekologie, Band 18 (Proceedings of the Society for 
Ecology, Vol. 18).  Proceedings of meeting, Essen, 
Germany, September 25-October 1, 1988.  920 pp.  
Gesellschaft für Oekologie: Göttingen, Germany, 689-700.  

Küppers, M. (1989).  Hecken und Flurgeholze - 
Paradeobjekte für produktions- und populations 
biologische Untersuchungen an Holzgewachsen.  
Verhandlungen der Gesselschaft für Okologie, Band 18, 689-
700. Proceedings of meeting, Essen, September 25-
October 1, 1988.  

Kyrkos, A., Wilson, J.D. & Fuller, R.J. (1998).  Farmland 
habitat change and abundance of Yellowhammers 
Emberiza citrinella: an analysis of common birds census 
data.  Bird Study 45, 232-246.  

Lack, P.C. (1987).  The effects of severe hedgecutting on 
breeding bird populations.  Bird Study 34, 139-146.  

Lack, P.C. (1988a).  Farmland Habitat Features for Birds.  
BTO Research Report No. 29.  Nature Conservancy 
Council CSD Report No. 796.  

Lack, P.C. (1988b).  Hedge intersections and breeding 
bird distribution in farmland.  Bird Study 35, 133-136.  

Lack, P.C. (1990).  Farming birds.  In Fourth report of 
TERF The Environment Research Fund: Farming and 
Conservation Management - Putting New Ideas into Practice 
(pp. 7-8).  Norwich: Inter Regional Group.  

Lack, P.C. (1992).  Birds on Lowland Farms.  London: 
HMSO.  

Lainsbury, M.A., Cornford, P.A. & Boatman, N.D. 
(1992).  The use of quinmerac to control Galium 
aparine in field boundaries.  Aspects of Applied Biology 
29.  Vegetation management in forestry amenity and 
conservation areas.  

Lake District Special Planning Board (1988).  National 
Parks - Environmental Favoured Areas?  Association 
of National Park Officers. 

Lakhani, K.H. (1994).  The importance of field margin 
attributes to birds.  In N. Boatman (Ed.), Field 
Margins: Integrating Agriculture and Conservation.  BCPC 
Monograph No. 58, 77-84.  Farnham: British Crop 
Protection Council.  

Lambrick, G. & Robinson, M. (1979).  Iron Age and 
Roman Riverside Settlements at Farnmoor, Oxfordshire.   
Research Report 32.  Council for British 
Archaeology.  

Langmaid, J.R. (1994).  Depressaria douglasella (Stainton) 
(Lepidoptera: Oecophoridae) feeding on upright 
Hedger-parsley (Torilis japonica (Houttuyn) in 
Somerset.  Entomologist’s Gazette 45(4), 254.  

Laussmann, H. & Plachter, H. (1998).  Avifaunal changes 
in response to changes of land-use and structure of 
farmland: a case study from southern Germany.  
Vogelwelt 119, 7-19.  

Le Coeur, D., Baudry, J. & Burel, F. (1997).  Field 
margins plant assemblages: variations partitioning 
between local and landscape features.  Landscape and 
Urban Planning 37, 57-71.  

Le Coeur, D., Baudry, J., Moonen, C. & Burel, F. (1994).  
Do field margin plants experience grain size and 
connectivity within a landscape?  Paper presented at 
the INTECOL, Manchester. 

Le Coeur, D., Baudry, J. et al. (2002).  Why and how we 
should study field boundary biodiversity in an 
agrarian landscape context.  Agriculture, Ecosystems and 
Environment 89(1-2), 23-40. 

Le Duc, J.P. (1976).  Rapaces nocturnes et densite de 
bocage.  In INRA, CNRS, ENSA & Université de 
Rennes, Les Bocages: Histoire, Ecologie, Economie (p. 339).  
Editions INRA.  

Lebeaux, M.O. (1985).  ADDAD Association pour le 
Developpement et la Diffusion de l’Analyse de Connees. Paris: 
Multigraph.  

Lee, B.H. (1985).  Guide to Fields, Farms and Hedgerows. 
Marlborough: The Crowood Press.  

Lee, M.S.Y. (1997).  Re: Molecules, morphology, and 
phylogeny: a response to hedges and Maxson.  
Molecular Phylogenetics and Evolution 77(2), 293-299.  

Lefeuvre, J.C., Missonnier, J. & Robert, Y. (1976).  
Caractérisation zoologique.  Ecologie animale (des 
bocages).  In INRA, CNRS, ENSA et Université de 
Rennes Les Bocages: Histoire, Ecologie, Economie (pp. 
315-326).. (Rapport de synthese).  

Lentner, R. (1997).  The avifauna of the cultural 
landscape of the Krappfeld in Carinthia (Austria): 
breeding habitat preferences, structural relationships 
and management recommendations.  Egretta 40, 85-
128.  

Lentner, R. & Landmann, A. (1994).  Relations between 
birds and landscape structure: spatial and seasonal 
patterns in the Lower Inn Valley, North Tyrol.  
Berichte des Naturwissenschaftlich-Medizinischen Vereins in 
Innsbruck, 1-130.  



BIBLIOGRAPHY 

HEDGEROW MANAGEMENT & WILDLIFE 92

Leonard, P.L. & Cobman, R.O. (1977).  The farming 
landscape of England and Wales: a changing scene. 
Landscape Planning 4, 205-236.  

Levins, R. (1970). Extinctions.  In Some Mathematical 
Questions in Biology (pp. 77-107). Lectures on Mathematics 
in the Life Sciences 2.  Providence, Rhode Island: 
American Mathematics Society  

Lewis, T. (1965).  The effect of shelter on the 
distribution of insect pests.  Scientific Horticulture 17, 
74-84.  

Lewis, T. (1966).  Artificial windbreaks and the 
distribution of turnip mild yellow virus and 
Scaptomyza opicalis in turnip crop.  Annals of Applied 
Biology 58, 365-370.  

Lewis, T. (1969a).  The distribution of insects along a low 
hedgerow.  Journal of Applied Ecology 6, 443-452.  

Lewis, T. (1969b).  The diversity of the insect fauna in a 
hedgerow and neighbouring fields.  Journal of Applied 
Ecology 6, 453.  

Lewis, J., Clements, D.K., Moore, L. & Rich, T.C.G. 
(1999).  Cardiff Hedgerow Survey 1998.  Cardiff: 
National Museums and Galleries of Wales. 

Limpens, H.J.G.A. & Kapteyn, K. (1991).  Bats, their 
behaviour and linear landscape elements.  Myotis 29, 
39-47.  

Linnenbrink, M., Loesch, R. & Kappen, L. (1992).  Water 
relations of hedgerow shrubs in Northern Central 
Europe.  I. Bulk water relations.  Flora (Jena) 187(1-2), 
121-133.  

Loman, J. (1991).  The small mammal fauna in an 
agricultural landscape in southern Sweden, with 
special reference to the Wood mouse Apodemus 
sylvaticus.  Mammalia 55, 61-96.  

Long, E. (1988).  The seeds of a solution.  Farmers 
Weekly, (12 August 1988).  

Longley, M., Cilgi, T., Jepson, P.C. & Sotherton, N.W. 
(1997).  Measurements of pesticide spray drift 
deposition into field boundaries and hedgerows.  1. 
Summer applications.  Environmental Toxicology and 
Contamination 16, 165-172.  

Longley, M. & Sotherton, N.W. (1997a).  Factors 
determining the effects of pesticides upon butterflies 
inhabiting arable farmland.  Agriculture, Ecosystems and 
Environment 16, 1-12.  

Longley, M. & Sotherton,  N.W. (1997b).  Measurements 
of pesticide spray drift deposition into field.  2. 
Autumn applications.  Environmental Toxicology and 
Chemistry 16, 173-178.  

Lowday, J.E. & Wells, T.C.E. (1977).  The Management of 
Grassland and Heathland in Country Parks.  Cheltenham: 
Countryside Commission.  

Luebcke, W. (1994).  Population density, frequency 
relation and habitats of the warbler species on a study 
plot in northern Hesse.  Vogelkundliche Hefte Edertal 
20, 9-21.  

Luff, M.L. (1966).  The abundance and diversity of the 
beetle fauna of grass tussocks.  Journal of Animal 
Ecology 35, 189-208.  

Luginbuhl, Y. (1995).  Des formes d’arbes insolites.  Pour 
Sci 8, 9.  

MacArthur, R.H. & Wilson, E.O. (1967).  The Theory of 
Island Biogeography.  Princeton, New Jersey, USA: 
Princeton University Press.  

Macdonald, D.W. (1984).  A questionnaire survey 
farmers’ opinion and actions towards wildlife on 
farmlands.  In D. Jenkins (Ed.), Agriculture and the 
Environment (pp. 171-176).  Cambridge.  

Macdonald, D.W. & Johnson, P.J. (1995).  The 
relationship between bird distribution and the 
botanical and structural characteristics of hedges.  
Journal of Applied Ecology 32, 492-505.  

Macdonald, D.W. & Johnson, P.J. (2000).  Farmers and 
the custody of the countryside: trends in loss and 
conservation of non-productive habitats 1981-1998.  
Biological Conservation 94, 221-234. 

Macdonald, D.W., Tew, T.E., Todd, I.A., Garner, J.P. & 
Johnson, P.J. (2000).  Arable habitat use by wood 
mice (Apodemus sylvaticus). 3. A farm-scale experiment 
on the effects of crop rotation.  Journal of Zoology 250, 
313-320. 

MacGregor, J. (1988).  Cereal surplus no myth.  Ministry of 
Agriculture, Fisheries and Food News release.  12 
January 1988.  

MacLean, M. (1992).  New Hedges for the Countryside.  
Ipswich: Farming Press Books.  

MacLeod, A. (1994).  Artificial overwintering habitats for 
polyphagous predators.  In T.A. Watt & G.P. Buckley 
(Eds.).  Hedgerow Management and Nature Conservation 
(pp. 157-158). Ashford, Kent: Wye College Press. 
(Abstract).  

MacLeod, A. (1999).  Attraction and retention of 
Episyrphus balteatus (Diptera: Syrphidae) at an arable 
field margin with rich and poor floral resources.  
Agriculture, Ecosystems and Environment 73, 237-244. 

Mader, H.J. (1988).  The significance of paved 
agricultural roads as barriers to ground dwelling 
arthropods.  In Connectivity in Landscape Ecology.  
Proceedings of 2nd International Seminar of IALE. 

Mader, H.J. (1990).  Wildlife in cultivated landscapes.  
Biological Conservation 54, 167-173.  

Mader, H.J., Schell, C. & Kornacker, P. (1990).  Linear 
barriers to arthropod movements in the landscape.  
Biological Conservation 54, 209-222. 



BIBLIOGRAPHY 

HEDGEROW MANAGEMENT & WILDLIFE 93

Maes, B. (1998).  How original are our indigenous shrubs 
and trees?  Levende Natuur 99(1), 31-37.  

Maggs, D.H. (1965).  Dormant and summer pruning 
compared by pruning young apple trees once on a 
succession of dates.  Journal of Horticultural Science 40, 
249-265.  

Mahn, E. (1988).  Changes in the structure of weed 
communities affected by agrochemicals - What role 
does nitrogen play?  Ecological Bulletin 39, 71-73.  

Major, R.E., Christie, F.J., Gowing, G. & Ivison, T.J. 
(1999c).  Elevated rates of predation on artificial 
nests in linear strips of habitat.  Journal of Field 
Ornithology 70, 351-64. 

Malden, W.J. (1899).  Hedges and hedge making.  Journal 
of the Royal Agricultural Society of England 10, 87-117.  

Mallon, E. (1992).  Hedges in Northern Ireland. Unpublished 
dissertation in part fulfilment for degree of BAgr 
(Hons), Faculty of Agriculture and Food Science, 
Queen’s University of Belfast.  

Manning, W.H. (1985).  Catalogue of the Romano-British 
iron tools, fittings and weapons in the British 
Museum.  British Museum Publications Ltd.  

Marini, R.P. & Barden, J.A. (1987).  Summer pruning of 
apple and peach trees.  Horticultural Review 9, 351-375.  

Marino, P.C., Gross, K.L. & Landis, D.A. (1997).  Weed 
seed loss due to predation in Michigan maize fields.  
Agriculture, Ecosystems and Environment 66(3), 189-196.  

Marino, P. & Landis, D.A. (1996).  Effect of landscape 
structure on parasitoid diversity and parasitism in 
agroecosystems.  Ecological Applications 6(1), 276-284.  

Marrs, R.H. (1985).  Techniques for reducing soil fertility 
for nature conservation purposes: review in relation 
to research at Roper’s Heath, Suffolk, England.  
Biological Conservation 34, 307-332.  

Marrs, R.H. & Frost, A.J. (1997).  A microcosm 
approach to the detection of the effects of herbicide 
spray drift in plant communities.  Journal of 
Environmental Management 50(4), 369-388.  

Marrs, R.H., Frost, A.J. & Plant, R.A. (1991a).  Effect of 
mecoprop drift on some plant species of 
conservation interest when grown in standardised 
mixtures in microcosms.  Environmental Pollution 73, 
25-42.  

Marrs, R.H., Frost, A.J. & Plant, R.A. (1991b).  Effects of 
herbicide spray drift on selected species of nature 
conservation interest: the effects of plant age and 
surrounding vegetation structure.  Environmental 
Pollution 69, 223-235.  

Marrs, R.H., Williams, C.T., Frost, A.J. & Plant, R.A. 
(1989).  Assessment of the effects of herbicide spray 
drift on a range of plant species of conservation 
interest.  Environmental Pollution 59, 71-86.  

Marshall, E.J.P. (1985).  Weed distributions associated 
with cereal field edges - some preliminary 
observations.  Aspects of Applied Biology 9, 49-58.  

Marshall, E.J.P. (1986).  Studies of the flora in arable field 
margins., Technical Report Long Ashton Research Station. 
Weed Research Division No. 96.  

Marshall, E.J.P. (1988).  The ecology and management of 
field margin flora in England.  Outlook on Agriculture 
17, 247-257.  

