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1. About this book

The purpose of Conservation Evidence synopses

Conservation Evidence synopses do

Conservation Evidence synopses do not

* Bring together scientific evidence
captured by the Conservation Evidence
project (over 4,000 studies so far) on the
effects of interventions to conserve
biodiversity and ecosystem services

e List all realistic interventions for the
species group or habitat in question,
regardless of how much evidence for their
effects is available

¢ Describe each piece of evidence,
including methods, as clearly as possible,
allowing readers to assess the quality of
evidence

e Work in partnership with conservation
practitioners, policymakers and scientists
to develop the list of interventions and
ensure we have covered the most
important literature

¢ Include evidence on the basic ecology of
species or habitats, or threats to them

¢ Make any attempt to weight or
prioritize interventions according to their
importance or the size of their effects

¢ Weight or numerically evaluate the
evidence according to its quality

¢ Provide recommendations for
conservation problems, but instead
provide scientific information to help with
decision-making
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Who is this synopsis for?

If you are reading this, we hope you are someone who has to make decisions
about how best to support or conserve biodiversity. You might be a land manager, a
conservationist in the public or private sector, a farmer, a campaigner, an advisor or
consultant, a policymaker, a researcher or someone taking action to protect your
own local wildlife. Our synopses summarize scientific evidence relevant to your
conservation objectives and the actions you could take to achieve them.

We do not aim to make your decisions for you, but to support your decision-
making by telling you what evidence there is (or isn’t) about the effects that your
planned actions could have.

When decisions have to be made with particularly important consequences,
we recommend carrying out a systematic review, as the latter is likely to be more
comprehensive than the summary of evidence presented here. Guidance on how to
carry out systematic reviews can be found from the Centre for Evidence-Based
Conservation at the University of Bangor (www.cebc.bangor.ac.uk).

The Conservation Evidence project

The Conservation Evidence project has three parts:

1) An online, open access journal Conservation Evidence publishes new
pieces of research on the effects of conservation management interventions. All our
papers are written by, or in conjunction with, those who carried out the
conservation work and include some monitoring of its effects.

2) An ever-expanding database of summaries of previously published
scientific papers, reports, reviews or systematic reviews that document the effects of
interventions.

3) Synopses of the evidence captured in parts one and two on particular
species groups or habitats. Synopses bring together the evidence for each possible
intervention. They are freely available online and available to purchase in printed
book form.

These resources currently comprise over 4,000 pieces of evidence, all
available in a searchable database on the website www.conservationevidence.com.

Alongside this project, the Centre for Evidence-Based Conservation
(www.cebc.bangor.ac.uk) and the Collaboration for Environmental Evidence
(www.environmentalevidence.org) carry out and compile systematic reviews of
evidence on the effectiveness of particular conservation interventions. These
systematic reviews are included on the Conservation Evidence database.

A total of seven systematic reviews published between 2005 and 2012 are
included in this synopsis. The systematic reviews are included in 11 interventions:

e Pay farmers to cover the cost of conservation measures (as in agri-
environment schemes)
e Provide or retain set-aside areas in farmland
e Plant wild bird seed or cover mixture
e Leave overwinter stubbles
e Maintain species-rich, semi-natural grassland
11



e Delay mowing or first grazing date on grasslands

e Reduce grazing intensity on grassland (including seasonal removal of
livestock)

e Reduce fertilizer, pesticide or herbicide use generally

e Control bracken

e Control mink

e Control predatory mammals and birds (foxes, crows, stoats and weasels)

Systematic reviews include:

e The effectiveness of land-based schemes (including agri-environment
schemes) at conserving farmland bird densities within the UK.
http://www.environmentalevidence.org/SR11.html

e Does sheep-grazing degrade unimproved neutral grasslands managed as
pasture in lowland Britain?
http://www.environmentalevidence.org/SR15.html

e The effectiveness of current methods for the control of bracken Pteridium
aquilinum.
http://www.environmentalevidence.org/SR3.html

e Does delaying the first mowing date benefit biodiversity in meadowland?
http://www.environmentalevidencejournal.org/content/1/1/9

The following three interventions would particularly benefit from systematic
reviews:

e Plant grass buffer strips/margins around arable or pasture fields

e Reduce tillage

e Leave headlands in fields unsprayed (conservation headlands)

Scope of the Farmland Conservation synopsis

This synopsis covers evidence for the effects of conservation interventions for
native farmland wildlife.

It is restricted to evidence captured on the website
www.conservationevidence.com. It includes papers published in the journal
Conservation Evidence, evidence summarized on our database and systematic
reviews collated by the Collaboration for Environmental Evidence.

Evidence was collected from all European countries west of Russia, but not
those south of France, Switzerland, Austria, Hungary and Romania.

How we decided which conservation interventions to include

A list of interventions to conserve wildlife on farmland was developed
collaboratively by a team of thirteen experts. An initial list of interventions based on
agri-environment options available in UK countries was circulated among the group,
discussed and amended at two project meetings. A number of interventions that are
not currently agri-environment options were added during this process, such as
‘Provide nest boxes for bees (solitary or bumblebees)’ and ‘Implement food labelling
schemes relating to biodiversity-friendly farming’.

Interventions relating to the creation or management of habitats not
considered commercial farmland (such as lowland heath, salt marsh and farm
woodland) were removed, although use of such habitats for grazing commercial
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livestock could be included under the intervention ‘Employ semi-natural areas for
rough grazing’.

The list of interventions was organized into categories based on the
International Union for the Conservation of Nature (IUCN) classifications of direct
threats and conservation actions. Interventions that fall under the threat category
‘Agriculture’ are grouped by farming system, with separate sections for interventions
that apply to arable or livestock farms, or across all farming types.

How we reviewed the literature

We began with a list of 1,157 references identified by collaborators at Harper
Adams University College for a systematic map on the effectiveness of agri-
environment schemes as interventions for conserving biodiversity in temperate
Europe (Randall N.P. & James K.L. 2012 The effectiveness of integrated farm
management, organic farming and agri-environment schemes for conserving
biodiversity in temperate Europe — A systematic map. Environmental Evidence, 1 (4),
1-21. http://www.environmentalevidence.org/SR35.html). This list of references
was drawn up using a peer-reviewed search protocol, with searches carried out until
June 2010. It included reviews and unpublished reports. Following peer review of the
systematic map, an additional search was carried out using a new search term
‘Farmland or farming AND mammal or reptile or amphibian’, because mammals,
reptiles and amphibians were not specifically covered by the original search terms.
These references were included in this synopsis, although not in the published
systematic map.

Each of the references was assessed, consulting the full text where possible.
Those matching the following two criteria were included in our synopsis of evidence:
e There was an intervention that conservationists would do to benefit wildlife
on actively farmed land
e The effects of the intervention were monitored quantitatively.

These criteria exclude studies examining the effects of specific interventions
without actually doing them. For example, predictive modelling studies and studies
looking at species distributions in areas with longstanding management histories
(correlative studies), were excluded. Such studies can suggest that an intervention
could be effective, but do not provide direct evidence of a causal relationship
between the intervention and the observed biodiversity pattern.

Studies relating to organic and integrated farming were excluded from the
synopsis. These interventions were considered to be combinations of farm
management techniques, rather than single interventions. Where the actual
intervention (for example, reduced agri-chemical use) was clearly defined, the
studies were included under that specific intervention. Studies monitoring the
uptake of agri-environment schemes, but not their effects on wildlife, were also
excluded.

The strategy for studies published in more than one place was to summarize
the most recent, but refer to the other publications (except for PhD theses,
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conference proceedings and Defra reports unavailable online, which are not referred
to if their main findings are published subsequently).

Altogether 588 studies were allocated to interventions they tested.
Additional studies published or completed in 2010 or before were added if
recommended by the expert team or identified within the literature during the
summarizing process. We also searched the Conservation Evidence database using
the new Sphinx-driven advanced search facility (designed and built during 2011, not
available when the systematic review was conducted), for studies from Europe on
arable or pasture land. This yielded an additional 38 relevant studies.

In total, 741 individual publications or reports were identified for inclusion in
the synopsis.

How the evidence is summarized

Conservation interventions are grouped primarily according to the relevant
direct threats, as defined in the International Union for the Conservation of Nature
(IUCN)’s Unified Classification of Direct Threats (www.iucnredlist.org/technical-
documents/classification-schemes/threats-classification-scheme-ver3). In most
cases, it is clear which main threat a particular intervention is meant to alleviate or
counteract. For those interventions where the main threat is Agriculture, we have
divided these into All farming, Arable, Livestock and Perennial (non-timber) crops.

Not all IUCN threat types are included, only those that threaten farmland
wildlife, and for which realistic conservation interventions have been suggested.

Normally, no intervention is listed in more than one place, and when there is
ambiguity about where a particular intervention should fall there is clear cross-
referencing.

In the text of each section, studies are presented in chronological order, so
the most recent evidence is presented at the end. The summary text at the start of
each section groups studies according to their findings.

At the start of each chapter, a series of key messages provides a rapid
overview of the evidence. These messages are condensed from the summary text for
each intervention.

Background information is provided where we feel recent knowledge is
required to interpret the evidence. This is presented separately and relevant
references included in the reference list at the end of each background section.

Some of the references containing evidence for the effects of interventions
are summarized in more detail on the Conservation Evidence website
(www.conservationevidence.com). In the online synopsis, these are hyperlinked
from the references within each intervention. They can also be found by searching
for the reference details or species name, using the website’s search facility.

The information in this synopsis is available in three ways:
e Asabook, printed by Pelagic Publishing and for sale from www.nhbs.com

e As a pdf to download from www.conservationevidence.com
e Astext for individual interventions on the searchable database at
www.conservationevidence.com.
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Terminology used to describe evidence

Unlike systematic reviews of particular conservation questions, we do not
guantitatively assess the evidence, or weight it according to quality. However, to
allow you to interpret evidence, we make the size and design of each trial we report
clear. The table below defines the terms that we have used to do this.

The strongest evidence comes from randomized, replicated, controlled trials
with paired-sites and before and after monitoring.

Term

Meaning

Site comparison

Replicated

Controlled

Paired sites

Randomized

Before-and-after
trial

Review

A study that considers the effects of interventions by comparing
sites that have historically had different interventions or levels of
intervention.

The intervention was repeated on more than one individual or
site. In conservation and ecology, the number of replicates is much
smaller than it would be for medical trials (when thousands of
individuals are often tested). If the replicates are sites, pragmatism
dictates that between five and ten replicates is a reasonable
amount of replication, although more would be preferable. We
provide the number of replicates wherever possible, and describe
a replicated trial as ‘small’ if the number of replicates is small
relative to similar studies of its kind.

Individuals or sites treated with the intervention are compared
with control individuals or sites not treated with the intervention.

Sites are considered in pairs, within which one was treated with
the intervention and the other was not. Pairs of sites are selected
with similar environmental conditions, such as soil type or
surrounding landscape. This approach aims to reduce
environmental variation and make it easier to detect a true effect
of the intervention.

The intervention was allocated randomly to individuals or sites.
This means that the initial condition of those given the
intervention is less likely to bias the outcome.

Monitoring of effects was carried out before and after the
intervention was imposed.

A conventional review of literature. Generally, these have not used

an agreed search protocol or quantitative assessments of the
evidence.
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Systematic A systematic review follows an agreed set of methods for

review identifying studies and carrying out a formal ‘meta-analysis’. It will
weight or evaluate studies according to the strength of evidence
they offer, based on the size of each study and the rigour of its
design. All environmental systematic reviews are available at:
www.environmentalevidence.org/index.htm

Taxonomy

We have followed the taxonomy used in the Integrated Taxonomic
Information System (www.itis.gov) and the PLANTS Database from the United States
Department of Agriculture (plants.usda.gov/java/). Where possible, common names
and Latin names are both given the first time each species is mentioned within each
intervention.

Significant results
Throughout the synopsis we have quoted results from papers. Unless
specifically stated, these results reflect statistical tests performed on the results.

Multiple interventions

Many studies investigate several interventions at once. When the effects of
different interventions are separated, then the results are discussed separately in
the relevant sections. However, often the effects of multiple interventions cannot be
separated. When this is the case, the study is included in the section on each
intervention, but the fact that several interventions were used is highlighted.

How you can help to change conservation practice

If you know of evidence relating to farmland wildlife conservation that is not
included in this synopsis, we invite you to contact us, via our website
www.conservationevidence.com. You can submit a previously published study by
clicking ‘Submit additional evidence’ on the right hand side of an action page. If you
have new, unpublished evidence, you can submit a paper to the Conservation
Evidence journal. We particularly welcome papers submitted by conservation
practitioners.
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2. All farming systems

Key messages

Support or maintain low intensity agricultural systems

We have captured no evidence for the effects of supporting or maintaining low
intensity agricultural systems on farmland wildlife.

Increase the proportion of semi-natural habitat in the farmed landscape

Of five studies monitoring the effects of the Swiss Ecological Compensation Areas
scheme at a landscape scale (including three replicated site comparisons), one found
an increase in numbers of birds of some species, two found no effect on birds and
three found some species or groups increasing and others decreasing.

Pay farmers to cover the cost of conservation measures (as in agri-environment
schemes)

For birds, twenty-four studies (including one systematic review) found increases or
more favourable trends in bird populations, while eleven studies (including one
systematic review) found negative or no effects of agri-environment schemes. For
plants, three studies found more plant species, two found fewer plant species and
seven found little or no effect of agri-environment schemes. For invertebrates, five
studies found increases in abundance or species richness, while six studies found
little or no effect of agri-environment schemes. For mammals, one replicated study
found positive effects of agri-environment schemes and three studies found mixed
effects in different regions or for different species.

Apply ‘cross compliance’ environmental standards linked to all subsidy payments
We have captured no evidence for the effects of applying ‘cross compliance’
environmental standards for all subsidy payments on farmland wildlife.
Implement food labelling schemes relating to biodiversity-friendly farming
(organic, LEAF marque)

We have captured no evidence for the effects of implementing food labelling
schemes relating to biodiversity-friendly farming (organic, LEAF marque) on farmland
wildlife.

Reduce field size (or maintain small fields)

We have captured no evidence for the effects of reducing field size (or maintaining
small fields) on farmland wildlife.

Provide or retain set-aside areas in farmland

Thirty-seven studies (one systematic review, no randomized, replicated, controlled
trials) compared use of set-aside areas with control farmed fields. Twenty-one
(including the systematic review) showed benefits to or higher use by all wildlife
groups considered. Thirteen studies found some species or groups used set-aside
more than crops, others did not. Two found higher Eurasian skylark reproductive
success and one study found lower success on set-aside than control fields. Four
studies found set-aside had no effect on wildlife, one found an adverse effect. Two
studies found neither insects nor small mammals preferred set-aside.

Connect areas of natural or semi-natural habitat

All four studies (including two replicated trials) from the Czech Republic, Germany
and the Netherlands investigating the effects of linking patches of natural or semi-
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natural habitat found some colonization by invertebrates or mammals. Colonization
by invertebrates was slow or its extent varied between taxa.

Manage hedgerows to benefit wildlife (includes no spray, gap-filling and laying)
Ten studies from the UK and Switzerland (including one randomized, replicated,
controlled trial) found managing hedges for wildlife increased berry yields, diversity
or abundance of plants, invertebrates or birds. Five UK studies (including one
randomized, replicated, controlled trial) found plants, bees and farmland birds were
unaffected by hedge management. Two replicated studies found hedge
management had mixed effects on invertebrates or reduced hawthorn berry yield.
Manage stone-faced hedge banks to benefit wildlife

We have captured no evidence for the effects of managing stone-faced hedge banks
to benefit farmland wildlife on farmland wildlife.

Manage ditches to benefit wildlife

Five studies (including one replicated, controlled study) from the UK and the
Netherlands found ditch management had positive effects on numbers, diversity or
biomass of some or all invertebrates, amphibians, birds or plants studied. Three
studies from the Netherlands and the UK (including two replicated site comparisons)
found negative or no clear effects on plants or some birds.

Restore or maintain dry stone walls

We have captured no evidence for the effects of restoring or maintaining dry stone
walls on farmland wildlife.

Plant new hedges

Two studies (including one replicated trial) from France and the UK found new
hedges had more invertebrates or plant species than fields or field margins. A review
found new hedges had more ground beetles than older hedges. However, an
unreplicated site comparison from Germany found only two out of 85 ground beetle
species dispersed along new hedges. A review found lower pest outbreaks in areas
with new hedges.

Protect in-field trees (includes management such as pollarding and surgery)

We have captured no evidence for the effects of protecting in-field trees on
farmland wildlife.

Plant in-field trees (not farm woodland)

We have captured no evidence for the effects of planting in-field trees on farmland
wildlife.

Maintain in-field elements such as field islands and rockpiles

We have captured no evidence for the effects of maintaining in-field elements such
as field islands and rockpiles on farmland wildlife.

Manage woodland edges to benefit wildlife

We have captured no evidence for the effects of managing woodland edges to
benefit wildlife on farmland wildlife.

Plant wild bird seed or cover mixture

Fifteen studies (including a systematic review) from the UK found fields sown with
wild bird cover mix had more birds or bird species than other farmland habitats. Six
studies (including two replicated trials) from the UK found birds used wild bird cover
more than other habitats. Nine replicated studies from France and the UK found
mixed or negative effects on birds. Eight studies (including two randomized,
replicated, controlled studies) from the UK found wild bird cover had more
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invertebrates, four (including two replicated trials) found mixed or negative effects
on invertebrate numbers. Six studies (including two replicated, controlled trials)
from the UK found wild bird cover mix benefited plants, two replicated studies did
not.

Plant nectar flower mixture/wildflower strips

Forty-one studies (including one randomized, replicated, controlled trial) from eight
countries found flower strips increased invertebrate numbers or diversity. Ten
studies (two replicated, controlled) found invertebrates visited flower strips. Fifteen
studies (two randomized, replicated, controlled) found mixed or negative effects on
invertebrates. Seventeen studies (one randomized, replicated, controlled) from
seven countries found more plants or plant species on flower strips, four did not.
Five studies (two randomized, replicated, controlled) from two countries found bird
numbers, diversity or use increased in flower strips, two studies did not. Five studies
(four replicated) found increases in small mammal abundance or diversity in flower
strips.

Manage the agricultural landscape to enhance floral resources

A large replicated, controlled study from the UK found the number of long-tongued
bumblebees on field margins was positively correlated with the number of ‘pollen
and nectar’ agri-environment agreements in a 10 km square.

Create uncultivated margins around intensive arable or pasture fields

Twenty studies (including one randomized, replicated, controlled trial) from seven
countries found uncultivated margins support more invertebrates, small mammal
species or higher plant diversity than other habitats. Four studies (including two
replicated studies from the UK) found positive associations between birds and
uncultivated margins. Fifteen studies (including one randomized, replicated,
controlled trial) from four countries found naturally regenerated margins had lower
invertebrate or plant abundance or diversity than conventional fields or sown
margins. Six studies (one randomized, replicated, controlled) from three countries
found uncultivated margins did not have higher plant or invertebrate abundance or
diversity than cropped or sown margins.

Plant grass buffer strips/margins around arable or pasture fields

Twenty studies (including two randomized, replicated, controlled studies) from four
countries found grass margins benefited invertebrates, including increases in
abundance or diversity. Nine studies (including two replicated, controlled trials) from
the UK found grass buffer strips benefit birds, with increased numbers, diversity or
use. Seven replicated studies (four controlled, two randomized) from two countries
found grass buffer strips increased plant cover and species richness, a review found
benefits to plants. Five studies (two replicated, controlled) from two countries found
benefits to small mammals. Six (including three replicated, controlled trials) from
two countries found no clear effect on invertebrate or bird numbers.

Provide supplementary food for birds or mammals

Nine studies (two randomized, replicated, controlled) from France, Sweden and the
UK found providing supplementary food increased abundance, overwinter survival or
productivity of some birds. Two of the studies did not separate the effects of several
interventions. Four studies (one replicated, controlled and one randomized,
replicated) from Finland and the UK found some birds or mammals used
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supplementary food. Six replicated studies (three controlled) from Sweden and the
UK found no clear effect on some birds or plants.

Make direct payments per clutch for farmland birds

Two replicated, controlled studies from the Netherlands found per clutch payments
did not increase overall bird numbers. A replicated site comparison from the
Netherlands found more birds bred on 12.5 ha plots under management including
per-clutch payments but there were no differences at the field-scale.

Provide other resources for birds (water, sand for bathing)

A small study in France found grey partridge density was higher in areas where
water, shelter, sand and food were provided.

Mark bird nests during harvest or mowing

A replicated study from the Netherlands found that marked northern lapwing nests
were less likely to fail as a result of farming operations than unmarked nests.
Provide refuges during harvest or mowing

A replicated study from France found mowing refuges reduced contact between
mowing machinery and unfledged quails and corncrakes. A replicated controlled
study and a review from the UK found Eurasian skylark did not use nesting refuges
more than other areas.

Provide foraging perches (eg. for shrikes)

We have captured no evidence for the effects of providing foraging perches on
farmland wildlife.

Provide nest boxes for birds

Two studies (including one before-and-after trial) from the Netherlands and the UK
found providing nest boxes increased the number of clutches or breeding adults of
two bird species. A replicated study from Switzerland found nest boxes had mixed
effects on the number of broods produced by two species. Eight studies (six
replicated) from five countries found nest boxes were used by birds. A controlled
study from the UK found one species did not use artificial nest sites. Three replicated
studies (one paired) from the UK and Sweden found box location influenced use or
nesting success.

Provide nest boxes for bees (solitary bees or bumblebees)

Ten studies (nine replicated) from Germany, Poland and the UK found solitary bee
nest boxes were used by bees. Two replicated trials from the UK found bumblebee
nest boxes had very low uptake. Two replicated studies found the local population
size or number of emerging red mason bees increased when nest boxes were
provided. A replicated trial in Germany found the number of occupied solitary bee
nests almost doubled over three years with repeated nest box provision.

Introduce nest boxes stocked with solitary bees

We have captured no evidence for the effects of introducing nest boxes stocked with
solitary bees on farmland wildlife.

Provide red squirrel feeders

We have captured no evidence for the effects of providing red squirrel feeders on
farmland wildlife.

Provide otter holts

We have captured no evidence for the effects of providing otter holts on farmland
wildlife.

Provide badger gates
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We have captured no evidence for the effects of providing badger gates on farmland
wildlife.

2.1. Support or maintain low intensity agricultural
systems

e \We have captured no evidence for the effects of supporting or maintaining low intensity
agricultural systems on farmland wildlife.

Background

Low-intensity agricultural systems have consistently been shown to have
higher biodiversity than more intensive systems. Supporting such systems may
therefore benefit farmland wildlife.

2.2. Increase the proportion of semi-natural habitat in
the farmed landscape

e Five studies monitored the effects of the Swiss Ecological Compensation Areas
scheme at a landscape scale, including three replicated site comparisons. Of these,
one found an increase in numbers of birds of some speciest. Two found no effect on
the number of bird species® or population densities of farmland birds3. Three
studies245 found mixed effects, with some species or groups of species increasing and
others decreasing.

Background

Agricultural intensification has resulted in a loss of semi-natural habitats.
These habitats include field margins, ditch banks, hedgerows, woods and ponds.
Those that persist support a high proportion of the remaining farmland
biodiversity.