Marshall, E.J.P. (1989).  Distribution patterns of plants 
associated with arable field edges.  Journal of Applied 
Ecology 26, 247-257.  

Marshall, E.J.P. (1992).  Patterns of distribution of plant 
species in the field and their margins.  In P.W. Greig-
Smith, G.K. Frampton & A.R. Hardy (Eds.), Pesticides, 
Cereal Farming and the Environment: the Boxworth Project  
(pp. 68-81).  London: HMSO.  

Marshall, E.J.P. (1989).  Distribution patterns of plants 
associated with arable field edges.  Journal of Applied 
Ecology 26(1), 247-257. 

Marshall, E.J.P. & Arnold, G.M. (1995).  Factors 
affecting field weed and field margin flora on a farm 
in Essex, UK.  Landscape and Urban Planning 31(1-3), 
205-216.  

Marshall, E.J.P. & Hopkins, A. (1990).  Plant species 
composition and dispersal in agricultural land.  In 
R.G.H. Bunce & D.C. Howard (Eds.), Species Dispersal 
in Agricultural Habitats.  London: Belhaven.  

Marshall, E.J.P., Joenje, W. & Burel, F. (1994).  European 
research network.  In R.G.H. Bunce & D.C. Howard 
(Eds.), Field Margins: Integrating Agriculture and 
Conservation.  BCPC Monograph No. 58.  Farnham: 
British Crop Protection Council.   

Marshall, E.J.P., Maudsley, M.J. & West, T.M. (2001a).  
Guidelines for hedge management to improve the 
conservation value of different types of hedge.  
Report for the Ministry of Agriculture, Fisheries and 
Food.  IACR - Long Ashton Research Station.  66 
pp. 

Marshall E.J.P, Maudsley M.J., West T.M. & Rowcliffe 
H.R. (2001b).   Effects of management on the 
biodiversity of English hedgerows.  In C. Barr & S. 
Petit (Eds.) Hedgerows of the World: their ecological 
functions in different landscapes (pp. 361-365).   
IALE(UK).  

Marshall E.J.P, West T.M. & Maudsley M.J. (2001c).  
Treatments to restore the diversity of herbaceous 
flora of hedgerows.  In C. Barr & S. Petit (Eds.) 
Hedgerows of the World: their ecological functions in different 
landscapes (pp. 319-328).  IALE(UK).  



BIBLIOGRAPHY 

HEDGEROW MANAGEMENT & WILDLIFE 94

Marshall, E.J.P. & Nowakowski, M. (1991).  The use of 
herbicides in the creation of a herb rich field margin. 
Brighton Crop Protection Conference: Weeds, Vol. 2,655-
660.  Farnham:  British Crop Protection Council.  

Marshall, E.J.P. & Nowakowski, M. (1992).  Herbicide 
and cutting treatments for establishment and 
management of diverse field margin strips.  Aspects of 
Applied Biology 29, 425-430.  

Marshall, E.J.P. & Nowakowski, M. (1994). 
Establishment and management of herb-rich field 
margins. In T.A. Watt & G.P. Buckley (Eds.), 
Hedgerow Management and Nature Conservation (pp. 154-
156). Ashford, : Wye College Press. (Abstract).  

Marshall, E.J.P. & Smith, B.D. (1987).  Field margin flora 
and fauna: interaction with agriculture.  In J.M. Way 
& P.W. Greig-Smith (Eds.), Field Margins. BCPC 
Monograph No. 35, 23-33.  Thornton Heath: British 
Crop Protection Council.  

Marshall, J.K. (1967).  The effect of shelter on the 
productivity of grasslands and field crops.  Field Crop 
Abstracts 20, 1-14.  

Marshall, T.W. (1767).  The Rural Economy of Norfolk 
Comprising the Management of Landed Estates.  London: T 
Cadell.  

Marshall, W. (1809-1817).  The Review and Abstract of the 
County Reports to the Board of Agriculture.  Reprinted.  
Newton Abbot: David and Charles.  5 volumes.  

Martin M., Bastardie F., Richard D. & Burel F. (2001).  
Studying boundary effects on animal movement in 
heterogeneous landscapes: the case of Abax ater 
(Coleoptera: Carabidae) in hedgerow network 
landscapes.  Comptes Rendus de l’Academie des Sciences 
324, 1029-1035. 

Martins, T.L.F. (1997).  Fledging in the common swift, 
Apus apus: Weight-watching with a difference.  Animal 
Behaviour 54(1), 99-108.  

Mason, C.F. (1976).  Breeding biology of the Sylvia 
warblers.  Bird Study 23, 213-232.  

Mason, C.F. (1998).  Habitats of the song thrush Turdus 
philomelos in a largely arable landscape.  Journal of 
Zoology (London) 244, 89-93. 

Mason, C.F. &  Macdonald, S.M. (2000a).  Influence of 
landscape and land-use on the distribution of 
breeding birds in farmland in eastern England.  
Journal of Zoology 251, 339-348. 

Masterman, A.J., Holmes, S.J. & Foster, G.N. (1994).  
Transmission of Barley Yellow Dwarf Virus by cereal 
aphids collected from different habitats on cereal 
farms.  Plant Pathology 43(4), 612-620.  

Matzke-Hajek, G. (1997).  Evolution dispersal of 
apomictic Rubus species (Rosaceae) in the cultural 
landscape.  Bulletin of the Geobotanical Institute ETH 63, 
33-44.  

Maudsley, M.J. (2000).  A review of the ecology and 
conservation of hedgerow invertebrates in Britain.  
Journal of Environmental Management 60, 65-76. 

Maudsley, M.J., Seeley, B. & Lewis, O. (2002).  Spatial 
distribution patterns of predatory arthropods within 
an English hedgerow in early winter in relation to 
habitat variables.  Agriculture, Ecosystems and 
Environment 89, 77-89. 

Maudsley, M.J., West, T., Rowcliffe, H.R. & Marshall, 
E.J.P. (1997).  Spatial variability in plant and insect 
(Heteroptera) communities in hedgerows in Great 
Britain.  In A. Cooper & J. Power (Eds.), Species 
Dispersal and Land Use Processes (pp. 229-236).  
Coleraine: International Association for Landscape 
Ecology (UK). 

Maudsley, M.J., West, T., Rowcliffe, H.R. & Marshall, 
E.J.P. (1998).  Approaches to the restoration of 
degraded field boundary habitats in agricultural 
landscapes.  In J.W. Dover & R.G.H. Bunce (Eds.), 
Key Concepts in Landscape Ecology (pp. 387-392).  
Preston: International Association for Landscape 
Ecology (UK). 

Maudsley, M.J., West, T.M., Rowcliffe, H. & Marshall, 
E.J.P. (2000).  The impacts of hedge management on 
wildlife: preliminary results for plants and 
invertebrates.  Aspects of Applied Biology 58, Vegetation 
management in changing landscapes, 389-396. 

Mauremooto, J.R., Wratten, S.D., Worner, S.P. & Fry, 
G.L.A. (1995).  Permeability of hedgerows to 
predatory carabid beetles.  Agriculture, Ecosystems and 
Environment 52(2-3), 141-148.  

McAdam, J.H., Bell, A.C. & Henry, T. (1994a).  The 
effects of restoration techniques on flora and micro 
fauna of hawthorn-dominated hedges.  In T.A. Watt 
& G.P. Buckley (Eds.), Hedgerow Management and 
Nature Conservation (pp. 25-32). Ashford, Kent: Wye 
College Press.  

McAdam, J.H., Bell, A.C. & Henry, T. (1994b).  Field 
margin flora and fauna changes in response to 
grassland management practices.  In N. Boatman 
(Ed.), Field Margins: Integrating Agriculture and 
Conservation.  BCPC Monograph No. 58, 153-158. 
Farnham: British Crop Protection Council.   

McAdam, J.H., Bell, A.C. & Henry, T. (1994c). 
Restoration strategies for overgrown hawthorn 
hedges along grass fields.  In R.J. Haggar & S. Peel 
(Eds.), Grassland Management and Conservation.  BGS 
Occasional Symposium 28,  306-307.  

McAdam, J.H., Bell, A.C., Gilmore, C. & Mulholland, F. 
(1996).  The effects of different hedge restoration 
strategies on biodiversity.  Aspects of Applied Biology 44, 
363-367. 

McCarthy, B.C. (1994).  Experimental studies of hickory 
recruitment in a wooded hedgerow and forest.  
Bulletin of the Torrey Botanical Club 121(3), 240-250.  



BIBLIOGRAPHY 

HEDGEROW MANAGEMENT & WILDLIFE 95

McCollin, D. (2000a).  Editorial: Hedgerow policy and 
protection - changing paradigms and the 
conservation ethic.  Journal of Environmental Management 
60, 3-6. 

McCollin, D. (Ed.) (2000b).  Hedgerows: perspectives on 
biodiversity and environmental management.  
Selected papers from the Hedgerow Conservation: policy, 
protection and evaluation meeting, University College 
Northampton, July 21, 1999.  Journal of Environmental 
Management 60. 

McCollin, D., Jackson, J.I., Bunce, R.G.H., Barr, C.J. & 
Stuart, R. (2000).  Hedgerows as habitat for woodland 
plants.  Journal of Environmental Management 60(1), 77-
90. 

McDonald, P.M., Fiddler, G.O. & Harrison, H.R. (1994).  
Repeated manual release in a young plantation - 
effect on Douglas-fir seedlings, hardwoods, shrubs, 
forbs, and grasses.  USDA Forest Service Pacific 
Southwest Research Station Research Paper 221 (p. UR1 et 
seq.).  

McIntyre, B.D., Riha, S.J. & Ong, C.K. (1996).  Light 
interception and evapotranspiration in hedgerow.  
Agricultural and Forest Meteorology, 81(1-2), 31-40.  

McKay, H.V., Langton, S.D., Milsom, T.P. & Feare, C.J. 
(1996).  Prediction of field use by brent geese; an aid 
to management.  Crop Protection 15(3), 259-268.  

Mead, W.R. (1966).  The study of field boundaries.  
Geographische Zeitschrift 55, 101-117.  

Menneer, R. (1994).  Wildlife Revival in Cornish Hedges: 
History, Traditions and Practical Guidance.  Redruth, 
Cornwall: Dyllansow Truran.  

Mercer, C., Cherrill, A., Tudor, G. & Andrews, M. 
(1999).  Hedgerow plant communities: relationships 
with adjacent land use and aspect.  Aspects of Applied 
Biology 54, 345-352. 

Mérot, P. (1999).  The influence of hedgerow systems on 
the hydrology of agricultural catchments in a 
temperate climate.  Agronomie 19, 655-669. 

Merot, P. & Bruneau, P. (1993).  Sensitivity of bocage 
landscapes to surface run-off: applications of the 
kindby index.  Hydro Proc. 7, 12.  

Merriam, G. & Lanoue, A. (1990).  Corridor use by small 
mammals: field measurement for three types of 
Peromyscus leucopus.  Landscape Ecology 4, 123-133.  

Merriam, G.C. (1981).  Webster’s New Collegiate Dictionary. 
Springfield MA.  

Merriam, H.G. (1984).  Connectivity: a fundamental 
characteristic of landscape pattern.  In J. Brandt & P. 
Agger (Eds.), Methodology in Landscape Ecological 
Research and Planning.  Rosklide: Rosklide University 
Centre.  

Merriam, H.G. (1988).  Modelling woodland species 
adapting to an agricultural landscape.  Munster Geogr. 
Arb. 29, 67.  

Merriam, H.G. (1990).  Ecological processes in the time 
and space of farmland mosaic.  In I.S. Zonneveld & 
R.T.T. Forman (Eds.), Changing Landscapes: An 
Ecological Perspective (pp. 121-133).  Springer Verlag.  

Merriam, H.G. (1991).  Corridors and connectivity: 
animal populations in heterogeneous environments. 
In D.A. Saunders & R.J. Hobbs (Eds.), The Role of 
Corridors.  Chipping Norton, Australia: Surrey Beatty 
& Sons.  

Metzger, J.P. & Decamps, H. (1997).  The structural 
connectivity threshold: an hypothesis in conservation 
biology at the landscape scale.  Acta Oecologica 18(1), 1-
12.  

Meyer, J. (1972).  L’évolution des idées sur le bocage en 
Bretagne.  In La Pensée Géographique Française 
Contemporaire.  Presses universitaires de Bretagne.  

Meyer, J. (1995).  L’ évolution des idées sur le bocage en 
Bretagne.  In Collective (Ed.), La Pensée Géographique 
Française Contemporaire.  Rennes, France: Universitaires 
de Bretagne.  

Michelat, D. & Giraudoux, P. (1993).  Predator-prey-
habitat relationship of the barn owl Tyto alba during 
the period of rearing the young.  Alauda 61(2), 65-72.  

Middleton, J. (1807).  View of the agriculture of Middlesex.  
(Draw up for the Board of Internal Improvement).  London.  

Middleton, J. & Merriam, G. (1981).  Woodland mice in a 
farmland mosaic.  Journal of Applied Ecology 18, 703-
710. 

Mika, A. (1982).  The relationship between the amount 
and type of pruning and the yield of apple trees. 
Proceedings of the 21st International Horticultural Congress 1, 
209-221.  

Mika, A. (1986).  Physiological responses of fruit trees to 
pruning.  Horticultural Review 8, 337-378.  

Mika, A., Growshowska, J.J. & Karaszewska, A. (1977).  
Studies on physiological aspects of pruning of apple 
trees.  1. The effect of pruning and disbudding on 
fruit bud formation and dry matter increment of 
maiden apple trees.  Fruit Science Report 4, 1-5.  

Miller, G.R. (1968).  Some responses of hill ewes and 
lambs to artificial shelter.  Animal Prod. 10, 59-66.  

Mills, J. Winter, M. & Powell, J. (2000).  The socioeconomic 
impacts of implementing the UK Biodiversity Action Plan for 
species rich hedges in Devon.  English Nature Research 
Report No. 397. 

Milne, B.T. & Forman, R.T.T. (1986).  Peninsulas in 
Maine: woody plant diversity, distance and 
environmental patterns.  Ecology 67, 967-974.  