This intervention is backed up by a body of correlative evidence, which
tends to find higher biodiversity or species abundances in areas with higher
proportions of semi-natural landscape. For example, in a review looking at the
relationship between agricultural biodiversity and semi-natural habitats
(Grashof-Bokdam & van Langevelde 2005), seven of nine studies found
significantly higher spider, bird, plant or butterfly diversity in agricultural
landscapes with greater proportions of semi-natural habitat. The one study on
mammal species found no such effect.

Here we summarize studies in which the proportion of semi-natural habitat
in the farmed landscape has been manipulated and responses of wildlife have
been monitored. Studies assessing the effects of the Swiss Ecological
Compensation Areas scheme at a landscape scale are included here. This scheme
obliged farmers in Switzerland to manage at least 7% of their agricultural land

area as Ecological Compensation Areas, from 1998 onwards.
Grashof-Bokdam, C. ]. & van Langevelde, F. (2005) Green veining: landscape determinants of
biodiversity in European agricultural landscapes. Landscape Ecology, 20, 417-439.

A before-and-after study in 6 km?2 of mixed farmland in Switzerland (1)
found that the populations of corn bunting Miliaria calandra, whitethroat Sylvia
communis and common stonechat Saxicola torquata all increased following an
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increase in the proportion of land under the Ecological Compensation Areas
(ECA) Scheme from 0.7% to 8.2% between 1992 and 1996 (corn buntings: six
pairs in 1992 vs 26 in 1996; whitethroat: 15 vs 44; stonechat: 14 vs 35). In
addition, across 23 study areas in Switzerland, ECA land and a 25 m buffer
around it occupied only 17% of farmland but contained more 37-38% of 68 red-
backed shrike Lanius collurio territories, 598 yellowhammer Emberiza citrinella
territories and 35 whitethroat territories. Only 6% of Eurasian skylarks Alauda
arvensis territories were found on ECA land.

A review on effects of the Swiss Ecological Compensation Areas (ECA)
scheme on biodiversity in arable landscapes in Switzerland (2) found that effects
differed between species and taxa. Bird species breeding in hedgerows
(dominated by yellowhammer Emberiza citrinella, linnet Carduelis cannabina,
red-backed shrike Lanius collurio and common whitethroat Syliva communis) and
wetlands (mainly reed warbler Acrocephalus scirpaceus and marsh warbler A.
palustris), had more territories than expected near ECAs (hedgerows: 143
territories expected vs 293 observed; wetlands: 31 territories expected vs 52
observed). For species preferring open agricultural habitats (skylark Alauda
arvensis, common quail Coturnix coturnix and common kestrel Falco tinnunculus),
fewer territories than expected were recorded near ECAs (151 expected vs 68
observed). Many compensation areas were located near vertical structures (such
as hedgerows or forest edges), which may bias these results. A correlation
between the proportion of ECAs in the landscape and presence of the meadow
grasshopper Chorthippus parallelus was found, but there was no such correlation
for the bow-winged grasshopper C. biguttulus. The report reviews results from a
number of studies. No details on study design, monitoring techniques or other
methods were given.

A 2007 site comparison study of 23 sites in the lowlands north of the Alps,
Switzerland (3) found that the percentage of farmland designated as Ecological
Compensation Area (ECA) had no effect on the population density of farmland
bird species or bird species with territories incorporating several habitat types.
ECAs are areas managed for the primary function of providing plant and animal
habitat - these include meadows farmed at a low intensity. For 37 species
surveyed in 1998-1999 and again in 2003-2004, population densities in
wetlands and rivers were not affected by vicinity to ECAs, although hedges and
traditional orchards close to ECAs did have higher bird population densities than
those further away. The 23 selected sites (covering up to 3 km? each) were
randomly selected and surveyed three times each between April and June in both
years of study.

A 2007 site comparison study of 516 survey points across the canton of
Aargau, Switzerland (4) found no consistent effects on biodiversity across taxa.
For birds, plants and butterflies, but not for snails, there were more species on
Ecological Compensation Area (ECA) than non-ECA sites in the first survey (9.7
vs 7.7 bird species, 19.2 vs 14.6 plant species and 7.3 vs 5.6 butterfly species on
ECA and non-ECA sites respectively). There were 4-5 snail species on both ECA
and control sites. Changes over time were different on ECA plots than non-ECA
plots for plants and snails, but not for birds and butterflies. Between the first
survey (1996-2000) and the second survey (2001-2005), numbers of vascular
plant and snail species increased on ECAs (by 5.1 and 1.4 species, respectively)
but not on non-ECA fields. Across the whole landscape, the number of bird
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species increased and the number of butterfly species decreased between the
two surveys, but the changes were similar on ECA and non-ECA sites. Sampling
was based on a regular 2 x 2 m grid system across the entire 1,403 km? of the
canton of Aargau. Plants, birds, butterflies and snails were surveyed at each grid
point. Whether the land or some of the 100 m radius circle plot (for the bird
survey) were designated as ECA was recorded. All plots were surveyed twice,
five years apart, with the first survey taking place in 1996-2000 and the second
in 2001-2005. The authors note that ECAs were typically established on
farmland with potential for maximum biodiversity gain, which may have affected
the relative numbers of species found in the first survey.

A replicated site comparison study of Ecological Compensation Areas (ECAs)
created over 97 ha from 1993 in Switzerland (5) found that between 1988 and
2006 the number of bird species remained stable in the entire study area, but
increased on ECAs (high-value areas and areas of no special ecological value).
Numbers declined on remaining land-use types, only slightly in nature reserves
and considerably on cultivated land. More of the 22 breeding bird species
recorded were within the nature reserves than ECAs or cultivated land.
Population trends were calculated for 12 common species, of which five
increased, five decreased and two remained stable. Population increases
prevailed in nature reserves and high-value ECAs. Negative population trends
were seen on ECAs of no special ecological value and cultivated land. ECAs
included wetlands and flower-rich meadows. Breeding bird data were collected

in 1988, 1989, 1999 and 2006 in different land use areas.

(1) Spiess, M., Marfurt, C. & Birrer, S. (2000) Ecological compensation - a chance for farmland
birds? Proceedings of the IFOAM 2000: the world grows organic. Basel, Switzerland 28-31 August
2000, pp 441.

(2) Herzog, F., Buholzer, S, Dreier, S., Hofer, G., Jeanneret, P., Pfiffner, L., Poiger, T., Prasuhn, V.,
Richner, W,, Schiipbach, B., Spiess, E., Spiess, M., Walter, T. & Winzeler, M. (2006) Effects of the
Swiss agri-environmental scheme on biodiversity and water quality. Mitteilungen der
Biologischen Bundesanstalt fiir Land-u. Forstwirtschaft 403, 34-39.

(3) Birrer, S, Spiess, M., Herzog, F., Jenny, M., Kohli, L. & Lugrin, B. (2007) The Swiss agri-
environment scheme promotes farmland birds: but only moderately. Journal of Ornithology, 148,
S295-303.

(4) Roth, T, Amrhein, V., Peter, B. & Weber, D. (2008) A Swiss agri-environment scheme
effectively enhances species richness for some taxa over time. Agriculture, Ecosystems &
Environment, 125, 167-172.

(5) Rudin, M,, Horch, P., Hugentobler, 1., Weber, U. & Birrer, S. (2010) Population trends of
breeding birds in the ecologically upgraded Rhine valley (canton of St. Gallen, Switzerland).
Ornithologische Beobachter, 107, 81-100.

2.3. Pay farmers to cover the cost of conservation
measures (as in agri-environment schemes)

e Twenty-six studies from four European countries (including one UK systematic review
and three European reviews) looked at the effects of agri-environment schemes on
birds. Twenty-four studies (including one systematic review, six site comparisons and
nine reviews) found increases in population size, density or more favourable population
trends of some or all birds studied on sites with agri-environment schemes compared
to non_scheme Sitesl,3—6,8,10—12,14,15,18,19,25,26,29,31,32,37,38,40,43—46,48 (Some Of these
differences were seasonal). Eleven studies (including one systematic review and four
reviews) found negative or no effects’.10-12.14-16,18,19.25,29,3241.4445 Qne UK study found
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higher numbers of some birds where higher tier management was in place’, another
UK study found no difference between Entry Level or Higher Level Stewardship
Scheme fields#’”. One study from the Netherlands found that not all agri-environment
scheme agreements were sited in ideal locations for black-tailed godwits.

e Eleven studies from five European countries (including three replicated paired site
comparisons and two reviews) looked at the effects of agri-environment schemes on
plants. Seven studies (including three replicated paired site comparisons and one
European review) found agri-environment schemes maintained721.24 or had little or no
effectl420.273441 on plants, plant diversity or species richness. Three studies found
increases in plant species richness in areas with agri-environment schemes142142 two
found decreases!36, A replicated site comparison study from Estonia found higher
flower abundance on farms with agri-environment schemes in two out of four areas3°.
A review found Environmentally Sensitive Areas in England had contributed to halting
the loss of semi-natural grassland habitats but were less effective at enhancing or
restoring grassland biodiversity2.

e Ten studies from three European countries (including two replicated paired site
comparisons and a review) looked at the effects of agri-environment schemes on
invertebrates. Six studies (including two replicated site comparisons) showed agri-
environment schemes maintained?! or had little or no effect®20223041 on some
invertebrates in terms of diversity, abundance, species richness or bee colony growth.
Five studies found increases in abundance or species richness of some
invertebratest421.303342 A UK study found agri-environment scheme prescriptions had
a local but not a landscape-scale effect on bee numbers3®.

e Four studies (including two replicated site comparisons and a review) from the UK
looked at the effects of agri-environment schemes on mammals. One study found
positive effects?, three studies found mixed effects in different regions or for different
speciesi12840,

e Three of the studies above found higher numbers of wildlife on land before agri-
environment schemes were introduced>1641, However two studies collecting baseline
data found no difference in the overall number of birds?® or earthworms and soil
microorganisms?2 between areas with and without agri-environment schemes.

e A review found two out of three agri-environment schemes in Europe benefited
wildlife?s.

Background

Agri-environment schemes are government or inter-governmental schemes
designed to compensate farmers financially for changing agricultural practice to
be more favourable to biodiversity and landscape. In Europe, agri-environment
schemes are an integral part of the European Common Agricultural Policy (CAP)
and Member States devise their own agri-environment prescriptions to suit their
agricultural economies and environmental contexts.

Since agri-environment schemes represent many different specific
interventions relevant to conservation, and where a study’s results can be clearly
assigned to a specific intervention, they appear in the appropriate section. This
section, meanwhile, includes evidence about the success of agri-environment
policies overall.
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Evidence relating to the Swiss Ecological Compensation Areas with
biodiversity monitoring on a landscape scale is placed under ‘Increase the
proportion of natural habitat in the landscape’.

A replicated study from 1992 to 1994 within the South Downs
Environmentally Sensitive Area, Sussex, UK (1) found that Eurasian skylark
Alauda arvensis numbers increased but brown hare Lepus europaeus numbers
were stable over two years on the Environmentally Sensitive Area farms. There
were significantly more breeding pairs of skylark in 1993 (5 males/km?)
compared to 1992 (3 males/km?). The number of hares remained stable over the
study period. Four arable, 10 mixed and three pastoral farms were studied.
Hares were sampled by spotlight counting over an average of 26% of the area of
each farm between November and March (1992-1993, 1993-1994). Skylarks
were sampled by mapping breeding males during two counts along transects on
12-17 farms from April to June (1992 and 1993).

A 1997 review (2) concluded that Environmentally Sensitive Areas had
made a significant contribution to halting the loss of semi-natural grasslands in
England, but were less effective in enhancing and restoring grassland
biodiversity, a decade after introduction of the Environmentally Sensitive Areas
scheme. The paper made a broad assessment of the effectiveness of the scheme
in protecting England’s lowland semi-natural grasslands. Among
Environmentally Sensitive Areas of greatest significance for their lowland
grassland, six were of ‘outstanding’ significance (containing >40% of the English
resource of a grassland type) and two were of ‘considerable’ significance
(containing 10-40% of 1-2 grassland types or 5-10% of three or more grassland
types). Entry of land supporting semi-natural grassland was generally high (e.g.
covering 80% of chalk grassland in the South Downs Environmentally Sensitive
Area). However, there was evidence in some Environmentally Sensitive Areas
that grassland habitats were declining in quality due to management being
insufficiently tailored to biodiversity interest e.g. permitting use of inorganic
fertilizers.

A 1998 literature review (3) found that cirl bunting Emberiza cirlus in the UK
responded positively to Countryside Stewardship Schemes, reaching population
levels of 360-388 occupied territories in 1995-1997 (Evans 1997), compared
with 118 or so in the mid-1980s (Evans 1992). Some of the interventions used
include reducing grassland management intensity, sowing arable field margins,
managing hedgerows for wildlife, growing spring barley, reducing herbicide use
and maintaining overwinter stubbles.

A 2000 literature review from the UK (4) found that the populations of four
farmland birds (grey partridge Perdix perdix, cirl bunting Emberiza cirlus,
corncrake Crex crex and Eurasian thick-knee (stone curlew) Burhinus
oedicnemus) increased following agri-environment schemes targeted for them.
The individual schemes are discussed in the relevant interventions.

A 2000 review of the effectiveness of agri-environment schemes in England
(5) reported that two bird species - Eurasian thick-knee (stone curlew) Burhinus
oedicnemus and cirl bunting Emberiza cirlus had benefited from the introduction
of agri-envrionment schemes. Numbers of cirl bunting increased from 118 pairs
in 1989 to approximately 450 in 1998 following the introduction of measures
including a ‘special project’ under the Countryside Stewardship Scheme. The
review also stated that cirl bunting numbers showed an 82% increase in squares
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with Countryside Stewardship Scheme agreements between 1992 and 1998, but
only a 2% increase on adjacent non-Countryside Stewardship Scheme squares.
The number of Eurasian thick-knees increased from 150 pairs in 1991 to 254 by
2000 following the introduction of measures associated with agri-environment
schemes including habitat management in the Brecks Environmentally Sensitive
Area, and provision of nesting plots on set-aside as part of the Countryside
Stewardship Scheme.

A paired site comparison study in 1992, 1998 and 1999 in south Devon,
England (6) found that the number of cirl bunting Emberiza cirlus increased
significantly more (up 72%, from 54 to 93 breeding territories) in areas
participating in the Countryside Stewardship Scheme, than on adjacent land not
participating in the scheme (down 20%, from 124 to 96 territories) between
1992 and 1999. Countryside Stewardship Scheme land that was near to known
cirl bunting breeding territories saw greater increases in cirl bunting numbers
than Countryside Stewardship Scheme areas further away - of the nine
agreements further than 2 km from the nearest known breeding site in 1992,
seven remained uncolonized in 1999, one lost its only pair and one gained a pair.
Forty-one 2 x 2 km? squares containing both land within the Countryside
Stewardship Scheme and non-Countryside Stewardship Scheme land were
surveyed in 1992, 1998 and 1999. In each year each tetrad was surveyed at least
twice, the first time during mid-April to late May, and the second time between
early June and the end of August.

A study in 1997 in two Environmentally Sensitive Areas in eastern England
(7) found that higher tier options (i.e. those with more demanding prescriptions
but higher financial compensation) held significantly higher densities of wading
birds (northern lapwing Vanellus vanellus, common redshank Tringa totanus and
common snipe Gallinago gallinago) than lower tiers (Tier 1: 0.02-0.04 pairs/ha;
Tier 2: 0.07-0.22; Tier 3: 0.40). In addition, they held more waders for each unit
of money spent on the Environmentally Sensitive Area (Tier 1: 18-46
pairs/£100,000; Tier 2: 29-114; Tier 3: 167). However, when examining 1988-
1997 population trends in four Environmentally Sensitive Areas, the authors
found all three species investigated declined significantly (lapwing: 1-13%
decline each year, redshank: 2-19%, snipe: 7-30%).

A 2002 review of research on agri-environment schemes in England (8)
summarized two reports (Wilson et al. 2000, ADAS 2001) evaluating the effects
of the Pilot Arable Stewardship Scheme in two regions (East Anglia and the West
Midlands) from 1998-2001. At the whole farm scale in winter, seed-eating
songbirds, thrushes (Turdidae) and wagtails (Motacilla spp.) showed some
benefit on agreement farms relative to control farms (numbers not given). In
summer, numbers of breeding northern lapwing Vanellus vanellus, reed bunting
Emberiza schoeniclus, greenfinch Carduelis chloris, house sparrow Passer
domesticus, starling Sturnus vulgaris and yellow wagtail M. flava were higher on
agreement farms. Agreement farms had some of the following options:
overwinter stubbles (sometimes preceded by reduced herbicide, followed by
fallow or a spring crop), undersown spring cereals (sometimes followed by a
grass or grass/clover Trifolium spp. ley), arable crop margins with reduced
spraying (conservation headlands), grass margins or beetle banks and sown
wildlife seed mixtures (pollen and nectar or wild bird seed mix). Overwinter
stubble (974 and 2,200 ha in East Anglia and West Midlands respectively) and
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conservation headlands (605 and 1,085 ha in East Anglia and West Midlands
respectively) were the most widely implemented options. The effects of the pilot
scheme on birds were monitored at the farm scale over three years, relative to
control areas, or control farms.

A replicated site comparison study in southern England (9) found no
measurable difference in experimental buff-tailed bumblebee Bombus terrestris
colonies in terms of colony growth, worker bee traffic, number or size of worker
bees, queens and males produced or diversity of pollen collected between
colonies on 10 farms with substantial conservation measures and those on 10
conventional arable farms. Conservation measures included conservation
headlands, set-aside and minimal use of pesticides. Experimental bumblebee
colonies were placed under hedges or shrubs on each farm, and every week nests
were weighed and numbers of bees leaving and entering each colony counted for
10 minutes. Colonies were analysed after four weeks. The authors suggest the
lack of difference is because the buff-tailed bumblebee has a foraging range that
extends beyond individual farms, which may not be true for other bumblebee
species.

A replicated site comparison study of 102 sites across East Anglia and the
West Midlands, UK (10) found that two years after the introduction of the Pilot
Arable Stewardship Scheme (introduced in 1998) there was no difference in the
number of farmland bird species observed in winter on Pilot Arable Stewardship
Scheme farms and non-scheme farms. There were, however, significantly more
seed-eating songbirds, wagtails and pipits (Motacillidae) on farms participating
in the scheme than on farms not participating in the scheme. A further survey of
98 fields in summer found that although there were significantly more northern
lapwing Vanellus vanellus, common starling Sturnus vulgaris, greenfinch Carduelis
chloris and reed bunting Emberiza schoeniclus on Pilot Arable Stewardship
Scheme fields, there were also fewer woodpigeon Columba palumbus, sedge
warbler Acrocephalus schoenobaenus and rook Corvus frugilegus than on the non-
Pilot Arable Stewardship Scheme farms. Fifty-four Pilot Arable Stewardship
Scheme and 48 comparable non-Pilot Arable Stewardship Scheme farms were
surveyed for farmland birds in both the winters of 1998-1999 and 1999-2000.
Fifty Pilot Arable Stewardship Scheme and 48 non-Pilot Arable Stewardship
Scheme farms were surveyed in the summer months of 1999 and 2000. The
seed-eating songbirds identified included 13 species of finches (Fringillidae),
buntings (Emberizidae) and sparrows (Passeridae), while the wagtails and pipits
comprised three species. This study was part of the same monitoring project as
(11,16,25).

A replicated site comparison study of 71-76 farms in East Anglia and the
West Midlands, UK (11) found no consistent difference in the change in the
number of brown hare Lepus europaeus and grey partridge Perdix perdix
between 1998 and 2002 across either Arable Stewardship Pilot Scheme farmland
or non-Arable Stewardship Pilot Scheme farmland. In East Anglia the density of
brown hares increased on Arable Stewardship Pilot Scheme farms (from 16.2 to
20.0 hares/km?), but not on non-Arable Stewardship Pilot Scheme farmland
(12.1 hares/km? in both 1998 and 2002). In the West Midlands hare densities
fell slightly on Arable Stewardship Pilot Scheme plots (from 4.9 to 4.3
hares/km?) but not on non-Arable Stewardship Pilot Scheme plots (3.5
hares/km? in both survey years). In East Anglia grey partridge densities fell by
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21% on Arable Stewardship Pilot Scheme farms (9.6 to 7.6 birds/km?) and 68%
on non-Arable Stewardship Pilot Scheme farms (5.5 to 1.8 birds/km?), whereas
in the West Midlands grey partridge densities fell by 78% on Arable Stewardship
Pilot Scheme farms (3.0 to 0.8 birds/km?) and 40% on non-Arable Stewardship
Pilot Scheme farms (1.4 to 0.8 birds/km?). Following the introduction of the
Arable Stewardship Pilot Scheme in 1998, hare density data was collected after
dark in the winters of 1998-1999 and 2002-2003 from 19 Arable Stewardship
Pilot Scheme and 18 non-Arable Stewardship Pilot Scheme farms in East Anglia
and 19 Arable Stewardship Pilot Scheme and 15 non-Arable Stewardship Pilot
Scheme farms in the West Midlands. Surveys of grey partridge were made once
each autumn in 1998 and 2002 on 76 farms: 20 Arable Stewardship Pilot Scheme
and 19 non-Arable Stewardship Pilot Scheme farms in East Anglia and 20 Arable
Stewardship Pilot Scheme and 17 non-Arable Stewardship Pilot Scheme farms in
the West Midlands. This study was part of the same monitoring project as
(10,16,25).

A study from nine areas of the UK under Environmentally Sensitive Area
schemes (12) found that the impacts of Environmentally Sensitive Area
designation on farmland birds were mixed. There was evidence for population
increases or high numbers of some species of birds on Environmentally Sensitive
Area-managed land for four Environmentally Sensitive Areas. Populations of
some species were stable in six Environmentally Sensitive Areas, often in
contrast to national trends, but four Environmentally Sensitive Areas saw falls in
the populations of at least one target species. The authors also note that in five
regions there were not adequate data for all target species.

A 2003 review of monitoring of agri-environment schemes in Europe (13)
described long-term monitoring results (three years or more) for three agri-
environment programmes in the UK, Ireland and the Netherlands. Some wildlife
benefits were found for two of the three programmes: the Dutch Natuurbeheer
(Kleijn et al. 2001 - study described under ‘Reduce management intensity on
permanent grasslands’) and the UK Environmentally Sensitive Areas Scheme
(17,24), but not for the third scheme (the Irish Rural Environment Protection
Scheme (20)). The benefits were not always aligned with the scheme objectives.

A 2003 review of 62 studies from six European countries (14) found that,
overall, 54% of the species groups examined showed an increase in species
richness or abundance under agri-environment schemes. Agri-environment
schemes had no consistent effect on bird species. While there were individual
successes, such as the 83% increase in cirl bunting Emberiza cirlus between 1992
and 1998 on land within the Countryside Stewardship Scheme compared with
the 2% increase on adjacent land not in the scheme (6), only 13 out of 29 studies
found agri-environment schemes increased bird species richness or abundance.
Two studies reported negative effects and nine reported both positive and
negative effects. Of the 19 studies which involved statistical tests, only four found
positive effects, two reported negative effects and nine reported both positive
and negative effects on species richness or abundance of birds. Half of the studies
on plants that included statistical analyses (seven out of 14) found no effect, six
studies found increased species richness/abundance and two found decreases.
For insects and spiders (Araneae), 11 out of 17 studies that included statistical
analyses found increases in species richness/abundance, none found decreases
and three showed increases and decreases. Three out of the 62 studies included
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bees (Apidae). Two studies (Allen et al. 2001, Kleijn et al. 2001) found more bees
(more species of bee in the case of Kleijn et al. 2001) on agri-environment fields
compared to control fields under certain schemes. The third study (Kleijn et al.
1999) reported not to have found a difference in bee abundance or species
richness between seven agri-environment fields and seven control fields.