BIBLIOGRAPHY 

HEDGEROW MANAGEMENT & WILDLIFE 96

Milsom, T.P., Ennis, D.C., Haskell, D.J., Langton, S.D. & 
McKay, H.V. (1998).  Design of grassland feeding 
areas for waders during winter: the relative 
importance of sward, landscape factors and human 
disturbance.  Biological Conservation 84(2), 119-129.  

Ministry of Agriculture, Fisheries and Food. (1976).  
Wildlife Conservation in Semi-natural Habitats on Farms.  
A survey of farmer attitudes and intentions in England and 
Wales.  HMSO.  

Ministry of Agriculture, Fisheries and Food. (1980).  
Managing Farm Hedges.  MAFF Leaflet 762.  London: 
HMSO.  

Ministry of Agriculture, Fisheries and Food. (1985).  
Survey of Environmental Topics on Farms.   London: 
MAFF. 

Ministry of Agriculture, Fisheries and Food. (1988).  Set-
aside.  Explanatory leaflets and guidelines SA 1-5. 
London: MAFF.  

Ministry of Agriculture, Fisheries and Food. (1989).  
Farm and Conservation Grant Scheme Handbook.   
London: MAFF. 

Ministry of Agriculture, Fisheries and Food. (1992).  
Conservation and Diversification Grants for Farmers.   
London: MAFF. 

Miotk, P. (1996).  The naturalised garden - A refuge for 
animals?  First results.  Zoologischer Anzeiger 235(1-2), 
101-106.  

Mitchell, P.L. (1989).  Repollarding large neglected 
pollards; a review of current practice and results.  
Arboricultural Journal 13, 125-142.  

Moles, R.T. & Breen, J. (1995).  Long-term change within 
lowland farmland bird communities in relation to 
field boundary attributes.  Biology and Environment 95, 
203-215.  

Montgomery, W.I. & Gurnell, J. (1985).  The behaviour 
of Apodemus. Symposium of the Zoological Society of London 
55, 89-115.  

Montgomery, W.I. & Dowie, M. (1993).  The distribution 
and population regulation of the wood mouse on 
field boundaries of pastoral farmland.  Journal of 
Applied Ecology 30, 783-791.  

Mooij, J.H. (1993).  Development and Management of 
Wintering Geese in the Lower Rhine Area of North 
Rhine, Estphalia, Germany.  Vogelwarte 37(1), 55-77.  

Moonen, C. (1995).  The Factors Influencing Field Margin 
Vegetation in Two Contrasted Agricultural Landscapes: 
Bocage & Polder.  Unpublished MS Thesis, University 
of Wageningen, Netherlands. 

Moonen, A.C. & Marshall, E.J.P. (2001).  The influence 
of sown margin strips, management and boundary 
structure on herbaceous field margin vegetation in 
two neighbouring farms in southern England.  
Agriculture, Ecosystems and Environment 86, 187-202. 

Moore, N.W. (1962).  The heaths of Dorset and their 
conservation.  Journal of Ecology 50, 369.  

Moore, N.W. (1968).  The conservation of animals. In 
M.D. Hooper & M.W. Holdgate (Eds.), Hedges and 
Hedgerow Trees.  Monks Wood Symposium No. 4.  
Abbots Ripton: The Nature Conservancy.  

Moore, N.W. & Hooper, M.D. (1975).  On the number 
of bird species in British woods.  Biological Conservation 
8, 239-250.  

Moore, N.W., Hooper, M.D. & Davis, B.N.K. (1967).  
Hedges.  I.  Introduction and reconnaissance studies.  
Journal of Applied Ecology 4, 210-220.  

Moorhouse, A. (1990).  Managing farm hedges.   In 
Fourth Report of TERF The Environment Research 
Fund: Farming and Conservation Management - Putting 
New Ideas into Practice (pp. 14-16).  Norwich: Inter 
Regional Group.  

Moreby, S.J. (1994).  The influence of field boundary 
structure on heteropteran densities within adjacent 
cereal fields.  In N. Boatman (Ed.), Field Margins: 
Integrating Agriculture and Conservation.  BCPC Monograph 
58, 117-121.  Farnham: British Crop Protection 
Council. 

Moreby, S.J. & Southway, S. (2001).  The importance of 
hedgerow field boundaries to densities of beneficial 
invertebrates in cereals.  In C. Barr & S. Petit (Eds.) 
Hedgerows of the World: their ecological functions in different 
landscapes (pp. 213-218).  IALE(UK).  

Morgan-Evans, D. (1994).  Hedges as historic artefacts. 
In T.A. Watt & G.P. Buckley (Eds.), Hedgerow 
Management and Nature Conservation (pp. 107-118). 
Ashford, Kent: Wye College Press.  

Morris, M.G. (1971).  The management of grassland for 
the conservation of invertebrate animals.  In E. 
Duffey & A.S. Watt (Eds.), The Scientific Management of 
Animal and Plant Communities for Conservation (pp. 527-
552).  Oxford: Blackwell Scientific Publications.  

Morris, M.G. & Plant, R. (1983).  Responses of grassland 
invertebrates to management by cutting.  V. Changes 
in Hemiptera following cessation of management.  
Journal of Applied Ecology 20, 157-177.  

Morris, M.G. & Rispin, W.E. (1988).  A beetle fauna of 
Oolitic limestone grassland and the responses of 
species to conservation management by different 
cutting regimes.  Biological Conservation 43, 97-105.  



BIBLIOGRAPHY 

HEDGEROW MANAGEMENT & WILDLIFE 97

Morris, M.G. & Webb, N.R. (1987).  The importance of 
field margins for the conservation of insects.  In J.M. 
Way & P.W. Greig-Smith (Eds.), Field Margins.  BCPC 
Monograph No. 35, 53-65. Thornton Heath: British 
Crop Protection Council.  

Morrison, J. (1980).  The influence of climate and soil on 
the yield of grass and its response to fertiliser, N.  In 
The Role of Nitrogen in Intensive Grassland Production.  
Wageningen, Netherlands: European Grassland 
Federation International Symposium.  

Morrison, J. & Idle, A.A. (1972).  A Pilot Study of 
Grassland in South East England.  Technical Report No. 
10.   Grassland Research Institute.  

Morvan, N., Delettre, Y.R., Trehen, P., Burel, R. & 
Baudry, J. (1994).  The distribution of Empidiae 
(Diptera) in hedgerow network landscapes.  In N. 
Boatman (Ed.), Field Margins: Integrating Agriculture and 
Conservation.  BCPC Monograph No. 58, 123-127.  
Farnham: British Crop Protection Council.  

Moss, S.R. (1980).  Some effects of burning cereal straw 
on seed viability, seedling establishment and control 
of Alopecurus myosuroides Huds.  Weed Research 20, 271-
286.  

Mountford, J.O., Parish, T. & Sparks, T.H. (1994).  The 
flora of field margins in relation to land use and 
boundary features.  In N. Boatman (Ed.), Field 
Margins: Integrating Agriculture and Conservation. BCPC 
Monograph No. 58.  Farnham: British Crop Protection 
Council.  

Muir, R. (1995).  Hedgerow ecology and the landscape 
historian.  Naturalist 120, 115-118.  

Muir, R. (1996).  Hedgerow dating: A critique.  Naturalist 
121, 59-64.  

Muir, R. & Muir, N. (1987).  Hedgerows: Their History and 
Wildlife.  London: Michael Joseph.  

Murray, R., Cooper, A. & McCann, T. (1992). 
Monitoring environmental change: A land 
classification approach.  In A. Cooper & P. Wilson 
(Eds.), Managing Land Use Change.  Coleraine: 
Geographical Society of Ireland. (Special Publication 
No. 7).  

Murton, R.K. & Westwood, N.J. (1974).  Some effects of 
agricultural change on the English avifauna.  British 
Birds 67, 41-69.  

Myers, S.C. & Ferree, D.C. (1983).  Influence of summer 
pruning and tree orientation on net photosynthesis, 
transpiration, shoot growth and dry weight 
distribution in young apple trees.  Journal of the 
American Society of Horticultural Science 108, 4-9.  

Naaim-Bouvet, F. & Mullenbach, P. (1998).  Hedges as 
snow barriers: An in situ experimental study.  Revue 
Forestiere Francaise (Nancy) 50(3), 263-276.  

Naiman, R.J. & Decamps, H. (1990).  The Ecology and 
Management of Aquatic Terrestrial Ecotones.  UNESCO: 
Parthenon Publishing.  

Nature Conservancy Council (1987).  Conservation and 
Extensification of Production: Implications and Opportunities 
for Nature Conservation.  Peterborough: Nature 
Conservancy Council.  

Nature Conservancy Council/Countryside Commission. 
(1989).  Management Options for Expanded Field Margins.  
(Leaflet).  

Neal, C. & Cheeseman, C. (1996).  Badgers.  London: T & 
D Poyser.  

Neal, J.W., Chittams, J.L. & Bentz, J.A. (1997).  Spring 
emergence by larvae of the eastern tent caterpillar 
(Lepidoptera: Lasiocampidae): a hedge against high-
risk conditions.  Annals of the Entomological Society of 
America 90(5), 596-603.  

Nicholls, A.O. (1989).  How to make biological surveys 
go further with generalised linear models.  Biological 
Conservation 50, 51-75.  

Nix, J. (2003).  Farm Management Pocketbook, 34th edition..  
London: Wye College. 

Norton, D.A., Hobbs, R.J. & Atkins, L. (1995).  
Fragmentation, disturbance, and plant distribution: 
mistletoes in woodland remnants in the western 
Australian wheatbelt.  Conservation Biology 9, 426.  

Nowakowski, J.A. (1991).  Trethellan Farm, Newquay: 
the excavation of a lowland Bronze Age settlement 
and Iron Age cemetery.  Cornish Archaeology 30, 5-242.  

Oakeley, S.F. & Jones, G. (1998).  Habitat around 
maternity roosts of the 55 kHz phonic type of 
pipistrelle bats (Pipistrellus pipistrellus).  Journal of Zoology 
245, 222-228.  

O’Connor, R.J. (1984).  The importance of hedges to 
songbirds.  In D. Jenkins (Ed.), Agriculture and the 
Environment (pp. 117-123).  Cambridge: Institute of 
Terrestrial Ecology.  

O’Connor, R.J. (1987).  Environmental interests of field 
margins for birds.  In J.M. Way & P.W. Greig-Smith 
(Eds.), Field Margins.  BCPC Monograph No. 35, 35-48.  
Thornton Heath: British Crop Protection Council.  

O’Connor, R.J. & Shrubb, M. (1986).  Farming and Birds. 
Cambridge: Cambridge University Press.  

Odderskaer, P. & Sell, H. (1993).  Survival of great tit 
Parus major nestlings in hedgerows exposed to a 
fungicide and an insecticide: a field experiment.  
Agriculture, Ecosystems and Environment 45(3-4), 181-
193.  



BIBLIOGRAPHY 

HEDGEROW MANAGEMENT & WILDLIFE 98

Oliver-Bellasis, H.R. & Sotherton, N.W. (1986).  The 
cereals and gamebirds research project: an 
independent viewpoint.  1986 British Crop Protection 
Conference: Pests and Diseases.  Proceedings Conference, 
Brighton, UK, November 17-20, 1986.  Vol. 3, 1225-
1233. Thornton Heath: British Crop Protection 
Council 

Opdam, P., Rijsdijk, G. & Hustings, F. (1985).  Bird 
communities in small woods in an agricultural 
landscape: effects of area and isolation.  Biological 
Conservation 34, 333-352.  

Opdam, P.J. (1991).  Metapopulation theory and habitat 
fragmentation: a review of holarctic breeding bird 
studies.  Landscape Ecology 5, 93-106.  

Oreszczyn, S. (1999).  Participative Approaches to Hedgerow 
Conservation.  PhD thesis, The Open University, 
Milton Keynes. 

Oreszczyn, S. (2000).  A systems approach to the 
research of people’s relationships with English 
hedgerows.  Landscape and Urban Planning 50(1-3), 107-
117. 

Oreszczyn, S. & Lane, A.B. (1999).  How hedgerows and 
field margins are perceived by different interest 
groups.  Aspects of Applied Biology 54, 29-36. 

Oreszczyn, S. & Lane, A. (2000).  The meaning of 
hedgerows in the English landscape: different 
stakeholder perspectives and the implications for 
future hedge management.  Journal of Environmental 
Management 60, 101-118. 

Osborn, A. (1987).  Management for conservation of 
wildlife: Farming and Wildlife Advisory Group 
(FWAG) experience.  In J.M. Way & P.W. Greig-
Smith (Eds.), Field Margins.  BCPC Monograph No. 35, 
105-108.  Thornton Heath: British Crop Protection 
Council.  

Osborne, J.L., Clark, S.J., Morris, R.J., Williams, I.H., 
Riley, J.R., Smith, A.D., Reynolds, D.R.. & Edwards, 
A.S. (1999).  A landscape-scale study of bumble bee 
foraging range and constancy, using harmonic radar.  
Journal of Applied Ecology 36(4), 519-533. 

Osborne, P. (1982).  Some effects of Dutch Elm disease 
on nesting farmland birds.  Bird Study 29, 2-16. 

Osborne, P. (1983).  The influence of Dutch Elm disease 
on bird population trends.  Bird Study 30, 27-38.  

Osborne, P.J. (1984).  Bird numbers and habitat 
characteristics in farmland hedgerows.  Journal of 
Applied Ecology 21, 63-82.  

Ouborg, N. J. (1993).  Isolation, population size and 
extinction: the classical and metapopulation 
approaches applied to vascular plants along the 
Dutch Rhine System.  Oikos 66, 298.  

Ouin, A. & Burel, F. (2002).  Influence of herbaceous 
elements on butterfly diversity in hedgerow 
agricultural landscapes.  Agriculture, Ecosystems and 
Environment 93(1-3), 45-53. 

Paillat, G. & Butet, A. (1996).  Spatial dynamics of the 
bank vole (Clethrionomys glareolus) in a fragmented 
landscape.  Acta Oecologica-International Journal of Ecology 
17, 553-559.  