A 2004 review of agri-environment scheme uptake and effectiveness in
Europe (15) found that in the UK, four rare bird species (grey partridge Perdix
perdix, corncrake Crex crex, Eurasian thick-knee (stone curlew) Burhinus
oedicnemus and cirl bunting Emberiza cirlus) benefited from agri-environment
schemes (4). Although the authors note that densities of some species were
higher on agri-environment scheme farms before they were designated. Similar
methodological issues were found with studies in the Netherlands, where studies
found that, at both field and larger scales, there were no population-level
benefits of agri-environment scheme designation (Kleijn et al. 2001), although
hatching and fledging rates of some species were higher on agri-environment
scheme farms (eg. Musters et al. 2000, Schekkerman & Miiskens 2000).

A replicated site comparison study of 74 farms in East Anglia and the West
Midlands, UK (16) found few differences in the density of farmland birds on
farms participating in the Arable Stewardship Pilot Scheme and non-Arable
Stewardship Pilot Scheme land, five years after the introduction of the scheme. In
the West Midlands, although seed-eating songbirds, wagtails and pipits
(Motacillidae), insectivores, and raptors were found at higher densities on Arable
Stewardship Pilot Scheme land than non-Arable Stewardship Pilot Scheme land,
these higher densities were already present when measured within one year of
the introduction of the scheme. Moreover, in East Anglia there were no
differences in the bird densities found on Arable Stewardship Pilot Scheme and
non-Arable Stewardship Pilot Scheme fields. Surveys of grey partridge Perdix
perdix populations on 76 farms in 1998 and 2002 found that adult densities
decreased uniformly on both Arable Stewardship Pilot Scheme and non-Arable
Stewardship Pilot Scheme farms over the five-year period. Bird surveys were
carried out twice each winter, during the winters of 1998-1999 and 2002-2003
on 18 Arable Stewardship Pilot Scheme and 19 non-Arable Stewardship Pilot
Scheme farms in East Anglia and 19 Arable Stewardship Pilot Scheme and 18
non-Arable Stewardship Pilot Scheme farms in the West Midlands. This study
was part of the same monitoring project as (10,11,25).

A 2004 analysis of monitoring data (a replicated site comparison) in the UK
(17) concluded that agri-environment schemes maintain, but do not reliably
improve, plant diversity in grasslands. In 22 of 38 datasets, no change was
detected in the vegetation under agri-environment schemes. Nine showed some
change towards the desired plant community, and seven showed further
deterioration. Of 17 datasets that included non-agreement land for comparison,
seven found agri-environment agreements were benefitting plant communities
(deterioration or no change on non-agreement land contrasting with
maintenance or restoration on agreement land). Two found more positive trends
in plant communities outside agri-environment schemes than under them. In
eight comparisons, there was no difference between agreement and non-
agreement land. Thirty-eight sets of vegetation monitoring results were
analysed. They included 188 specific agri-environment schemes aimed at
maintaining, enhancing or restoring grasslands or grassland landscapes in the
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UK. These involved repeated monitoring over up to eight years, on between four
and 400 locations/agri-environment scheme, using a range of sampling
strategies.

A 2004 literature review of farmland bird declines in the UK (18) found that
12 of 30 declining species have shown local population density increases after
the implementation of agri-environment scheme options. Five out of ten seed-
eating birds responded positively to agri-environment schemes, one (cirl bunting
Emberiza cirlus) showing large increases. Three other songbirds, corncrake Crex
crex, grey partridge Perdix perdix and two wading birds responded to agri-
environment scheme options. A further seven species responded to local
conservation measures and eleven species were not studied sufficiently were
found not to respond to conservation measures or were recovering following
national legislation (i.e. the prohibition of organochlorine pesticides).

A 2004 literature review (19) describes how ten years of agri-environment
schemes in the UK have failed to halt the decline of many formerly common
farmland bird species. However, it also points out that specially-designed agri-
environment scheme options have led to local-scale population increases of
three rare and range-restricted species (corncrake Crex crex, Eurasian thick-knee
(stone curlew) Burhinus oedicnemus and cirl bunting Emberiza cirlus) (4).

A replicated, paired sites, comparison study in 1999 and 2000 on 60 farms
in three counties of Ireland (20) found no consistent difference between Rural
Environment Protection Scheme and non-Rural Environment Protection Scheme
farms in plant or ground beetle (Carabidae) diversity or abundance. Non-Rural
Environment Protection Scheme farms had the greatest range in species
richness, and included farms with the lowest and highest numbers of plant
species (23 and 50 plant species, respectively) and ground beetle species (12 and
30 ground beetle species). There were more plant species on grassland field
margins on non-Rural Environment Protection Scheme farms (average 14.2
species/margin) than on Rural Environment Protection Scheme farms (12.5
species/margin). Sixty farms with Rural Environment Protection Scheme
agreements at least four years old were paired with sixty similar farms without
agreements. The farm pairs were in three Irish counties: Laois and Offaly (largely
cattle farms with pasture) and Wexford (largely mixed arable farming). On each
farm, two randomly selected hedges, the adjacent field margin and one
watercourse margin were surveyed for plants and ground beetles. In each field
margin and watercourse margin, all plant species were recorded in two 5 x 3 m
quadrats, and percentage cover estimated in a 1 x 3 m quadrat. All plant species
in a 30 m stretch of hedge were recorded. Ground beetles were sampled in four
pitfall traps/field margin (eight traps/farm), set at 10 m intervals in early June
and late August.

A replicated, controlled trial from 1994-2004 in the five Environmentally
Sensitive Areas in Northern Ireland (21) (same study as (24)) found that overall,
farms without Environmentally Sensitive Area agreements showed a decrease in
invertebrate diversity, and a decrease in the number of plant species
characteristic of infertile soils, while these decreases did not happen on
Environmentally Sensitive Area farms. The number of plant species
characteristic of infertile soils (stress-tolerant species) on hay meadows
significantly increased from 1994-2004 on Environmentally Sensitive Area
agreement farms, but decreased on farms without Environmentally Sensitive
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Area agreements (numbers not given). Two ground beetle (Carabidae) species of
conservation interest increased on farms with Environmentally Sensitive Area
agreements between 1994 and 2004, each in one of the five Environmentally
Sensitive Areas. The ground beetle Cymindis vaporariorum, characteristic of
upland heaths and raised bogs, increased in the Glens and Rathlin Island
Environmentally Sensitive Area; Carabus clatratus (a wet grassland/bog species)
increased on participant farms in the West Fermanagh and Erne Lakelands
Environmentally Sensitive Area. Plants, birds, spiders (Araneae) and ground
beetles were monitored from 1994-2004, on farms with and without
agreements, in the five Environmentally Sensitive Areas: Mourne and Slieve
Croob (established 1988), Slieve Gullion (established 1994), Antrim Coast, Glens
and Rathlin Island (established 1989), Sperrins (established 1994) and West
Fermanagh and Erne Lakelands (established 1993). Monitoring was on
permanent randomly placed quadrats, in seven habitat types: wet grassland,
limestone grassland, unimproved grassland, hay meadows, heather moorland,
woodland and field boundaries. Quadrats were partially surveyed every three
years, and fully surveyed in 1994 and 2004.

A replicated, controlled trial in Estonia (22) found no difference in numbers
of earthworms (Lumbricidae) or soil microbial activity between arable soils with
and without agri-environment schemes, in the first two years of a pilot agri-
environment scheme. There were 32-224 earthworms/m?2 of 1-5 species in the
Jogeva County area and 0-614 earthworms/m?2 of 0-5 species in the Saare
County area. The grey worm Aporrectodea caliginosa was dominant (81-89% of
all earthworm individuals) in both areas. As the scheme had been in place for one
or two years only, the authors considered these results to be baseline data,
showing no initial differences in soils between agri-environment and control
areas. The ‘Environmentally Friendly Production Scheme’ required restricted
nitrogen fertilizer (100 kg/ha or less), limited field size, at least 15% of the
cultivated area to be under legumes or grass and legumes, with cereals not
grown for more than three years in a row, uncultivated field margins and
maintenance of existing landscape elements, including semi-natural habitats. The
pilot scheme began in 2001. For each pilot area, earthworms were monitored in
one cereal field on each of ten farms with the Environmentally Friendly
Production Scheme, and five farms without it, in an adjacent reference area.
Earthworms were sampled by hand-sorting from five soil blocks 50 x 50 x 40 cm.
Microbial activity was sampled by estimating the activity of dehydrogenase
enzymes (the fluorescein diacetate method).

A replicated study in 2005 of 2,449, 1 km squares across arable and pastoral
farmland in England at the start of the Entry Level Scheme (23) found that there
was no difference in the total number of bird species between 1 km? of land
participating in the scheme and areas not participating in the scheme. Eight bird
species had a significantly higher occurrence on Entry Level Scheme squares,
whilst seven species (mainly non-farmland bird species) had higher occurrences
on non-Entry Level Scheme squares. Three species had higher abundance on
Entry Level Scheme squares (all farmland specialists: linnet Carduelis cannabina,
tree sparrow Passer montanus, stock dove Columba oenas) and 17 species were
more abundant on non-Entry Level Scheme squares. There were 975 squares on
land under the Entry Level Scheme land and a further 1,474 squares on
conventionally managed farmland. Each square was surveyed twice along a 2 km
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transect route, recording all birds seen or heard. The Entry Level Stewardship
scheme was introduced in 2005 and the data from this study was used to provide
a baseline against which future surveys could monitor the effectiveness of the
scheme.

A replicated, before-and-after trial in Northern Ireland (24) (same study as
(21)) found that the number of plant species on land managed under the
Environmentally Sensitive Area scheme over ten years was maintained but not
enhanced on grasslands, and maintained in heather moorland in two of three
areas for which results were reported. The number of higher plant species did
not increase between 1993 and 2003 in the Environmentally Sensitive Area
grassland sites, which were all in the West Fermanagh Environmentally Sensitive
Area (33-41 species/transect). In heather moorland, average cover of heather
increased in one of the five Environmentally Sensitive Areas (13 sites in West
Fermanagh), but did not change at two others (43 sites in Sperrins
Environmentally Sensitive Area, 6 sites in Antrim Coast Environmentally
Sensitive Area). The number of plant species on heather moorland was
maintained at these two Environmentally Sensitive Areas but declined between
1994 and 2004 in the Slieve Gullion Environmentally Sensitive Area (13 sites).
Values are not given for heather cover or numbers of plant species on heather
moorland. The study monitored plant diversity at 63 grassland sites and 93
heather moorland sites, first in 1993-1994 before the Environmentally Sensitive
Area management began and again 10 years later. The sites were randomly
selected from a database of farmers joining the Environmentally Sensitive Area
scheme in 1993.

A replicated study in 1999 and 2003 on 84 farms in East Anglia and the West
Midlands, UK (25) found that only three bird species (two in East Anglia, one in
the West Midlands) showed a significant positive response to the introduction of
agri-environment schemes (Arable Stewardship Pilot Scheme), whilst one
showed a significant negative effect. Meadow pipit Anthus pratensis, carrion crow
Corvus corone and reed bunting Emberiza schoeniclus either declined less or
increased on farms wunder agri-environment schemes, compared to
conventionally managed ‘control’ farms. Corn bunting Miliaria calandra declined
significantly faster on agri-environment scheme farms. Overall, only six species
showed any positive response (significant or not) in both regions. Ten species
showed negative responses in both regions and 12 showed a positive response in
one region and a negative response in the other. This study was part of the same
monitoring projectas (10,11,16).

A single farm, Rawcliffe Bridge, East Yorkshire, UK (26), with a combination
of conservation measures prescribed under the Entry Level Stewardship Scheme,
had higher densities of some bird species than the average for UK lowland farms.
Meadow pipit Anthus pratensis, reed bunting Emberiza schoeniclus, Eurasian
skylark Alauda arvensis, grey partridge Perdix perdix, corn bunting E. calandra
and yellow wagtail Motacilla flava occurred in higher numbers in each
monitoring year than the average lowland farm density (provided by the British
Trust for Ornithology). For example, there were between 12 and 22 meadow
pipit pairs/100 ha at Rawbridge, compared to a national average of less than
three. Birds on the farm were monitored five times each year from 2003 to 2005,
by walking the field boundaries. The number of breeding pairs/ha was estimated
from clusters of sightings.
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A replicated site comparison study in 2005 and 2006 on 31 farms in Seine-
et-Marne, France (27) found that agri-environment measures did not benefit
plant diversity. The number of plant species was higher on farms with one or two
agri-environment measures than those with none at all, but farms with between
three and seven different agri-environment measures had generally fewer plant
species than farms with very few measures. Plant diversity (Simpson’s diversity
index) was unaffected by the number of agri-environment measures per farm.
Twenty-six fields from 17 farms were sampled three times in 2005 (April, June,
September). Sixty-four fields from 31 farms (including all those surveyed in
2005) were sampled twice in 2006 (April and July). Plants were recorded in ten
permanent, regularly spaced, 1 m? (0.5 x 2 m) quadrats along the permanent
margins of each field.

A replicated site comparison study in Northern Ireland (28) found that areas
with agreements under the Environmentally Sensitive Areas scheme did not
have more Irish hares Lepus timidus hibernicus than areas outside the scheme
(around 0.4 Irish hares/km on average). Rabbits Oryctolagus cuniculus and red
foxes Vulpes vulpes were more abundant in Environmentally Sensitive Areas
(around 2 rabbits and 0.5 foxes/km on average) than in non-Environmentally
Sensitive Areas (around 1 rabbit and 0.2 foxes/km on average), both species are
considered pests on farmland. One-hundred-and-fifty 1 km? were randomly
selected from within Northern Ireland’s five Environmentally Sensitive Areas. A
sample of 50 non-Environmentally Sensitive Area squares were matched for land
use, altitude, road type and distance from the Environmentally Sensitive Area
boundary. Mammals were surveyed by spotlight on night drives in mid-winter
2005, on both sides of 1 km of road bisecting each survey square. Irish hares,
rabbits and red foxes were counted.

A 2007 systematic review of 29 studies incorporating data for 15 farmland
bird species in the UK (29) found that there were significantly higher winter
densities of farmland birds on fields under agri-environment schemes than on
conventionally managed fields. Considering each scheme individually, there were
greater winter densities of birds on fields within the Arable Stewardship Pilot
Scheme, Countryside Stewardship Scheme, organically farmed fields, fields with
set-aside, overwinter stubble, and wild bird cover than on conventionally farmed
fields. Overall, eight species (53%) had significantly higher winter densities on
agri-environment fields compared to conventional cropping (corn bunting
Miliaria calandra, greenfinch Carduelis chloris, grey partridge Perdix perdix,
northern lapwing Vanellus vanellus, linnet C. cannabina, rook Corvus frugilegus,
Eurasian skylark Alauda arvensis and song thrush Turdus philomelos) and no
species were found to have higher densities on conventional agricultural fields
compared to those fields entered under agri-environment scheme agreements.
Although both organic fields and set-aside fields in summer had significantly
higher densities of farmland birds, there was no difference between the number
of birds on conventionally farmed fields and Arable Stewardship Pilot Scheme
fields in summer. Six species (35%; grey partridge, lapwing, woodpigeon
Columba palumbus, skylark, rook and cirl bunting Emberiza cirlus) of the 17 for
which summer data were available were found at significantly higher densities
on agri-environment scheme fields compared with fields under conventional
systems. The migratory yellow wagtail Motacilla flava was found at lower
densities on scheme fields than on conventionally managed fields. In total 29
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papers describing experiments conducted between 1985 and 2005 on a total of
12,653 fields (5,381 fields under agri-environment schemes and 7,272 fields
farmed conventionally) were used for the meta-analysis. The meta-analysis
included seven site comparison studies, five randomized controlled trials and 17
controlled trials.

A replicated site comparison study in four regions of Estonia (30) found
more bumblebee Bombus spp. species and higher flower abundance on farms
with agri-environment agreements in two of the four regions. In the central
Estonian regions, with large fields and homogenous agriculture (Tartu and
Jogeva), organic and Environmentally Friendly Production Scheme farms had
more bumblebee species than conventional farms (8-9 species/farm on organic
or agri-environment farms, compared to around 5 species/conventional farm).
There was no difference in numbers of bumblebee species or flower abundance
between types of farm in the south and west Estonian regions (Véru and Saare).
Bumblebees were monitored on 22 farms in each region - ten organic farms, six
in the Environmentally Friendly Production Scheme and six conventional farms
with no environmental agreement. Bumblebees were counted on 500 x 2 m
transects, six times between June and August 2006, on days with temperature
above 16 °C and wind speed less than 6 m/s. Flower abundance was assessed on
the transects using a four point scale.

A site comparison study of 677 plots covering 38,705 ha across southern
England (31) found that for three wading bird species, population trends were
more favourable (increasing or declining less rapidly) in areas under
Environmentally Sensitive Area scheme options aimed at enhancing habitat than
in the less expensive Environmentally Sensitive Area habitat maintenance
options and in parts of the surrounding countryside not participating in the
scheme. Nature reserves were shown to be most effective at maintaining wader
populations. Between 1982 and 2002, common redshank Tringa totanus
declined by 70% in the wider countryside but increased overall from 646 to 755
pairs (up 17%) on Environmentally Sensitive Area designated land, with the
largest increase observed in nature reserves outside Environmentally Sensitive
Areas (160%). Northern lapwing Vanellus vanellus showed a 48% decline in the
wider countryside, and increased only in nature reserves outside
Environmentally Sensitive Areas (by 55%) and reserves with Environmentally
Sensitive Area enhancement (121%). Common snipe Gallinago gallinago
breeding numbers decreased everywhere (commonly with declines of 90% or
more), although declines were smaller in nature reserves outside
Environmentally Sensitive Areas (-66%) and reserves in Environmentally
Sensitive Area enhancement (-24%). The Environmentally Sensitive Area
scheme was introduced in 1987 and offered payments for either maintaining or
enhancing landscape quality and biodiversity. Breeding waders were surveyed in
1982 and 2002 at lowland wet grassland sites covering ten counties in England.
In both years, three censuses were carried out at each site between mid-April
and mid-June.

A before-and-after study, examining data from 1976 to 2003 from farms
across southern Sweden (32) found that four locally migrant farmland birds
(northern lapwing Vanellus vanellus, Eurasian skylark Alauda arvensis, common
starling Sturnus vulgaris and linnet Carduelis cannabina) showed less negative
(or positive) population trends during 1987-1995, a period of agricultural
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extensification that included the introduction of agri-environment schemes,
compared to in the preceding period of intensification (1976-1987). However,
following the adoption of the Common Agricultural Policy (CAP) in 1995-2003,
the species showed more negative population trends again, despite the
widespread adoption of agri-environment scheme options. Three non-migrant
species (house sparrow Passer domesticus, tree sparrow P. montanus and
yellowhammer Emberiza citrinella) showed more diverse population trends and
responses to agricultural changes were largely non-significant.

A replicated site comparison study over 20 years in the UK (33) found that
chalkhill blue butterflies Polyommatus coridon increased more on sites with agri-
environment scheme agreements than sites without. Chalkhill blue numbers
increased on average 3.16%/year at 66 sites with Countryside Stewardship
Scheme or Environmentally Sensitive Area agreements, compared to no
significant trend at non-scheme sites. Chalkhill blues were counted annually
from 1981 to 2000, at 161 sites across its entire UK range. This was part of the
UK Butterfly Monitoring Scheme, which takes weekly transect counts along a set
route at each site and follows standardized weather conditions.

A replicated, paired site comparison in Bavaria, Germany (34) found that
grasslands under the ‘Agricultural Landscape Programme’ (KULAP) did not have
more plant species than control grasslands overall. There were 18-23 plant
species/plot on sites with any KULAP agreement, compared to 18-22 plant
species/paired control plot (215 site pairs). When considering only sites with
site-related (rather than whole farm) agreements, there were more plant species
under the KULAP scheme (around 22 species/site) than on paired control sites
(<20 species/site; 90 site pairs). There were also more plant species/site on 58
Contract Nature Protection Scheme sites (25 species/plot) compared to paired
control plots (about 17 species/plot). Nine-hundred-and-thirty-six pairs of 25 m?
grassland plots were selected from 4,400 plots in the Bavarian grassland survey.
All plant species within the plot were recorded between April and October (year
not given). Plot pairs were in the same natural landscape, 90% within 10 km of
each other. In each pair there was one with and one without an agri-environment
scheme agreement.

A study of the locations of Meadow Bird Agreements in the Netherlands (35)
found that 43% of the 71,982 ha area of Meadow Bird Agreements in 2004 was
located on sites where meadow bird populations are constrained for reasons
other than those addressed by the agri-environment management. Twenty-two
percent (15,798 ha) were outside the area of known black-tailed godwit Limosa
limosa occurrence (more than five breeding pairs/100 ha in a 1998-2000
survey; 90-95% of other specialist meadow bird species breed in suitable black-
tailed godwit habitat). Within the black-tailed godwit area, 11% (6,166 ha) of the
Meadow Bird Agreement area was on heavily drained land, 4% (2,500 ha) was in
landscapes not considered open enough for meadow birds, 10% (5,400 ha) was
in areas of high traffic disturbance and an estimated 8% (2,834 of the 35,000 ha
for which data were available) was on sites with high predation. The authors
advocated targeting Meadow Bird Agreements to the 285,000 ha of land in the
Netherlands with more than five breeding pairs of black-tailed godwit/100 ha,
but none of the other identified constraints.

A before-and-after replicated trial in the Yorkshire Dales National Park, UK
(36) found that the average number of plant species in upland hay meadows fell
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from 19.5 species in 1980, before the introduction of agri-environment schemes,
to 14.7 species in 2003, when the Countryside Stewardship Scheme and the
Environmentally Sensitive Areas scheme had been employed for almost 20 years.
One-hundred-and-nineteen fields surveyed in the 1980s and found to contain
wood cranesbill Geranium sylvaticum were re-surveyed in 2003. In 47 of the
fields, all plant species were recorded in ten 1 m2 quadrats at each site. Wood
cranesbill was found in 76 of the 119 fields it had previously been found in, an
extinction rate of 40%. The average nearest distance to another field containing
the species increased from 121 m in 1980 to 1,072 m in 2003. Fields located over
300 m from another field containing the habitat were more likely to have lost the
species.

A site comparison study of fifty-three 2 km? plots on 14 farms in southeast
Scotland (37) observed that between 2002 and 2004, the number of territorial
male corn bunting Emberiza calandra fell by only 5% on plots that managed land
according to the Farmland Bird Lifeline scheme, whereas numbers declined by
43% in non-Farmland Bird Lifeline plots in the same area. Between 2000 and
2002, before the 2002 introduction of the Farmland Bird Lifeline management
practices, there was no observed change in the number of corn bunting on either
group of plots, although plots destined to participate in the Farmland Bird
Lifeline scheme did already have 33% higher densities of corn bunting than
comparison plots. The Farmland Bird Lifeline scheme intended to reverse the
declining numbers of corn bunting, a priority species in the UK Biodiversity
Action Plan. Farmers were paid for a number of interventions, including delaying
mowing date, providing grass margins on arable fields, farming spring cereals
and turnips at low intensity, spring cropping, leaving unharvested crop, and
supplementary feeding. Fourteen farms, nine in Aberdeenshire and five in Fife,
were surveyed every breeding season (late April to August) from 2000 to 2004.