Palmer, S.C.F. (1998).  Landscape Features associated with the 
Distribution and Abundance of Deer in Lowland England.  
Unpublished report to MAFF.  Institute of Terrestrial 
Ecology, Banchory. 

Paoletti, M.G., Boscolo, P. & Sommaggio, D. (1997).  
Beneficial insects in fields surrounded by hedgerows 
in north eastern Italy.  Biological Agriculture and 
Horticulture 15(1-4), 353-357.  

Paoletti, M.G. & Pimental, D. (1992).  Biotic diversity in 
agro-ecosystems.  Proceedings from symposium Padova, 
Italy, 1990.  Reprinted from Agriculture, Ecosystems and 
Environment Vol. 40(1-4).  Elsevier.  

Papazian, M. (1994).  The influence of wind on the 
behavior of Odonata.  Entomologiste (Paris) 50(2), 89-
98.  

Parish, T. & Harris, G.L. (1991).  Swavesey Project.  
Milestone (j).  An examination of farmer/neighbour attitudes 
in a qualitative assessment of the distribution of hedge types.  
Report to the Ministry of Agriculture, Fisheries and 
Food.  

Parish, T., Lakhani, K.H. & Sparks, T.H. (1994a).  
Modelling the relationship between bird population 
variables and hedgerow and other field margin 
attributes.  I. Species richness of winter, summer and 
breeding birds.  Journal of Applied Ecology 31, 764.  

Parish, T., Lakhani, K.H. & Sparks, T.H. (1995).  
Modelling the relationship between bird population 
variables and hedgerow, and other field margin 
attributes.  II. Abundance of individual species and of 
groups of similar species.  Journal of Applied Ecology 32, 
362-371.  

Parish, T., Sparks, T.H. & Lakhani, K.H. (1994b).  
Models relating bird species diversity and abundance 
to field boundary characteristics.  In T.A. Watt & 
G.P. Buckley (Eds.), Hedgerow Management and Nature 
Conservation (pp. 58-79). Ashford, Kent: Wye College 
Press.  

Parr, T.W. & Way, J.M. (1988).  Management of roadside 
vegetation: the long-term effects of cutting.  Journal of 
Applied Ecology 25, 1073-1087.  

Parrington, M. (1978).  The excavation of an Iron Age 
settlement, Bronze Age ring-ditches and Roman 
features at Ashville Trading Estate, Abingdon 
(Oxfordshire) 1974-76.  Council for British Archaeology 
Research Report 28.  



BIBLIOGRAPHY 

HEDGEROW MANAGEMENT & WILDLIFE 99

Parslow, J.L.F. (1969).  Breeding Birds of Hedges.  Report 
1966-68.  Monks Wood Experimental Station. 

Partridge, J. (1999).  The Anglesey Hedgerow and Field Boundary 
Survey.  Report to Anglesey County Council and the 
Countryside Council for Wales. 

Peay, S. (1990).  Managing field boundaries. Fourth 
report of TERF The Environment Research Fund: 
Farming and Conservation Management - Putting New Ideas 
into Practice (pp. 12-14).  Norwich: Inter Regional 
Group.  

Peccol, E., Bird, A.C. & Brewer, T.R. (1996).  GIS as a 
tool for assessing the influence of countryside 
designations and planning policies on landscape 
change.  Journal of Environmental Management 47(4), 
355-367.  

Peng, R., Sutton, S.L. & Fletcher, C.R. (1994).  
Distribution patterns of some species of Scatopsidae 
(Insecta, Diptera) and the effect of microclimate on 
their flight activity.  Journal of Zoology 232(4), 585-594.  

Peng, R.K., Sutton, S.L. & Fletcher, C.R. (1992).  Spatial 
and temporal distribution patterns of flying Diptera.  
Journal of Zoology (London) 228, 329-340.  

Pergher, G. & Gubiani, R. (1995).  The effect of spray 
application rate and air-flow rate on foliar deposition 
in a hedgerow vineyard.  Journal of Agricultural 
Engineering Research 61(3), 205-216.  

Peterken, G.F. (1974).  A method of assessing woodland 
flora for conservation using indicator species.  
Biological Conservation 6, 239-245.  

Peterken, G.F. & Allison, H. (1989).  Woods, Trees and 
Hedges: A Review of Changes in the British Countryside.   
Focus on Nature Conservation No. 22.  Peterborough: 
Nature Conservancy Council. 

Peterken, G.F. & Game, M. (1981).  Historical factors 
affecting the distribution of Mercurialis perennis in 
central Lancashire.  Journal of Ecology 69, 781-796.  

Petit, S. (1994a).  Diffusion of forest carabid beetles in 
hedgerow network landscapes.  In K. Desender et al. 
(Eds.), Carabid Beetles: Ecology and Evolution.  Series 
Entomologica (Dordrecht), Vol. 51, 337-341.   
Proceedings 8th European Carabidologists’ Meeting, 
Louvain, Belgium, September 10-14, 1992.  xii + 
474p. Dordrecht, Netherlands/Norwell, 
Massachusetts, USA: Kluwer Academic Publishers.  

Petit, S. (1994b).  Diffustion des Populations dans un Paysage 
en Reseaux: Etude au niveau des Populations et des 
Metapopulations.  Unpublished Phd Dissertation. 
University of Rennes, France. 

Petit, S. & Burel, F. (1993). Movement in Abax ater (Col., 
Carabidae): Do forest species survive in hedgerow 
networks? Vie et Milieu 43(2-3), 119-124.  

Petit, S. and Burel, F. (1997). The effects of spatial 
isolation on the distribution of forest carabid beetles 
in a hedgerow network landscape. Ecologia 
Mediterranea 23(1-2), 27-36. 

Petit, S. & Burel, F. (1998a). Connectivity in fragmented 
populations: Abax parallelepipedus in a hedgerow 
network landscape. Comptes Rendus de l’Academie des 
Sciences Serie III-Sciences de la Vie-Life Sciences 321(1), 55-
61.  

Petit, S. & Burel, F. (1998b). Effects of landscape 
dynamics on the metapopulation of a ground beetle 
(Coleoptera, Carabidae) in a hedgerow network. 
Agriculture, Ecosystems and Environment 69, 243-252.  

Petit, S., Stuart, R.C., Gillespie, M.K. & Barr, C.J. (2001).  
Woody field boundaries in Great Britain: stock and 
change between 1990 and 1998.  In C. Barr & S. 
Petit. (Eds.) Hedgerows of the World: their ecological 
functions in different landscapes (pp. 111-116).  IALE 
(UK). 

Petit, S. & Usher, M.B. (1998). Biodiversity in agricultural 
landscapes: the ground beetle communities of woody 
uncultivated habitats.  Biodiversity & Conservation 7(12), 
1549-1561. 

Petrak, M. (1992). Red Deer (Cervus elaphus Linne 1758) 
as a cultivating factor in the maintenance of poor 
meadows (Arnicetum montanae Schw. 1944 meo 
Festucetum) in the Northwest Eifel. Z Jagdwiss 38(4), 
221-234.  

Pitman, R.J. (1988). The natural history of deer. London: 
Christopher Helm.  

Plat, S., Kuivenhoven, P. & Van Dijk, T.S. (1995). 
Hedgerows: Suitable corridors for ground dwelling 
forest carabid beetles. Sommeijer, M.J. and P.J. 
Francke (Ed.). Proceedings of the Section Experimental and 
Applied Entomology of the Netherlands Entomological Society 
(N.E.V.), Vol. 6; Sixth Meeting, Amsterdam, 
Netherlands, December 16, 1994.  vii + 215p.  
Netherlands Entomological Society: Amsterdam, 
Netherlands. 6, 73-75.  

Plesner Jensen, S. (1992). Temporal changes in food 
preferences of Wood mice (Apodemus sylvaticus L.). 
Oecologia 94, 76-82.  

Plesner Jensen, S. (1993). Ecology and behaviour of small 
mammals on expanded field margins.  D. Phil Thesis, 
University of Oxford. 

Pollard, E. (1968a). Biological effects of shelter - 
interrelations between hedge and crop invertebrate 
faunas. In M.D. Hooper & M.W. Holdgate (Eds.), 
Hedges and hedgerow trees (pp. 39-46). Monks Wood 
Symposium 4). 

Pollard, E. (1968b). Hedges.  II. The Effect of removal 
of the bottom flora of a hawthorn hedgerow on the 
fauna of the hawthorn. Journal of Applied Ecology 5, 
109-123.  



BIBLIOGRAPHY 

HEDGEROW MANAGEMENT & WILDLIFE 100

Pollard, E. (1968c). Hedges.  III. The effect of removal 
of the bottom flora of hawthorn hedgerow on the 
Carabidae of the hawthorn. Journal of Applied Ecology 5, 
125-139.  

Pollard, E. (1968d). Hedges.  IV. A comparison between 
the Carabidae of a hedge and a field site and those of 
a woodland glade. Journal of Applied Ecology 5, 649-657.  

Pollard, E. (1971). Hedges.  VI. Habitat diversity and 
crop pests: a study of Brevicoryne brasicae and its 
syrphid predators. Journal of Applied Ecology 8, 751-780.  

Pollard, E. (1973). Hedges.  VII. Woodland relic hedges 
in Huntingdon and Peterborough. Journal of Ecology 61, 
343-352.  

Pollard, E., Hooper, M.D. & Moore, N.W. (1974). 
Hedges. London: W Collins & Sons.  

Pollard, E. & Relton, J. (1970). Hedges.  V. A study of 
the small mammals in hedges and cultivated fields. 
Journal of Applied Ecology 7, 549-557.  

Poore, M.E.D. (1968). Hedges and hedgerow trees. Paper 
presented at the (Proceedings of Monks Wood 
Symposium No.4, November 1968). 

Porter, V. (1990). Small woods and hedgerows. 
Harmondsworth UK: Pelham Books.  

Pott, R. (1987 (1989)). Development of hedges in the 
rural landscape of northwestern Germany. Schaefer, 
M. (Ed.). Verhandlungen Gesellschaft Fuer 
Oekologie, Band 17; Proceedings of the Society for Ecology, 
Vol. 17); 17th Annual Meeting of the Gesellschaft 
fuer Oekologie (Society for Ecology), Goettingen, 
Germany, September 27-October 3, 1987.  834p.  
Gesellschaft fuer Oekologie: Goettingen, Germany., 
663-670.  

Potts, G.R. (1980). The effects of modern agriculture 
nest prediction and game management on the 
population ecology of partridges (Perdix perdix and 
Alectoris fuga). Advances in Ecological Research 11, 1-82.  

Potts, G.R. (1984). Monitoring changes in the cereal 
ecosystem. In D. Jenkins (Ed.), Agriculture and the 
Environment (pp. 128-134). Cambridge: Institute of 
Terrestrial Ecology.  

Potts, G.R. (1986). The Partridge: pesticides, predation 
and conservation. London: Collins.  

Poulton, S.M.C. (1994).  Small mammal populations in 
hedgerows: the relationship with seed and berry 
production.  In N. Boatman (Ed.), Field Margins: 
Integrating Agriculture and Conservation.  BCPC Monograph 
No. 58, 133-138.  Farnham: British Crop Protection 
Council.  

Prestt, I. (1971). An ecological study of the viper (Vipera 
berus) in southern Britain. Journal of Zoology 164, 373-
418.  

Prestt, I., Cooke, A.S. & Corbett, K.F. (1974). British 
amphibians and reptiles. In D.L. Hawkesworth (Ed.), 
The changing flora and fauna of Britain. (pp. 229-254). 
London: Academic Press.  

Pulliam, H.R. (1988). Sources, sinks and population 
regulation. Am. Nat. 132, 652.  

Putman, R.J. (1988). The natural history of deer. London: 
Christopher Helm.  

Rackham, O. (1976).  Trees and Woodland in the British 
Landscape.  London: Dent.  

Rackham, O. (1980).  Ancient Woodland: its History, 
Vegetation and Uses in England.  London: Edward 
Arnold.  

Rackham, O. (1986).  The History of the Countryside.  
London/Melbourne: J.M. Dent & Sons.  

Rackham, O. (1990).  Trees and Woodland in the British 
Landscape.  2nd Edition.  London: J.M. Dent Ltd. 

Rands, M.R.W. (1986a).  The effect of hedgerow 
characteristics on partridge breeding densities.  Journal 
of Applied Ecology 23, 479-487.  

Rands, M.R.W. (1986b).  The survival of gamebird 
(Galliformes) chicks in relation to pesticide use on 
cereals.  Ibis 128, 57-64.  

Rands, M.R.W. (1987).  Hedgerow management for the 
conservation of partridges (Perdix perdix and Alectoris 
rufa).  Biological Conservation 40, 127-139.  

Rands, M.R.W. (1988).  The effect of nest site selection 
on nest predation in Grey partridge (Perdix perdix) and 
Red-legged partridge (Alectoris rufa).  Ornis Scandinavica 
19, 35-40.  

Rands, M.R.W. & Sotherton, N.W. (1986).  Pesticide use 
on cereal crops and changes in the abundance of 
butterflies on arable farmland.  Biological Conservation 
36, 71-83.  

Rands, M.R.W. & Sotherton, N.W. (1987).  The 
management of field margins for the conservation of 
gamebirds. In J.M. Way & P.W. Greig-Smith (Eds.), 
Field Margins.  BCPC Monograph No. 35, 95-104.  
Thornton Heath: British Crop Protection Council.  

Ransome, R.D. (1996).  The Management of Feeding Areas for 
Greater Horseshoe Bats.  English Nature Research 
Report No. 174. 

Ratcliffe, D.A. (1977).  A Nature Conservation Review.  Vols. 
I and II.  Cambridge: Cambridge University Press.  

Read, R.A. (1964).  Tree Windbreak for the Central Great 
Plains.  Agriculture Handbook No. 250.  Washington 
DC: U.S. Department of Agriculture.  

Readett, R.C., Hawkes, J.G. & Cadbury, D.A. (1965).  
Check list of the vascular plants of Warwickshire.  
Proceedings Birmingham Natural History Society 20, 1-44.  