A site comparison study of ten 3 km? plots in Austria (38) showed that,
compared to conventionally managed arable land, land farmed less intensively
(under agri-environment schemes) had larger numbers of ground breeding birds
(16.1 vs 13.2 individuals/10 ha), Red-listed birds (2.5 vs 1.8 individuals/10 ha),
and Species of European Conservation Concern (13.9 vs 10.3 individuals/10 ha).
Arable land managed for the conservation of particular species had 27.6 Species
of European Conservation Concern individuals/10 ha and 28.6 ground breeding
individuals/10 ha compared with the 11.1 individuals/10 ha and 13.7
individuals/10 ha, respectively, on conventionally managed farmland. Reed-
breeding birds on grassland benefited from similar initiatives (11.3 vs 2.8
individuals/10 ha of farmland). Habitat conservation measures appeared to
benefit ground breeders on arable farmland (16.6 vs 10 individuals/10 ha).
Breeding birds were surveyed during three visits between April and June 2003.

A replicated, controlled trial involving 10 farms in east and central Scotland,
(39) found that on farms managed under the Rural Stewardship Scheme,
transects covering agri-environment options (unsprayed grassy field margins,
species-rich grassland uncut from March-August and hedgerows only cut every
three years) attracted significantly more nest-searching and foraging queen
bumblebees Bombus spp. than conventionally managed transects. However, on
conventionally managed transects (not agri-environment scheme options), there
was no significant difference between farms with and without agri-environment
schemes in numbers of nest-searching queens, and conventionally managed
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farms had more foraging queens. Five farms that signed up to the Scottish Rural
Stewardship Scheme in 2004 were paired with five comparison farms less than 5
km away with similar land-use but no agri-environment participation.
Bumblebees were recorded on six 100 x 6 m transects/farm, weekly in April-May
2009. Each farm had two arable field margin transects, two grassland transects
and two hedgerow transects.

A 2009 literature review of agri-environment schemes in England (40)
found that options and schemes varied in effectiveness for farmland wildlife.
Breeding populations of some nationally rare birds increased after the
implementation of options on arable farms (cirl bunting Emberiza cirlus pairs
increased by 130%, Eurasian thick-knee (stone curlew) Burhinus oedicnemus
pairs increased by 87%). A case study from a single farm found that grey
partridge Perdix perdix numbers increased by more than 250%/year, corn
bunting Miliaria calandra by over 100%/year and Eurasian skylark Alauda
arvensis by 71%/year following the implementation of a number of different
options. Productivity of some bird species was found to be higher on agri-
environment scheme farms, which also provided key habitats. However, there
was little evidence for any population-level beneficial effects of Entry Level
Stewardship designations on widespread birds such as skylark or yellowhammer
E. citrinella. Several of the studies reviewed argued that most agri-environment
schemes were not well targeted to provide habitat for wading birds (Dutt 2004),
although other studies argued that wader populations had declined less in
regions designated as Environmentally Sensitive Areas than in the country
overall (Wilson et al. 2005). Implementation of agri-environment schemes was
also shown to benefit mammals, such as brown hare Lepus europaeus, with
significantly higher densities on farms with agri-environment schemes than
control farms in East Anglia. However in the West Midlands, hare densities were
similar between agri-environment scheme farms and control farms (11).

A replicated paired sites study on farms across Scotland under two agri-
environment scheme prescriptions (Countryside Premium Scheme and Rural
Stewardship Scheme) in spring-summer 2004-2008 (41) concluded that the
schemes had little impact on farmland biodiversity. Whilst 280 agri-environment
scheme farms had more birds of more species than 193 non-scheme paired
farms (averages of 140 birds of 23 species on 105 Countryside Premium Scheme
farms vs 108 of 20 on paired non-scheme farms; 108 birds of 19 species on 88
Rural Stewardship Scheme farms vs 86 of 17 on paired farms), trends did not
vary between scheme and non-scheme farms, and scheme farms had higher
species richness and abundances before entering schemes. Differences held for
all species and for nationally threatened species. Time since entry into the
Countryside Premium Scheme did not appear to affect the number of species or
bird abundance, except, for a small decline in the abundance of tits Parus spp. In
addition, no evidence was found for differing effects of schemes in different
regions of Scotland, or on different farm types. There were generally more plant
species and individuals and higher plant diversity on farms managed under the
Countryside Premium Scheme than non-Countryside Premium Scheme farms
(e.g. for one agri-environment scheme option there were 20 plant species on
scheme farms vs 15 on non-scheme farms), but very limited evidence of
significant differences in plant species richness, abundance or diversity between
Rural Stewardship Scheme and non-Rural Stewardship Scheme farms - where
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there was a difference there were more plant species or higher diversity on the
Rural Stewardship Scheme farms. There were no significant differences in
butterfly (Lepidoptera) species richness or abundance between Countryside
Premium Scheme and non-Countryside Premium Scheme farms, and no
significant differences in the number of ground-active beetles (Coleoptera)
between Countryside Premium Scheme or Rural Stewardship Scheme and
conventionally managed farms. Plants, ground-active beetles and butterflies
were already generally more abundant or more species rich on Rural
Stewardship Scheme sites when they joined the scheme (during first survey year
2004-2005).

A before-and-after study on one farm in Oxfordshire, UK (42) found that
following a change to management under the Environmentally Sensitive Areas
scheme (also leading to organic certification), the numbers of large moths
(Lepidoptera), some species of butterfly and ground beetle (Carabidae), and the
number of plant species, including butterfly larval food plant species, increased.
The butterfly species that increased after Environmentally Sensitive Area
management included the brown argus Aricia agestis, the common blue
Polyommatus icarus and the small copper Lycaena phlaeas. Overall butterfly and
ground beetle numbers, and numbers of pipistrelle bats Pipistrellus pipistrellus
and P. pygmaeus and Daubenton’s bats Myotis daubentonii also increased over
the entire time period, but the increase did not happen after management
change. Butterflies, plants, ground beetles and bats were regularly monitored on
the farm from 1994 to 2006 inclusive. In 2002, the farm entered the
Environmentally Sensitive Areas agri-environment scheme. The proportion of
grassland increased, fertilizers, herbicides and pesticides were no longer used,
and the total number of livestock dropped from 180 cows and 1,000 sheep to
120 cows and 850 sheep. The land was certified organic in 2005.

A controlled study in 2002-2009 on mixed farmland in Hertfordshire, UK
(43) found that the estimated population density of grey partridge Perdix perdix
was significantly higher on land under agri-environment schemes, than on
conventional arable crops. This study also examined the densities found on set-
aside (which were similar to those on land under other agri-environment
schemes), wild bird cover (which were considerably higher than on other land
uses) and the impact of predator control and supplementary food provision. Grey
partridges were surveyed in March and September using dawn and dusk counts
starting in 2001. Land cover within the project area was mapped and categorized
as: conventional arable land, arable in agri-environment schemes, non-arable, or
set-aside (which was further divided into non-rotational, wild bird cover, other
rotational).

A replicated site comparison of 2,046, 1 km squares of agricultural land
across England in April-June 2005 and 2008 (44) (same study as (45)) found that
farmland bird population responses to Entry Level Stewardship schemes varied
regionally. The authors suggest that detailed, regional prescriptions may be more
effective in stimulating bird population growth than uniform agri-environment
schemes. Field margin management took place in 36% of squares and did not
have clear impacts on ‘field margin’ species: two species responded positively in
at least one region, three species showed positive and negative responses in
different regions, one only negative responses and the other six showed no
significant responses.
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A large site comparison study in 2005 and 2008 of 2,046, 1 km? plots of
lowland farmland in England (45) (same study as (44)) found that the
Countryside Stewardship Scheme and Entry Level Stewardship schemes had no
consistent effect on farmland bird numbers three years after their introduction
in 2005. Between 2005 and 2008, eight Farmland Bird Index species showed
significant declines on arable plots, nine species declined significantly on
pastoral plots and six species declined on mixed farmland squares (farmland
plots covered with less than 50% arable and less than 50% pastoral farming).
Only goldfinch Carduelis carduelis, jackdaw Corvus monedula, and woodpigeon
Columba palumbus showed population increases between 2005 and 2008.
Although certain farmland bird species did show landscape-specific effects, there
were no consistent relationships between farmland bird numbers and whether
or not the plots contained Entry Level Stewardship and Countryside Stewardship
Scheme land, or the financial cost of the agri-environment interventions, or the
length of hedgerows or ditches under an agri-environment scheme, or the
availability of wild bird seed mix and overwinter stubbles (i.e. some species
showed increases in response to a particular intervention on a particular
landscape-type but not on other landscape types, and these changes were not
consistent between species). The 2,046, 1 km? lowland plots were surveyed in
both 2005 and 2008 and classified as arable, pastoral or mixed farmland. Eighty-
four percent of plots included some area managed according to the Entry Level
Stewardship or Countryside Stewardship Scheme. In both survey years, two
surveys were conducted along a 2 km pre-selected transect route through each 1
km? square.

A replicated site comparison study from 2004 to 2008 on 1,031 agricultural
sites across England (46) found that in three out of four year-on-year
comparisons, grey partridge Perdix perdix density changes and overwinter
survival were higher on sites under agri-environment schemes, than on sites not
under schemes (partridge density changes were more positive on agri-
environment scheme sites than non-agri-environment scheme sites in all
comparisons except 2007-2008, overwinter survival was higher for all years
except 2006-2007). However, these differences were only significant in 2005-
2006 for density changes (6% increase on agri-environment scheme sites vs
11% decrease on non-agri-environment scheme sites) and 2006-2007 for
overwinter survival. There were no consistent differences between agri-
environment scheme and non-agri-environment scheme sites with respect to
brood size. When schemes were investigated individually, only Countryside
Stewardship Scheme sites and Environmentally Sensitive Areas sites had
significantly more positive density trends than non-scheme sites, and only in
2005-2006 (6% increase on Countryside Stewardship Scheme and
Environmentally Sensitive Area sites vs 12% decline on non-agri-environment
scheme sites), although other years and schemes showed a similar pattern.
Overwinter survival, brood size and the ratio of chicks to adults did not show
consistent effects across different schemes. A higher proportion of sites under
the Partridge Count Scheme implementing the options most beneficial to
partridges was higher than the proportion of non-Partridge Count Scheme sites.
Various methods of succession management (rough grazing, scrub creation,
scrub control, grassland creation) were negatively associated with the ratio of
young to old partridges in 2008.
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A small site comparison study between November 2007 and February 2008
on 75 fields in East Anglia and the West Midlands, UK (47) found no difference
between the numbers of seed-eating birds in fields managed under Higher Level
Stewardship of the Environmental Stewardship scheme and numbers in fields
managed under Entry Level Stewardship. Entry Level Stewardship fields had
overwinter stubbles, no post-harvest herbicide application and no cultivation
until mid-February and were sown overwinter with wild bird seed mix. Higher
Level Stewardship fields were sown with enhanced wild bird seed mix and the
stubbles had the same basic Entry Level Stewardship requirements plus reduced
herbicide use and cereal crop management before overwintered stubbles.