BIBLIOGRAPHY 

HEDGEROW MANAGEMENT & WILDLIFE 101

Reddy, G.V.N. & Reddy, M.R. (1993).  Utilisation of non 
conventional forages by rabbits.  Indian Journal of 
Animal Nutrition 10(3), 147-151.  

Rees, S.E. (1979).  Agricultural Implements in Prehistoric and 
Roman Britain.  British Archaeological Reports 69.  

Reidel, W. (1995).  Spatial distribution of hibernating 
polyphagous predators within field boundaries.  In S. 
Tofts & W. Reidel (Eds.), Acta Jutlandica Natural 
Science Series 9, 221-226.  

Reif, A. (1987 (1989)).  Hedgerows in northern Bavaria 
abiotic habitat factors and management.  In M. 
Schaefer (Ed.).  Verhandlungen Gesellschaft für Oekologie 
17 (Proceedings of the Society for Ecology, Vol. 17), 657-662.  
17th Annual Meeting of the Gesellschaft für 
Oekologie (Society for Ecology), Goettingen, 
Germany, September 27-October 3, 1987.   
Goettingen, Germany: Gesellschaft fuer Oekologie.  
834 pp. 

Reif, A., Bazin, P., Degmair, J., Tourret, V., Schmutz, T. 
& Walentowski, H. (2001).  Planting and maintaining 
hedges in Europe.  In C. Barr & S. Petit (Eds) 
Hedgerows of the World: their ecological functions in different 
landscapes (pp. 289-297).  IALE (UK).  

Reif, A. & Schmutz, T. (2001). Planting and Maintaining 
Hedges in Europe.  Paris: Institut Pour le 
Développement Forestier (IDF).  

Reinke, H.D. & Irmler, U. (1994).  Arachnid fauna 
(Araneae) of Schleswig-Holstein on ground and 
close-to ground vegetation.  Faunistisch-Oekologische 
Mitteilungen Supplement 17, 1-147.  

Rew, L.J., Froud-Williams, R.J. & Boatman, N.D. (1996).  
Dispersal of Bromus sterilis and Anthriscus sylvestris seed 
within arable field margins.  Agriculture, Ecosystems and 
Environment 59(1-2), 107-114.  

Reynolds, J.C., Dowell, S.D.D., Brockless, M.H., Blake, 
K. & Boatman, N.D. (1992).  Tracking partridge 
predation.  The Game Conservancy Review of 1991 23, 60-
62.  

Rich, T.C.G. & Clements D.K. (1997).  Hedgerow Survey 
Handbook NVC.  16 pp.  Peterborough: English 
Nature. 

Rich, T.C.G., Clements, D.K., Lewis, J. & Moore, L. 
(2000).  A comparison of four methods used to 
survey hedgerows: the Cardiff Hedgerow Survey 
1998.  Journal of Environmental Management 60, 91-100. 

Richards, P.W.N. (1928).  Ecological notes on the 
bryophytes of Middlesex.  Journal of Ecology 16, 267.  

Riddington, R. & Gosler, A.G. (1995).  Differences in 
reproductive success and parental qualities between 
habitats in the great tits Parus major.  Ibis 137 (3), 371-
378.  

Rieux, R., Simon, S.& Defrance, H. (1999).  Role of 
hedgerows and ground cover management on 
arthropod populations in pear orchards.  Agriculture, 
Ecosystems and Environment 73(2), 119-127. 

Risser, P.G., Karr, J.R. & Forman, R.T.T. (1983).  
Landscape Ecology: Directions and Approaches.  

Roberts, H.A. (1968).  The changing population of viable 
weed seeds in an arable soil.  Weed Research 8, 253-256.  

Roberts, H.A. (1981).  Seed banks in soils.  Advances in 
Applied Biology 6, 1-55.  

Roberts, H.A. & Dawkins, P.A. (1967).  Effect of 
cultivation on the number of viable weed seeds in 
soil.  Weed Research 7, 290-301.  

Roberts, H.A. & Feast, P.M. (1973).  Emergence and 
longevity of seeds of annual weeds in cultivated and 
undisturbed soil.  Journal of Applied Ecology 10, 133-
143.  

Robinson, D.H. (Ed.) (1949).  Fream’s Elements of 
Agriculture.  13th Edition.  London: John Murray. 

Robinson, D.H. (1972).  Fream’s Elements of Agriculture.  
15th Edition.  London: John Murray. 

Robinson, M. (1978).  The problem of hedges enclosing 
Roman and earlier fields.  Early land allotment in the 
British Isles.  In H.C. Bowen & P.J. Fowler (Eds.), 
British Archaeological Reports 48, 155-158.  

Robinson, M.F. & Stebbings, R.E. (1997).  Home range 
and habitat use by the serotine bat, Eptesicus serotinus, 
in England.  Journal of Zoology (London) 243(1), 117-
136.  

Rodriguez, O.S. (1997).  Hedgerows and mulch as soil 
conservation measures evaluated under field 
simulated rainfall.  Soil Technology 11(1), 79-93.  

Roebuck, J.F. (1987).  Agricultural problems of weeds in 
the crop headland.  In J.M. Way & P.. Greig-Smith 
(Eds.), Field Margins.  BCPC Monograph No. 35, 11-22.  
Thornton Heath: British Crop Protection Council.  

Roseman, J. (1991).  An archaeological study of field and 
parish boundaries in North Newnton.  Wiltshire 
Archaeological and Natural History Magazine 84, 71-82.  

Rothery, F. (1992).  Hoverfly foraging on hedgerow 
flowers. Proceedings Institute of Biological Control 
Conference, Rennes.  IOBC/ WPRS Bulletin No. 5. 

Rothery, F. (1994).  Management of hedgerow vegetation 
for weed control and enhancement of beneficial 
insects.  In T.A. Watt & G.P. Buckley (Eds.) Hedgerow 
Management and Nature Conservation (p. 159). Ashford, 
Kent: Wye College Press. (Abstract).  

Rowe, F.B. & Taylor, E.J. (1964).  The numbers of 
harvest mice (Micromys minutus) in corn ricks.  
Proceedings of the Zoological Society, London 142, 181-185.  



BIBLIOGRAPHY 

HEDGEROW MANAGEMENT & WILDLIFE 102

Royal Society for the Protection of Birds (1988).  
Hedgerows: Still a Cause for Concern.  Conservation 
Review No. 2.  Sandy, Bedfordshire: Royal Society 
for the Protection of Birds. 

Rudge, M.R. (1968).  The food of the common shrew 
Sorex araneus L (Insecticora, Soricidae) in Britain.  
Journal of Animal Ecology 37, 565-581.  

Salveter, R. (1998).  Habitat use of adult syrphid flies 
(Diptera: Syrphidae) in a highly diversified agricultural 
landscape.  Mitteilungen der Schweizerischen 
Entomologischen Gesellschaft 71(1-2), 49-71.  

Samu, F., Matthews, G.A., Lake, D. & Vollrath, F. 
(1992).  Spider webs are efficient collectors of 
agrochemical spray.  Pesticide Science 36 (1), 47-51.  

Sarlöv Herlin, I. (2001).  How can an understanding of 
dispersal processes for woody species contribute to 
the establishment and management of hedgerows?  In 
C. Barr & S. Petit (Eds) Hedgerows of the World: their 
ecological functions in different landscapes (pp. 147-156).  
IALE(UK). 

Saunders, D.A. & de Ribeira, C.P. (1991).  Values of 
corridors to avian populations in a fragmented 
landscape.  In D.A. Saunders & R.J. Hobbs (Eds.), 
Nature Conservation 2: The Role of Corridors (pp. 221).  
Chipping Norton, Australia: Surrey Beatty & Sons.  

Saunders, D.A. & Hobbs, R.J. (Eds.) (1991).  Nature 
Conservation 2: The Role of Corridors.  Chipping Norton, 
Australia: Surrey Beatty & Sons.  

Saunders, D.A., Hobbs, R.J. & Margules, C.R. (1991). 
Biological consequences of ecosystem fragmentation: 
a review.  Conservation Biology 5, 18.  

Scheurig, M., Hohner, W., Weick, D., Brechtel, F. & 
Beck, L. (1996).  Carabid communities of forests in 
SW-Germany (Coleoptera, Carabidae).  Carolinea 54, 
91-138.  

Schmutz, T. (1994 (1995)).  The essential role of 
institutions in the future of hedges.  Revue Forestiere 
Francaise (Nancy) 46 (Special Issue), 125-129.  

Schneider, F. (1969).  Bionomics and physiology of 
aphidiphagous Syrphidae.  Annual Review of Entomology 
14, 103-124.  

Schneider, J.M. & Elgar, M.A. (1998).  Spiders hedge 
genetic bets.  Trends in Ecology and Evolution 13(6), 218-
219.  

Schreiber, H. (1988).  Connectivity in landscape ecology. 
Munster. Geogr. Arb. 29, 225.  

Schulze, E.-D. & Gerstberger, P. (1993).  Functional 
aspects of landscape diversity:  A Bavaria example.  
In E.-D. Schulze & H.A. Mooney (Eds.), Biodiversity 
and Ecosystem Function Ecological Studies Vol. 99.  

Scott, J. (1883).  Farm Roads, Fences and Gates.  London: 
Crosby Lockwood.  

Semple, D., Bishop, C. & Morris, J. (1995).  The Economics 
of Sustainable Hedge Cutting.  Report to the Devon 
Hedge Group. 

Semple, D.A., Bishop, E.C. & Morris, J. (1994a).  An 
economic analysis of farm hedgerow management.  
In N. Boatman (Ed.), Field Margins: Integrating 
Agriculture and Conservation.  BCPC Monograph No. 58,  
161-166.  Farnham: British Crop Protection Council.  

Semple, D.A., Dyson, J. & Godwin, R.J. (1994b).  Effects 
of mechanised cutting on the short term regrowth of 
hawthorn hedgerows.  In N. Boatman (Ed.), Field 
Margins: Integrating Agriculture and Conservation.  BCPC 
Monograph No. 58, 235-240.  Farnham: British Crop 
Protection Council. 

Shalaway, S.D. (1985).  Fencerow management for 
nesting birds in Michigan.  Wildlife Society Bulletin 13, 
302-306.  

Shannon, D.A., Isaac, L. & Brockman, F.E. (1997).  
Assessment of hedgerow species for seed size, stand 
establishment and seedling height.  Agroforestry Systems 
35 (1), 95-110.  

Shawyer, C.R. (1987).  The Barn Owl in the British Isles.  
London: Hawk Trust.  

Shepherd, F.W., Hooper, M.D. & Holdgate, M.W. 
(1968).  Hedges and hedgerow trees.  Proceedings of 
Monks Wood Symposium No. 4.  Abbots Ripton: Nature 
Conservancy.  

Shore, R.F., Feber, R.E., Firbank, L.G., Fishwick, S.K., 
MacDonald, D.W. & Norum, U. (1997).  The impacts 
of molluscicide pellets on spring and autumn 
populations of wood mice Apodemus sylvaticus.  
Agriculture, Ecosystems and Environment 64, 211-217.  

Shrubb, M. (1980).  Farming influences on the food and 
hunting of kestrels.  Bird Study 27, 109-115.  

Shrubb, M. (1993).  Nest sites in the Kestrel Falco 
tinnunculus.  Bird Study 40, 63-73.  

Shugart, H. (1984).  A Theory of Forest Dynamics. Springer 
Verlag.  

Simpson, E.H. (1949).  Measurement of diversity.  Nature 
163, 688.  

Skinner, C.A. & Skinner, P.J. (1988).  Food of badgers 
(Meles meles) in an arable area of Essex.  Journal of 
Zoology 215, 360-362.  

Skinner, C.A. & Skinner, P.J. (1991).  The past history 
and recent decline of badgers (Meles meles) in Essex: 
an analysis of some of the contributory factors.  
Mammal Review 21, 67-80.  

Slade, L., Wild, R. & Wilder, J. (1990).  “Dauntsey 
Experiment”.  An investigation into the effect of 
hedgerow management techniques on various 
components of hedgerow wildlife.  (Unpublished).  
Wiltshire Farming and Wildlife Advisory Group.  



BIBLIOGRAPHY 

HEDGEROW MANAGEMENT & WILDLIFE 103

Smart, S.M., Bunce, R.G.H. & Stuart, R.C. (2001).  An 
assessment of the potential of British hedges to act as 
corridors and refuges for Ancient Woodland 
indicator plants.  In C. Barr & S. Petit (Eds) Hedgerows 
of the World: their ecological functions in different landscapes 
(pp. 137-146).  IALE(UK). 

Smart, S.M., Bunce, R.G.H., Firbank, L.G., Coward, P. 
(2002).  Do field boundaries act as refugia for 
grassland plant species diversity in intensively 
managed agricultural landscapes in Britain?  
Agriculture, Ecosystems and Environment 91, 73-87. 

Smith, A. (1986).  Endangered Species of Disturbed Habitats.  
CSD Report No. 644.  Peterborough: Nature 
Conservancy Council. 

Smith, H., Feber, R.E., Johnson, P.J., McCallum, K., 
Jensen, S.P., Younes, M. & Macdonald, D.W. (1993).  
The Conservation Management of Arable Field Margins.   
English Nature Science No.18. Peterborough: English 
Nature. 

Smith, H. & Macdonald, D.W. (1989).  Secondary 
succession on extended arable fields margins: its 
manipulation for wildlife benefits and weed control.  
Brighton Crop Protection Conference: Weeds, Vols. 1-3.  
Proceedings International Conference, Brighton, UK, 
November 17-20, 1989.  Vol. 3, 1063-1068.  
Thornton Heath: British Crop Protection Council.  

Smith, H. & Macdonald, D.W. (1992).  The impacts of 
mowing and sowing on weed populations and species 
richness in field margin set-aside.  In J. Clarke (Ed.), 
Set-aside.  BCPC Monograph No. 50, 117-122.  Farnham: 
British Crop Protection Council.  

Smith, K.E. & Wall, R. (1997).  The use of carrion as 
breeding sites by the blowfly Lucilia sericata and other 
Calliphoridae.  Medical and Veterinary Entomology 11(1), 
38-44.  

Smith, M. (1971).  The British Amphibians and Reptiles. 
London: Collins.  

Smith, M. & Scholten, H. (1980).  Planting Trees of 
Farmstead Shelter.  Minneapolis: University of 
Minnesota.  

Smith, T.M. & Urban, D.L. (1988).  Scale and resolution 
of forest structural pattern.  Vegetatio 74, 143-150.  

Snow, B. & Snow, D. (1988).  Birds and berries.  Carlton: T 
& A D Poyser.  

Sohler, S. (1996).  Small mammals in field hedges in the 
region of Peine, Lower Saxony, Germany, with 
special respect to the Apodemus species.  Braunschweiger 
Naturkundliche Schriften 5(1), 1-13.  

Solbrig, O.T. (1991).  Biodiversity, Scientific Issues and 
Collaborative Research Proposals.  Paris: MAB, 
UNESCO, SCOPE.  

Soltner, D. (1978).  L’arbre et la haie.  Collection Sciences et 
Techniques Agricoles. 

Sommaggio, D., Paoletti, M.G. & Ragusa, S. (1995).  The 
effects of microhabitat conditions, nutrients and 
predators on the abundance of herbivores on stinging 
nettles (Urtica dioica L.).  Acta Oecologica -International 
Journal of Ecology 16 (6), 671-686.  

Soper, M.H.R. & Carter, E.S. (1991).  Farmer and the 
Countryside.  Ipswich: Farming Press Books.  

Sotherton, N.W. (1982). Effects of herbicides on the 
chrysomelid beetle Gastrophysa polygoni (L.) in 
laboratory and field. Zeitschrift fur angewandte 
Entomologie 94, 446-451.  

Sotherton, N.W. (1984).  The distribution and abundance 
of predatory arthropods overwintering on farmland.  
Annals of Applied Biology 105, 423-429.  

Sotherton, N.W. (1985).  The distribution and abundance 
of predatory arthropods overwintering in field 
boundaries.  Annals of Applied Biology 106, 17-21.  

Sotherton, N.W. (1987).  The Cereals and Gamebirds 
Research Project 1984-1987: A brief resume.  
Proceedings and Transactions of the British Entomological and 
Natural History Society 20, 137-139.  

Sotherton, N.W. & Rands, M.R.W. (1987).  The 
environmental interest of field margins to game and 
other wildlife: a Game Conservancy view.  In J.M. 
Way & P.W. Greig-Smith (Eds.), Field Margins.  BCPC 
Monograph No. 35, 67-75. Thornton Heath: British 
Crop Protection Council.  

Sotherton, N.W., Rands, M.R.W. & Moreby, S.J. (1985).  
Comparison of herbicide treated and untreated 
headlands on the survival of game and wildlife., 
Brighton Crop Protection Conference: Weeds, Vols. 1-3.  
Proceedings International Conference, Brighton, UK, 
November 1985.  Vol. 3, 991-998.   Thornton Heath: 
British Crop Protection Council. 

Sotherton, N.W., Wratten, S.D., Price, S.B. & White, R.J. 
(1981).  Aspects of hedge management and their 
effects on hedgerow fauna.  Zeitschrift fur angewandte 
entomologie 92, 425-432.  

Southern, H.M. & Lowe, V.P.R. (1968).  The pattern and 
distribution of prey and predation in Tawny owl 
territories.  Journal of Animal Ecology 37, 75-97.  

Southern, H.N. & Laurie, E.M.O. (1946).  The House 
mouse (Mus musculus) in corn ricks.  Journal of Animal 
Ecology 15, 135-149.  

Southwood, T.R.E. (1961).  The number of insects 
associated with various trees.  Journal of Animal Ecology 
30, 1-8. 

Southwood, T.R.E. (1962).  Migration of terrestrial 
arthropods in relation to habitat.  Biological Reviews 37, 
171-214.  

Southwood, T.R.E. (1978).  Ecological Methods with 
Particular Reference to the Study of Insect Populations.  
Chapman and Hall.  



BIBLIOGRAPHY 

HEDGEROW MANAGEMENT & WILDLIFE 104

Sparkes, D.L., Jaggard, K.W., Ramsden, S.J. & Scott, 
R.K. (1998).  The effect of field margins on the yield 
of sugar beet and cereal crops.  Annals of Applied 
Biology 132(1), 129-142.  

Sparkes, D.L., Scott, R.K. & Jaggard, K. (1994).  The 
case for headland set-aside.  In N. Boatman (Ed.), 
Field Margins: Integrating Agriculture and Conservation.  
BCPC Monograph No. 58, 265-270.  Farnham: British 
Crop Protection Council.  

Sparks, T.H. & Anderson, B. (1999).  The benefit of 
hedgerow shelter to butterflies: a case study of a 
Norfolk green lane.  In D. McCollin (Ed.), Hedgerow 
Conservation: Policy, Protection and Evaluation.  Abstracts  
of papers presented at a conference at University 
College, Northampton, UK, July 21, 1999. 

Sparks, T.H., Bellamy, P.E., Eversham, B.C. Greatorex-
Davies, J.N., Hinsley, S.A., Jones, S.M. & Mountford, 
J.O. (1996).  The effects of hedge management 
treatments on the wildlife of a Cambridgeshire 
hedgerow.  Aspects of Applied Biology 44, 277-284. 

Sparks, T.H., Elston, D.A. & Potts, J.M. (1999).  
Researching the optimality of hedgerow statistics for England 
and Wales for  the Countryside Survey.  Contract Report 
to the Ministry of Agriculture, Fisheries and Food.  
Huntingdon: Institute of Terrestrial Ecology. 

Sparks, T.H., Hann, J.P. & Greatorex-Davies, J.N. 
(1999).  The influence of field margin structure on 
butterflies.  Aspects of Applied Biology 54, 235-240. 

Sparks, T.H. & Martin, T. (1999).  Yields of hawthorn 
Crataegus monogyna berries under different hedgerow 
management.  Agriculture, Ecosystems and Environment, 
72, 107-110.  

Sparks, T.M., Meek, W.R., Mountford, J.O., Pywell, R.F. 
& Nowakowski, M. (2000).  The spatial distribution 
of herbs and woody species in the hedgerows of an 
arable farm.  Aspects of Applied Biology 58, 401-406. 

Sparks, T.H., Mountford, J.O. & Parish, T. (1994).  
Opportunities for conservation in the field 
boundaries of arable crops.  Aspects of Applied Biology 
40.  

Sparks, T.H. & Parish, T. (1995).  Factors affecting the 
abundance of butterflies in field boundaries in 
Swavesey fens, Cambridgeshire, UK.  Biological 
Conservation 73(3), 221-227.  

Sparks, T.H., Parish, T. & Hinsley, S.A. (1996).  Breeding 
birds in field boundaries in an agricultural landscape.  
Agriculture, Ecosystems and Environment 60, 1-8.  

Sparks, T.H. & Robinson, K.A. (1999).  Hawthorn berry 
availability in autumn.  Aspects of Applied Biology 54, 
241-244. 

Sparks, T.H., Robinson, K.A. & Downing, S.L. (2000).  
Hedgerow management and the yield of hawthorn 
Crataegus monogyna berries.  Aspects of Applied Biology 58, 
421-424. 

Sparks, T.H. & Yates, T.J. (1997).  The effect of spring 
temperature on the appearance dates of British 
butterflies 1883-1993.  Ecography 20 (4), 368-374.  

Spellerberg, I.F. & Gaywood, J.G. (1993).  Linear Features: 
Linear Habitats and Wildlife Corridors.  Peterborough: 
English Nature.  

Srinivas, T., Reddy, M.V., Jain, K.C. & Reddy, M.S.S. 
(1997).  Screening for resistance to two isolates of 
sterility mosaic pathogen in pigeonpea (Cajanus cajan 
(L.) Millsp.).  Crop Research (Hisar) 13 (1), 169-175.  

Stebbings, R.E. (1995).  Why should bats be protected? A 
challenge for conservation.  Biological Journal of the 
Linnean Society 56(SA), 103-118.  

Stephens, H. (1890).  The Book of the Farm.  4th edition 
(revised).  Edinburgh: Blackwell.  

Stephenson, D.W. & Mitchell, G.J. (1993).  Barley grass 
control with herbicides in subterranean clover pasture 
.1. Effect on pasture in the year of spraying.  
Australian Journal of Experimental Agriculture 33(6), 737-
741.  

Stevenson, W. (1809).  General View of the Agriculture of the 
County of Surrey.  London: Richard Phillips.  

Stevenson, W. (1815).  General View of the Agriculture of the 
County of Dorset.  London: Sherwood, Meely and 
Jones.  

STIVA. (1800).  Strictures on hedge management. 
Farmers Magazine 1, 371-373.  

Stoate, C. (1999).  The influence of field boundary 
structure on breeding territory establishment of 
whitethroat Sylvia communis and yellowhammer 
Emberiza citrinella.  Aspects of Applied Biology 54, 125-
130. 

Stoate, C., Moreby, S.J. & Szczur, J. (1998).  Breeding 
ecology of farmland yellowhammers Emberiza 
citrinella.  Bird Study 45, 109-121. 

Stoate, C., Morris, R.M. & Wilson, J.D. (2001).  Cultural 
ecology of Whitethroat (Sylvia communis) habitat 
management by farmers.  Field boundary vegetation 
in lowland England.  Journal of Environmental 
Management 62, 329-341. 

Stoate, C. & Szczur, J. (1994).  Nest site selection and 
territory distribution of yellowhammer (Emberiza 
citrinella) and whitethroat (Sylvia communis) in field 
margins. In N. Boatman (Ed.), Field Margins: Integrating 
Agriculture and Conservation.  BCPC Monograph No. 58, 
129-132.  Farnham: British Crop Protection Council. 

Stokes, J. & Hand, K. (2004).  The Hedge Tree Handbook.  
London: The Tree Council.  96 pp. 

Stokoe, W.J. & Stovin, G.H.T. (1948).  The Caterpillars of 
British Moths Vol. 2 (pp. 252-395).  London.  



BIBLIOGRAPHY 

HEDGEROW MANAGEMENT & WILDLIFE 105

Stork, N.E. (1990).  Ground Beetles: Their Role in Ecological 
and Environmental Studies.  Andover: Intercept.  

Street, D. (1979).  Reptiles of Northern and Central Europe.  
London: Batsford.  

Sturrock, F. & Cathie, J. (1980).  Farm Modernisation and 
the Countryside.  Occasional Paper No. 12.Cambridge: 
University of Cambridge (Department of Land 
Economy).  

Sunderland, K.D. (1975).  The diet of some arthropods 
in cereal crops.  Journal of Applied Ecology 12, 507-514.  

Sunderland, K.D. & Vickerman, G.P. (1980).  Aphid 
feeding by some polyphagous predators in relation to 
aphid density in cereal fields.  Journal of Applied Ecology 
17, 389-396.  

Sustek, Z. (1992).  Windbreaks and line communities as 
migration corridors for carabids (Colo. Carabidae) in 
the agricultural landscape of south Moravia.  Ekologia 
(Csfr) 11(3), 259-271.  

Swan, M.J.S. & Oldham, R.S. (1993a).  HERPTILE sites.  
Volume 1: National Amphibian Survey.  Final Report. 
English Nature Research Report No. 38 (+ separate 
Appendices).   Peterborough: English Nature. 

Swan, M.J.S. & Oldham, R.S. (1993b).  HERPTILE sites. 
Volume 2: National Common Reptile Survey.  Final Report. 
English Nature Research Report No. 39. 
Peterborough: English Nature.  

Tapper, S. (1979).  The effect of fluctuating vole 
numbers (Microtus agrestis) on a population of weasels 
(Mustela nivalis) on farmland.  Journal of Animal Ecology 
48, 603-617.  

Tapper, S.C. & Barnes, R.F.W. (1986).  Influence of 
farming practice on the ecology of the brown hare 
(Lepus europaeus).  Journal of Applied Ecology 23, 39-52.  

Tapper, S.C. & Parsons, N. (1984).  The changing status 
of the brown hare (Lepus capensis L.) in Britain.  
Mammal Review 14, 57-70.  

Tattersall, F.H., Macdonald, D.W., Hart, B.J., Johnson, 
P., Manley, W. & Feber, R. (2002).  Is habitat linearity 
important for small mammal communities on 
farmland?  Journal of Applied Ecology 39, 643-652. 

Tattersall, F.H., MacDonald, D.W., Manley, W.J., Gates, 
S., Feber, R. & Hart, B.J. (1997).  Small mammals on 
one-year set-aside.  Acta Theriologica 42(3), 329-334.  

Taylor, C.M.A. (1991).  Forest Fertilisation in Britain. 
Forestry Commission Bulletin 95.  London: HMSO.  

Terrasson, F. & Tendron, G. (1981).  The case for 
hedgerows.  Ecologist 11, 210-331.  

Tew, T. (1986).  The effects of conservation headlands 
on small mammals.  Game Conservancy Annual Review, 
1986 (pp. 109-111).  

Tew, T.E. (1989).  The behavioural ecology of the Wood 
mouse (Apodemus sylvaticus) in the cereal field 
ecosystem.  Unpublished thesis, Wildlife 
Conservation Research Unit, University of Oxford. 

Tew, T.E. (1992).  Radiotracking arable wood mice. In I. 
G. Priede & S.M. Swift (Eds.), Wildlife Telemetry (pp. 
532-539).  

Tew, T.E. & Macdonald, D.W. (1993).  The effects of 
harvest on arable wood mice (Apodemus sylvaticus).  
Biological Conservation, 65, 270-283. 

Tew, T.E. (1994).  Farmland hedgerows: habitat, 
corridors or irrelevant?  A small mammal’s 
perspective.  In T.A. Watt & G.P. Buckley (Eds.), 
Hedgerow Management and Nature Conservation (pp. 80-
94). Ashford, Kent: Wye College Press.  

Tew, T.E., Macdonald, D.W. & Rands, M.R.W. (1992).  
Herbicide application affects microhabitat use by 
arable wood mice (Apodemus sylvaticus).  Journal of 
Applied Ecology 29, 532-539.  

Tew, T.E., Todd, I.A. & Macdonald, D.W. (1994).  Field 
margins and small mammals.  In N. Boatman (Ed.), 
Field Margins: Integrating Agriculture and Conservation.  
BCPC Monograph No. 58,  85-94.  Farnham: British 
Crop Protection Council.  

Theaker, A.J., Boatman, N.D. & Froud-Williams, R.J. 
(1995a).  The effect of nitrogen fertiliser on the 
growth of Bromus sterilis in field boundary vegetation.  
Agriculture, Ecosystems and Environment 53(2), 185-192.  

Theaker, A.J., Boatman, N.D. & Froud-Williams, R.J. 
(1995b).  Variation in Bromus sterilis on farmland: 
evidence for the origin of field infestations.  Journal of 
Applied Ecology 32(1), 47-55.  

Thenail, C. (1995).  Caracterisation des systemes 
techniques agricoles et de leurs relations avec le 
territoire.  In J. Baudry (Ed.), Organisation Paysagere 
Agricole, Ecologique, Social, des Structures Lineaires Boisees 
(pp. 63).  Rennes: INTRASAD.  

Thenail, C. (2002).  Relationships between farm 
characteristics and the variation of the density of 
hedgerows at the level of a micro-region of bocage 
landscape.  Study case in Brittany, France.  Agricultural 
Systems 71, 207-230.  

Thenail, C., Le Coeur, D. & Baudry, J. (2000).  
Relationships between field boundaries, farming 
systems and landscape: consequences on biodiversity 
pattern in agrarian landscapes.  Proceedings 4th 
European symposium on European Farming and Rural 
Systems Research and Extension, Volos, Greece.  
Association for Farming System Research and 
Extension, European group. 



BIBLIOGRAPHY 

HEDGEROW MANAGEMENT & WILDLIFE 106

Thenail, C., Morvan , N., Moonen, C., Le Coeur, D., 
Burel, F. & Baudry, J. (1997).  The role of farms in 
landscape evolution: a major driving factor of 
ecological dynamics.  Ecologia Mediterranea 23(1-2), 71-
90.  

Thiele, H.U. (1977).  Carabid Beetles in their Environments. 
Berlin/Heidelberg/New York: Springer Verlag.  

Thomas, C.F.G., Green, F. & Marshall, E.J.P. (1997).  
Distribution, dispersal and population size of the 
ground beetles, Pterostichus melanarius (Illiger) and 
Harpalus rufipes (Degeer) (Coleoptera, Carabidae), in 
field margin habitats.  Biological Agriculture and 
Horticulture 15, 337-352.  

Thomas, C.F.G. & Marshall, E.J.P. (1999).  Arthropod 
abundance and diversity in differently vegetated 
margins of arable fields.  Agriculture, Ecosystems and 
Environment 72, 131-144. 

Thomas, C.F.G.; Parkinson, L.; Griffiths, G.J.K.; 
Fernández García, A. & Marshall, E.J.P. (2001).  
Aggregation and temporal stability of carabid beetle 
distributions in field and hedgerow habitats.  Journal of 
Applied Ecology 38, 100-116. 

Thomas, C.F.G., Parkinson, L. & Marshall, E.J.P. (1998).  
Isolating the components of activity-density for the 
carabid beetle Pterostichus melanarius in farmland.  
Oecologia 116 (1-2), 103-112.  

Thomas, J.A. (1986).  RSNC Guide to Butterflies of the 
British Isles.  Twickenham: Middlesex: Country Life 
Books.  

Thomas, J.A. (1991).  Rare species conservation: case 
studies of European butterflies.  In I.F. Spellerberg, 
F.B. Goldsmith, & M.G. Morris (Eds.), The Scientific 
Management of Temperate Communities for Conservation (pp. 
149-197).  Oxford: Blackwell Scientific Publications.  

Thomas, M.B., Sotherton, N.W., Coombes, D.S. & 
Wratten, S.D. (1992).  Habitat factors influencing the 
distribution of polyphagous predatory insects 
between field boundaries.  Annals of Applied Biology 
120, 197-202. 

Thomas, M.B. & Wratten, S.D. (1988).  Manipulating the 
arable crop environment to enhance the activity of 
predatory insects.  Aspects of Applied Biology 17, 57-66.  

Thomas, M.B., Wratten, S.D. & Sotherton, N.W. (1991).  
Creation of “island” habitats in farmland to 
manipulate populations of beneficial arthropods: 
predator densities and emigration.  Journal of Applied 
Ecology 28(3), 906-917.  

Thomas, M.B., Wratten, S.D. & Sotherton, N.W. (1992).  
Creation of “island” habitats in farmland to 
manipulate populations of beneficial arthropods: 
predator densities and species composition.  Journal of 
Applied Ecology 29(2), 524-531.  

Thornton, I.W.B. (1985).  The geographical and 
ecological distribution of arboreal Psocoptera.  
Annual Review of Entomology 30, 175-196.  

Tiefenbrunner, W. (1991).  Research on the structure and 
succession of the fauna of springtails on former 
arable land.  Pflanzenschutzberichte 52(3), 95-109.  

Timsit, O. & Clergeau, P. (1998).  Corvid (Corvidae) 
densities and predation on artificial nests in relation 
to landscape structure.  Gibier Faune Sauvage 15(2), 
151-165.  

Tischendorf, L., Irmler, U. & Hingst, R. (1998).  A 
simulation experiment on the potential of hedgerows 
as movement corridors for forest carabids.  Ecological 
Modelling 106(2-3), 107-118.  

Tischendorf, L. & Wissel, C. (1997).  Corridors as 
conduits for small animals: attainable distances 
depending on movement pattern, boundary reaction 
and corridor width.  Oikos 79(3), 603-611.  

Tjallingii, S.P. & de Veer, A.A. (Eds.) (1982).  Perspectives 
in Landscape Ecology: Contributions to Research, Planning 
and Management of our Environment.  Proceedings 
International Congress, Veldhoven, Netherlands, 
April 6-11, 1981.  Wageningen, Netherlands: Pudoc.  

Todd, I.A., Tew, T.E. & Macdonald, D.W. (2000).  
Arable habitat use by wood mice (Apodemus sylvaticus). 
1.  Macrohabitat.  Journal of Zoology 250, 299-303. 

Tofts, R.J. & Clements, D.K. (1994).  The development 
and testing of HEGS, a methodology for the 
evaluation and grading of hedgerows.  In N. Boatman 
(Ed.), Field Margins: Integrating Agriculture and 
Conservation.  BCPC Monograph No. 58, 277-282.  
Farnham: British Crop Protection Council. 

Towers, J. (1755).  Caesar’s Commentaries of his War in Gaul 
with an English Translation.  London: Hutch and 
Hawes.  

Triplet, P., Durant, J. & Bacquet, S. (1997).  The 
reproduction of the northern lapwing Vanellus vanellus 
and farming techniques: characteristics of breeding 
sites in maritime lowland Picardy (northern France).  
Alauda 65(2), 121-129.  

Tsiouris, S. & Marshall, E.J.P. (1998).  Observations on 
patterns of granular fertiliser deposition beside 
hedges and its likely effects on the botanical 
composition of field margins.  Annals of Applied Biology 
132(1), 115-127.  

Tucker, G.M. (1989).  The winter farmland hedgerow 
survey.  A preliminary report. BTO News 164, 14-15.   
British Trust for Ornithology. 

Tuellinghoff & Bergmann, H.-H. (1993).  Curlew habitats 
(Numenius arquata) in lower Saxony: preferred and 
avoided structures of agricultural landscapes.  
Vogelwarte 37 (1), 1-11.  



BIBLIOGRAPHY 

HEDGEROW MANAGEMENT & WILDLIFE 107

Turner, J.H. (1845).  On the necessity for the reduction 
of abolition of hedges.  Journal of the Royal Agricultural 
Society of England 6, 479-488.  

Tutin, T.G.et al. (1964-1980).  Flora Europaea.  5 vols.  
Cambridge: Cambridge University Press.  

Tybirk, K., Aude, E., Ejrnæs, R., Reddersen, J., Hald, 
A.B., Riberholdt, L., Jönsson, C., Jørgensen, J.E., 
Gramstrup, M., Andreasen, P.R., Vind, L.R., 
Dalsgaard, A., Jensen, N.V., Odderskær, P. & Sell, H. 
(2001).  Botanical conservation values in Danish 
hedgerows.  In C. Barr & S. Petit (Eds) Hedgerows of 
the World: their ecological functions in different landscapes 
(pp. 299-308).  IALE(UK). 

Usher, M.B. (1986).  Wildlife Conservation Evaluation. 
London: Chapman and Hall.  

van Apledoorn, R.C., Oosternbrink, W.T., van Winder, 
A. & van der Zee, F.F. (1992).  Effects of habitat 
fragmentation on the bank vole, Clethryonomys glareolus, 
in an agricultural landscape.  Oikos 65, 265.  

van Dorp, D. & Opdam, P.F.M. (1987).  Effects of patch 
size, isolation and regional abundance of forest bird 
communities.  Landscape Ecology 1, 59.  

van Emden, H.F. (1965).  The effect of uncultivated land 
on the distribution of cabbage aphid (Brevicoryne 
brassicae) on an adjacent crop.  Journal of Applied Ecology 
2, 171-196.  

van Emdem, H.F. (1981).  Wild plants in the ecology of 
insect pests.  In Tresh (Ed.), Pests, Pathogens and 
Vegetation (pp. 251).  Boston: Pitman Publishing.  

van Emden, H.F. & Williams, G.F. (1974).  Insect 
stability and diversity in agro-ecosystems.  Annual 
Review of Entomology 19, 445-476.  

Van Mansvelt, J.D., Stobbelaar, D.J. & Hendriks, K. 
(1998).  Comparison of landscape features in organic 
and conventional farming systems.  Landscape and 
Urban Planning 41(3-4), 209-227.  

Vancouver, C. (1810).  A General Review of the Agriculture of 
Hampshire including the Isle of Wight.  Drawn up for the 
Board of Agriculture and Internal Improvement.  
London.  

Vansteenwegen, C. (1997).  Geographic variations of the 
sedentary nature of populations of partially migratory 
species: an analysis of recaptures of ringed birds.  II. 
Wagtails, wrens, dipper and dunnock.  Alauda 65(1), 
19-28.  

Verboom, B. & Huitema, H. (1997).  The importance of 
linear landscape elements for the pipistrelle Pipistrellus 
pipistrellus and the serotine bat Eptesicus serotinus.  
Landscape Ecology 12(2), 117-125.  

Verboom, B. & van Apledoorn, R. (1990).  Effects of 
habitat fragmentation on the red squirrel, Sciurus 
vulgaris L.  Landscape Ecology 4, 171.  

Verhulst, S. (1998).  Multiple breeding in the great tit.  II. 
The costs of rearing a second clutch.  Functional 
Ecology 12(1), 132-140.  

Verhulst, S., Perrins, C.M. & Riddington, R. (1997).  
Natal dispersal of great tits in a patchy environment.  
Ecology (Washington D C) 78(3), 864-872.  

Vernon, A. (1899).  Estate Fences: Their Choice, Construction 
and Cost.  London: E & F N Spon Ltd.  

Viaud, V., Caubel, V., Grimaldi, C., Baudry, J. & Mérot, 
P. (2001). The influence of hedgerow systems on 
water and pollutant fluxes: from the local to the 
catchment scale. In C. Barr & S. Petit (Eds) Hedgerows 
of the World: their ecological functions in different landscapes 
(pp. 281-287).  IALE(UK). 

Vickery, J., Carter, N. & Fuller, R.J. (2002).  The potential 
value of managed cereal field margins as foraging 
habitats for farmland birds in the UK.  Agriculture, 
Ecosystems and Environment 89(1-2), 41-52. 

Vought, L.B.M., Pinay, G., Fulgsang, A. & Ruffinoni, C. 
(1995).  Structure and function of buffer strips from a 
water quality perspective in agricultural landscapes.  
Landscape Urban Plan. 31, 323.  

Wallin, H. (1985).  Spatial and temporal distribution of 
some abundant carabid beetles (Coleoptera: Carabidae) 
in cereal fields and adjacent habitats.  Pedobiologia 28, 
19-34.  

Wallin, H. (1986).  Habitat choice of some field 
inhabiting carabid beetles (Coleoptera: Carabidae) 
studies by recapture of marked individuals.  Ecological 
Entomology 11, 457-466.  

Walsh, A.L. & Harris, S. (1996a).  Foraging habitat 
preferences of vespertilionid bats in Britain.  Journal of 
Applied Ecology 33, 508-518.  

Walsh, A.L. & Harris, S. (1996b).  Factors determining 
the abundance of vespertilionid bats in Britain: 
geographical, land class and local habitat 
relationships.  Journal of Applied Ecology 33, 519-529.  

Walsingham, J.M. & Harris, P.M. (1994).  New farm 
hedges for wildlife and coppice.  In T.A. Watt & G.P. 
Buckley (Eds.), Hedgerow Management and Nature 
Conservation (p. 154). Ashford, Kent: Wye College 
Press. (Abstract).  

Ward, D. & Lubin, Y. (1992).  Temporal and spatial 
segregation of web-building in a community of orb-
weaving spiders.  J Arachnol. 20(2), 73-87.  

Watt, T.A. & Buckley, G.P. (Eds) (1994).  Hedgerow 
Management and Nature Conservation.   Proceedings of a 
meeting of the BES Conservation Ecology group, 
Wye College, University of London, 4-5 September 
1992.  Ashford, Kent: Wye College Press.  170 pp. 



BIBLIOGRAPHY 

HEDGEROW MANAGEMENT & WILDLIFE 108

Watt, T.A., Smith, H. & Macdonald, D.W. (1990).  The 
control of annual grass weeds in fallowed field 
margins managed to encourage wildlife.  In T.A. Watt 
& G.P. Buckley (Eds.), Hedgerow Management and 
Nature Conservation. Ashford, Kent: Wye College Press 
(Abstract).  

Watts, C.H.S. (1968).  The foods eaten by wood mice 
(Apodemus sylvaticus) and bank voles (Clethrionomys 
glareolus) in Wytham Woods, Berkshire.  Journal of 
Animal Ecology 37, 25-41.  

Wauters, L., Casale, P. & Dhondt, A.A. (1994).  Space 
use and dispersal of red squirrels in fragmented 
habitats.  Oikos 69, 140.  

Way, J.M. & Greig-Smith, P.W. (1987).  Field Margins. 
BCPC Monograph No. 35.  Thornton Heath: British 
Crop Protection Council. 128 pp. 

Webb, R. (1985).  Farming and the landscape.  In F.H.A. 
Aalen (Ed.), The Future of the Irish Landscape (pp. 80-
92).  Dublin: Trinity College.  

Wedge, T. (1794).  General View of the Agriculture of the 
County Palatine of Chester.  London: Board of 
Agriculture and Internal Improvement.  

Wegner, F. & Merriam, G. (1979a).  Movement by birds 
and small mammals between a wood and adjoining 
farmland habitats.  Journal of Applied Ecology 16, 349-
358.  

Wegner, J.F. & Merriam, G. (1979b).  Movements of 
small birds and small mammals between a wood and 
adjoining farmland habitats.  Journal of Applied Ecology 
16, 349.  

Weisel, S. & Brandl, R. (1993).  The small mammal fauna 
in a hedge of north-eastern Bavaria.  Zeitschrift fuer 
Saegetierkunde 58 (6), 368-375.  

Wells, T.C.E. (1969).  Botanical aspects of conservation 
management of chalk grassland.  Biological Conservation 
2, 36-44.  

Wells, T.C.E. (1971).  A comparison of the effects of 
sheep grazing and mechanical cutting on the structure 
and botanical composition of chalk grassland.  In E. 
Duffey & A.S. Watt (Eds.), The Scientific Management of 
Animal and Plant Communities for Nature Conservation.  
Oxford: Blackwell Scientific Publications.  

Wells, T.C.E. (1984).  National Turfgrass Council 
Workshop No. 5.  

Wells, T.C.E., Bell, S.A. & Frost, A. (1981).  Creating 
Attractive Grasslands Using Native Species. Peterborough: 
Nature Conservancy Council.  

Wells, T.C.E., Cox R. & Frost, A. (1988).   The 
Establishment and Management of Wildflower Meadows.  
Focus on Nature Conservation No. 21.  
Peterborough: Nature Conservancy Council.  

Wessex Ecological Consultancy (1998).  Gower Hedgerow 
Project.  Swansea: City and County of Swansea. 

West, T.M., Maudsley, M.J., Marshall, E.J.P. & Arnold, 
G.M. (1999).  Restoring botanical diversity to 
degenerate hedge-bases.  Aspects of Applied Biology 54, 
251-256. 

Whelon, D. (1994).  The hedgerow incentive scheme. In 
T.A. Watt & G.P. Buckley (Eds.), Hedgerow 
Management and Nature Conservation (pp. 137-145). 
Ashford, Kent: Wye College Press.  

Whitehead, S.C., Wright, J. & Cotton, P.A. (1995).  
Winter field use by the European starling Sturnus 
vulgaris:  Habitat preferences and the availability of 
prey.  Journal of Avian Biology 26 (3), 193-202.  

Whittle, A. (1988).  Neolithic Europe: a survey.  

Wiens, J.A., Stenseth, N.C., van Horne, B. & Ims, R.A. 
(1993).  Ecological mechanisms and landscape 
ecology.  Oikos 66, 369.  

Wildgoose, M. (1991).  The drystone walls of Roystone 
Grange.  Archaeological Journal 148, 205-240.  

Wildig, J. (1994).  Establishment and management of 
thorn hedges in the Cambrian Mountains 
Environmentally Sensitive Area.  In T.A. Watt & 
G.P. Buckley (Eds.), Hedgerow Management and Nature 
Conservation (p. 150). Ashford, Kent: Wye College 
Press. (Abstract).  

Wildig, J., Griffiths, B. & Milsom, T.M. (1994).  
Problems with the re-establishment of thorn hedges 
in the Cambrian Mountains Environmentally 
Sensitive Area.  In N. Boatman (Ed.),  Field Margins: 
Integrating Agriculture and Conservation.  BCPC Monograph 
No. 58, 347-350.  Farnham:  British Crop Protection 
Council.  

Williams, E. (1996).  Warndon Hedgerow Survey 1987-1996.  
Report commissioned by Project Greenspace, City of 
Worcester Technical Services and the Countryside 
Commission. 

Williams, L.R. (1994).  Changes in the hedgerow 
landscape of Fryent County Park, 1983-1993.  London 
Naturalist 73, 73-76.  

Williamson, K. (1967).  The bird community of farmland.  
Bird Study 14, 210-226.  

Williamson, K. (1969a).  A bird census study of a Dorset 
dairy farm.  Bird Study 18, 80-96.  

Williamson, K. (1969b).  Habitat preferences of the wren 
in English farmland.  Bird Study 18, 81-96.  

Williamson, T. (1987).  Early co-axial field systems on the 
East Anglian boulder clays.  Proceedings of the Prehistoric 
Society 53, 419-432.  



BIBLIOGRAPHY 

HEDGEROW MANAGEMENT & WILDLIFE 109

Willmot, A. (1980).  The woody species of hedges with 
special reference to age in Church Broughton parish, 
Derbyshire.  Journal of Ecology 68, 269-285.  

Wilson, A. (1994).  The fight for hedgerow protection 
legislation.  In T.A. Watt & G.P. Buckley (Eds.), 
Hedgerow Management and Nature Conservation. (pp. 146-
149). Ashford, Kent: Wye College Press.  

Wilson, B.J. (1981).  Yield responses of winter cereals to 
the control of broad-leaved weeds.  Proceedings of 
EWRS Symposium 1986, Economic Weed Control. 

Wilson, J.D., Taylor, R. & Muirhead, L.B. (1996).  Field 
use by farmland birds in winter: an analysis of field 
type preferences using resampling methods.  Bird 
Study 43, 320-323. 

Wiltshire, P.E.J. (1992).  Palynological Analysis of Sediments 
from a Series of Waterlogged Features at Slough House Farm, 
near Heybridge, Essex.  Ancient Monuments Laboratory 
Report 25/92.  English Heritage. 

Winfield, C.G. (1967).  Effects of shelter on hill sheep. 

Wolton, R. (1994).  Hedges in decline?  Enact (Vol. 2).  

Wolton, R. (1999).  Do we need hedges anymore?  
Biologist 46(3), 118-122.  

Woods, A., Taylor, J.P., Harley, D.C., Housden, S.D. & 
Lancs, A.N. (1988).  The common agricultural policy: 
new opportunities for wildlife and the environment.  
Sandy: RSPB.  

Woods, R.D., Dunleavy, P.J. & Key, G.E. (1996).  Small 
mammal activity in new hedgerows.  Proceedings of 
Brighton Crop Protection Conference - Pest and Diseases - 
1996, 445-446. British Crop Protection Council, 
Farnham.  

Wratten, S.D. (1988a).  The role of field boundaries as 
reservoirs for beneficial insects.  In Environmental 
Management and Agriculture: European Perspectives. 
London: EEC/Pinter Publishers Ltd.  

Wratten, S.D. (1988b).  The role of field margins as 
reservoirs for beneficial insects.  In J.R. Park (Ed.), 
Environmental Management in Agriculture (pp. 144).  
London: Belhaven Press.  

Wyllie, I. (1976).  The bird community of an English 
parish.  Bird Study 23, 39-50.  

Yahner, R.H. (1983).  Seasonal dynamics habitat 
relationship, and management of avifauna in 
farmstead shelterbelts.  Journal of Wildlife Management 
47, 85-104.  

Yoccoz, N.G. & Mesnager, S. (1998).  Are alpine bank 
voles larger and more sexually dimorphic because 
adults survive better?  Oikos 82(1), 85-98.  

Ysnel F. and Canard A. (2000).  Spider biodiversity in 
connection with the vegetation structure and the 
foliage orientation of hedges.  The Journal of 
Arachnology 28, 107-114. 

Zeepvat, R.J. (1991).  Roman gardens in Britain.  Garden 
archaeology.  Council for British Archaeology Research 
Report No. 78). 

Zwart, I. (1992).  Standards for badgers migration routes.  
Levende Nat. 93(6), 173-179.  

Zwolfer, H. & Stechman, D.H. (1989).  Structure and 
function of hedgerows for animals.  Verhandlungen 
Gesellschaft fur Okologie 17, 643-656.  


	A review of research on the effects of hedgerow management and adjacent land on biodiversity
	Contract report to Defra
	Edited by C J Barr1, C P Britt2,T H Sparks3 and J M Churchward4
	1Barr Ecology Limited
	
	
	
	
	
	BACKGROUND AND INTRODUCTION 	1
	HISTORY AND HEDGEROW MANAGEMENT 	3
	HEDGEROW MANAGEMENT AND COSTS	12
	PLANTS AND  HEDGEROWS	19


	Woody  component
	
	INVERTEBRATES AND HEDGEROWS	35


	The Invertebrate Fauna of Hedgerows	35
	Conclusions	46
	
	AMPHIBIANS, REPTILES AND HEDGEROWS	47


	The Importance of Hedgerows to Birds	49
	Effects of Hedgerow Management on Mammal Populations	58
	
	OVERALL CONCLUSIONS ON THE EFFECTS OF	60
	Priorities for Further Research	65







	Colin Barr
	Barr Ecology Limited, Lilac Cottage, Oxen Park, Ulverston, Cumbria. LA12 8HG
	BACKGROUND TO THE REVIEW
	Summary of the problem
	
	Related research activities


	OBJECTIVES OF THE REVIEW
	INTRODUCTION TO THIS PUBLICATION
	
	Approach
	Content
	
	
	Updating the content





	HISTORY AND HEDGEROW MANAGEMENT
	John Sheail
	Centre for Ecology and Hydrology, Monks Wood, Abbots Ripton, Huntingdon, PE28 2LS
	
	
	DATA ON CURRENT HEDGEROW MANAGEMENT



	Colin Barr1 and Rick Stuart2
	
	
	
	1Barr Ecology Ltd, Lilac Cottage, Oxen Park, Ulverston, LA12 8HG
	2Centre for Ecology & Hydrology, Lancaster Environment Centre, Library Avenue, Bailrigg, Lancaster, LA1 4AP




	T
	THE COUNTRYSIDE SURVEYS
	HEDGEROW MANAGEMENT AND COSTS
	Jean Churchward and Lesley Shea
	ADAS Boxworth, Battlegate Road, Boxworth, Cambridge, CB3 8NN
	
	Hedge Laying and Coppicing
	Hedge-Bottom Vegetation
	PLANTS AND HEDGEROWS



	Colin Barr
	
	
	
	Barr Ecology Limited, Lilac Cottage, Oxen Park, Ulverston, Cumbria. LA12 8HG




	IMPORTANCE OF HEDGEROWS FOR PLANTS
	Hedgerows as a habitat for plants
	Species complement
	Hooper’s Rule
	
	Hedgerows as corridors
	Hedge species composition and health
	Correlative studies




	Direct management effects  on woody species
	Diversity of woody species
	Hedge bottom flora
	
	
	Species composition

	Ground flora species diversity
	Evidence from correlative studies
	Other studies
	Conclusions


	Effects of hedgerows on adjacent land
	
	
	
	
	Effects of adjacent land on hedgerows

	Links with land use


	Effects of adjacent crop management
	Species movements


	Field margin management
	RECOMMENDATIONS
	INVERTEBRATES AND HEDGEROWS
	
	Stuart Corbett1 and Alison Mole2
	
	
	1ADAS Drayton, Alcester Road, Stratford upon Avon, Warwickshire, CV37 9RQ (Current address: Dstl Porton Down, Salisbury, Wilts)



	Molluscs
	Insects

	Croxton et al. (2002) investigated the vegetation communities within 15 green lane sites and in adjacent field margins.  Species richness was found to be significantly higher in the green lanes.  Bee numbers were also found to be significantly higher wit
	Ground beetles (Coleoptera: Carabidae)
	Butterflies and moths
	
	Ancient and Planned Countryside



	The role of hedgerows in invertebrate dispersal - corridors and networks
	Wildlife corridors
	Hedgerows as semi-permeable barriers
	Effects of hedge cutting



	Effects of hedgerow restoration, replanting and protection
	Effects of hedge-bottom management
	
	
	Field margins


	Extended field margins



	AMPHIBIANS, REPTILES AND HEDGEROWS
	Tim Sparks
	Centre for Ecology and Hydrology, Monks Wood, Abbots Ripton, Huntingdon, PE28 2LS
	Tim Sparks
	Centre for Ecology and Hydrology, Monks Wood, Abbots Ripton, Huntingdon, PE28 2LS
	
	THE IMPORTANCE OF HEDGEROWS TO BIRDS
	
	
	General



	Hedgerow removal
	
	
	Hedge types and bird species richness



	The preference of individual bird species
	Adjacent land use
	The hedgerow as a food resource
	THE EFFECTS OF HEDGEROW MANAGEMENT ON BIRD POPULATIONS
	General effects
	Specific effects


	James J. Packer
	ADAS Bristol, Burghill Road, Westbury-on-Trym, Bristol., BS10 6NQ
	
	
	
	I
	INTRODUCTION

	THE UTILISATION OF HEDGEROWS BY MAMMALS

	Bank voles
	Field voles
	Wood mice
	Yellow-necked mice
	Harvest mice
	Common Dormouse
	Stoats and Weasels
	Polecats
	Badgers
	
	Hedgerow variables that are important in determining the diversity of mammals

	CONCLUSIONS



	Chris Britt
	
	
	
	
	ADAS Drayton, Alcester Road, Stratford upon Avon, Warwickshire, CV37 9RQ





	Colin Barr
	Tim Sparks
	INTRODUCTION
	Hedge management
	Hedge shape, dimensions and density
	Method of trimming
	The impact on wildlife value of non-management of a hedge
	Hedge-bottom management
	METHODS OF ENHANCING BIODIVERSITY IN HEDGEROWS