A before-and-after trial of the Entry Level Stewardship scheme (an option
within the Environmental Stewardship scheme) on a 1,000 ha lowland arable
farm in central England (48) observed that the number of seed-eating birds was
higher on both Entry Level Stewardship and conventionally farmed fields in the
winter of 2006-2007 than during the previous winter (2005-2006) when the
Entry Level Stewardship scheme was first introduced. This increase was greater
on Entry Level Stewardship plots setting aside 5% of farmland to provide winter
bird food (with an average of 70 birds/km of transect in 2007 vs five birds/km of
transect in 2006) than on conventionally farmed fields (25 birds/km of transect
in 2007 vs ten birds/km of transect in 2006). Although there were also more
summer breeding territories of seed-eating species, chaffinch Fringilla coelebs,
dunnock Prunella modularis, and robin Erithacus rubecula on the farm as a whole
in 2007 than in the previous breeding season (2006), there was no difference in
this increase between Entry Level Stewardship and conventional fields. Land
managed according to the minimal environmental requirements was compared
both with fields where 5% of land was removed from production and replaced
with patches of winter bird food and field margins (6-8 m). Winter birds were
surveyed from transects on three visits (November, December, and January) in
both the winters of 2005-2006 and 2006-2007 - i.e. before and after bird food
patch establishment. Breeding territories were surveyed during four visits (April,
May, June, and July) in 2006 and 2007.
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2.4. Apply ‘cross compliance’ environmental standards
linked to all subsidy payments

e We have captured no evidence for the effects of applying ‘cross compliance’
environmental standards for all subsidy payments on farmland wildlife.

Background

Cross compliance is when farmers have to meet certain statutory standards
to qualify for direct support payments such as those under the first pillar of the
current Common Agricultural Policy. The standards could include, for example,
keeping the land in ‘good agricultural condition’ or managing soil to avoid
erosion. The Swiss Ecological Compensation Areas scheme, under which farmers
have to manage 7% of their land to qualify for area-based payments, was made
obligatory in Switzerland under cross compliance in 1998. Studies examining the
effects of this scheme are included in ‘Increase the proportion of natural/semi-
natural habitat in the farmed landscape’.

2.5. Implement food labelling schemes relating to
biodiversity-friendly farming (organic, LEAF marque)

e We have captured no evidence for the effects of implementing food labelling schemes
relating to biodiversity-friendly farming (organic, LEAF marque) on farmland wildlife.

Background

Some food products now carry certification labels such as the LEAF (Linking
Environment and Farming) Marque (Integrated Farm Management) or are
labelled as organic. These schemes are designed to allow biodiversity-friendly
farming to attract a price premium, become more profitable and therefore
spread, potentially benefiting biodiversity.
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2.6. Reduce field size (or maintain small fields)

e We have captured no evidence for the effects of reducing field size (or maintaining
small fields) on farmland wildlife.

Background

Reducing field size means having a greater number of smaller fields, with
boundaries between them. One reason this approach is expected to enhance
biodiversity is that field boundaries of any type provide heterogeneity, with
heterogeneity thought to be a strong factor determining biodiversity on
farmland.

2.7. Provide or retain set-aside areas in farmland

e We found 34 studies comparing use of set-aside areas with control farmed fields. Two
were reviews, none were randomized, replicated, controlled trials. Of these, 20 (from
Austria, Finland, Germany and the UK) showed benefits to or higher use by all wildlife
groups considered®:10,11,13-15,18,19,21,23,29,31,37-39,41,50-52,54 Twelve (from Fin|and'
Germany, Ireland, Sweden and the UK) found some species or groups used set-aside
more than crops, others did not!3468222830364042-44 Two studies (all from the UK)
found no effect1220.3453 one found an adverse effect of set-asides®.

e Three of the studies, all looking at Eurasian skylarks, went beyond counting animal or
plant numbers and measured reproductive success. Two from the UK found higher
nest survival or productivity on set-aside than control fields418, One from the UK found
lower nest survival on set-asides.

e Fifteen studies (from Belgium, Germany, Sweden and the UK) monitored wildlife on
set-aside fields, or in landscapes with set-aside, without directly comparing with control
fields or landscapes. Three looked at set-aside age and found more plants?27 or
insects33 on set-aside more than a year old. Two compared use of different non-crop
habitats and found neither insects#” nor small mammals> preferred set-aside. Two
showed increased bird numbers on a landscape scale after set-aside was introduced,
amongst other interventions?6:49, Eight looked at effects of set-aside management such
as use of fertilizerl?, sowing or cutting regimes?.9.16.24.25.32.46,

e A systematic review from the UK found significantly higher densities of farmland birds
on fields removed from production and under set-aside designation than on
conventionally farmed fields in both winter and summer4s.

Background

Allocation of some farmland to set-aside (fields taken out of production) was
compulsory under European agricultural policy from 1992 until 2008. The idea
was to reduce production. However, set-aside has also been promoted as a
method of enhancing biodiversity within farmland. Set-aside can be rotational
(in a different place every year or two) or non-rotational (same place for 5-20
years) and fields can either be sown with fallow crops or left to naturally
regenerate. Unlike fallow land left for the benefit of ground-nesting birds or
arable plants, set-aside is not ploughed or harrowed except for the purpose of
sowing.
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Set-aside is often managed by cutting and/or spraying. In some cases, set-
aside land has had strips of wild flowers or grasses sown on it. Evidence for the
effects of this management has been included under the following interventions:
‘Plant nectar flower mixture/wildflower strips’ and ‘“Plant grass buffer
strips/margins around arable or pasture fields’.

A replicated, controlled study of 44 fields on five farms over two years in
Hampshire and Wiltshire, UK (1) found that, overall, chick food was three times
higher on fallow set-aside than on wheat. Significantly higher numbers of
leathoppers (Auchenorrhyncha) were found on first and second-year set-aside
(53 vs 9/sample) and true bugs (Heteroptera) in second-year set-aside than
wheat (24 vs 6). In contrast, ground beetles (Carabidae; 0.3 vs 0.8), rove beetles
(Staphylinidae; 6 vs 14), leaf beetles (Chrysomelidae; 0.7 vs 1.4), aphids
(Aphididae; 31 vs 74) and flies (Diptera; 38 vs 67) were all significantly less
abundant on set-aside than crops (respectively). Numbers in set-aside and wheat
did not differ for spiders (Araneae; 13 vs 10/sample), springtails (Collembola,
855 vs 661) or larvae of butterflies, moths and sawflies (Lepidoptera and
Symphyta; 0.4 vs 0.7). Fields in the first year of the UK’s five-year set-aside
scheme (left fallow or drilled with grass) were sampled in June 1990. In 1991, 15
fields at two of the five farms were re-sampled to evaluate second-year fallow
set-aside. Invertebrates were collected using a D-Vac suction sampler in the
headlands of fields, 3 m from the field edge. Five samples of 0.5 m? were taken at
each site.

A replicated site comparison study in 1990-1991 on 1-year-old and
permanent set-aside fields in a small-scale arable region in Germany (2) found
higher weed cover on permanent set-asides (89.3 - 94.1%) than on 1-year-old
set-asides (74.2-78.5%). The number of weed species was somewhat higher
along the edge of 1-year-old (average 35.1 species) than of permanent set-asides
(30.7 spp.), but no such difference was found in the field centre (28.2 spp. vs 27.8
spp.). Effects of set-aside age were strongly trait and species-dependent. For
example, declining, rare and threatened weed species were more common in 1-
year-old (122 to 154 recordings) than on permanent set-asides (91 to 110
recordings). Most of the investigated permanent and 1-year-old set-aside fields
were left uncultivated, but occasional fields were sown. In each field, two 2 m x
50 m long transects (one along the field edge and one 10 m away towards the
field centre) were surveyed repeatedly. Cover estimates for each plant species
and total vegetation cover were recorded. No statistical analyses were
performed on the data.

A replicated, controlled site comparison study from May to October 1990 in
40 farmland sites (10 field types, four replicates each) near Karlsruhe, south
Germany (3) found significantly more species of solitary bee in artificial reed
stem nests in unsown sites with naturally developed vegetation (average 7.9
species) than in sown fields, including crops and sown grass/clover fields
(average 4.6 spp.). Bee species richness increased with increasing age of the
unsown set-asides and with increasing plant diversity. Wasp diversity was
similar in the different field types (1 to 4 spp./field type). Smaller bee and wasp
species inhabited fields with high plant diversity but were absent in fields with
low plant diversity. Foraging flights took twice as long in fields with low plant
diversity (35 min) than in fields with high plant diversity (15 min) for two
investigated bee species (leaf-cutter bee Megachile versicolor, blue carpenter bee
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Osmia caerulescens). No such effect was found for the European potter wasp
Ancistrocerus gazella (ca. 21 min in both sites). Unsown sites with naturally
developed vegetation included one- and two-year old mown and unmown set-
asides and old meadow orchards. Crops on sown fields were peas, barley, rye,
clover-grass mixture and Phacelia tanacetifolia. Mowing of set-asides took place
in late June-early July. Three artificial nests (each with two 750 ml cans filled
with 180 reed stems) were located in each field centre. Female body length of
bees and wasps was measured. For Ancistrocerus gazella, Megachile versicolor
and Osmia caerulescens, the time spent on foraging flights was measured on four
one-year old set-asides and four old meadows. Plant surveys were conducted in
May, July and October.

A replicated site comparison study of 24 one-year-old set-aside fields and 24
cereal fields in Uppland, central Sweden (4) found that four of 17 bird species
sampled showed a significant positive association with set-aside fields: skylark
Alauda arvensis, whinchat Saxicola rubetra, whitethroat Sylvia communis and
linnet Carduelis cannabina. Other species showed greater association with
unfarmed habitats, roads and houses, forest edges or ‘open habitat’. The study
plots were of similar size, edge and habitat structure. Each was sampled seven
times for 28 species of breeding bird from April-June 1992. Species with at least
10 territories were examined.

A replicated, controlled site comparison study with four replicates of each
treatment (5) - the same study as (3) - found that naturally regenerated set-aside
fields had significantly more cavity-nesting bee and wasp nests, and more
nesting species than fields sown with fallow or arable crops. The study compared
bees and wasps nesting on set-aside land managed in six different ways with
crop fields and old meadows in Kraichgau, southwest Germany. It used reed
Phragmites australis stem nest boxes and recorded nesting only, not foraging
activity. Set-aside fields were either sown in the year of study, with a grass-
clover mix or phacelia Phacelia tanacetifolia, or were in their first or second year
of natural regeneration, with or without mowing.

A replicated, controlled site comparison study 1989-1991 in up to 65 arable
sites in the Kraichgau region, Germany (6) (same study as (3,5)) found more
plant species but fewer invertebrates on naturally developed set-aside fields
than on control crop fields. There were more plant species in orchard meadows
(50 species/49 m2) and naturally developed set-asides (37-45 species/49 m?)
than in sown set-asides (10-15 species/49 m?) and cereal fields (10-17
species/49 m?). Plant species richness was also higher in mown than in unmown
set-asides. Invertebrate numbers from suction samplers were highest in set-
asides sown with clover-grass-mixes (1,500 individuals/5 m2), intermediate in
naturally developed set-asides and cereal fields (ca. 1,000 individuals/5 mZ2) and
lowest in Phacelia-sown set-asides (500 individuals/5 m?2). Invertebrate
numbers caught in Malaise-traps were highest in rye fields and clover-grass-
mixes (around 3,000 individuals) and lowest in naturally developed set-asides
(1,000 individuals). The effect of field type and set-aside age was strongly
species- or family-dependent. Up to 11 field types (four to five replicates each)
were investigated: one, two and three-year-old naturally developed set-asides
(mown and unmown), 1-year-old set-asides sown with either Phacelia
tanacetifolia or a clover-grass mix, conventionally managed cereal fields (rye and
barley) and low-intensity orchard meadows (>30 years old). Plant surveys (three

46



visits) were conducted in May to October 1990-1991 on one 49 m? permanent
quadrat (meadows and sown fields) or on 120 m? (systematically changed in
naturally developed fields). Insects were sampled on four to five visits in April to
October using Malaise-traps (20 fields) and suction samplers (61 fields; 3 minute
suctions of five 0.25 m?2 plots).

A replicated site comparison study from April to August 1993 at 21 farmland
sites in Kraichgau, Germany (7) (same study as (3,5,6)) found that naturally
regenerated set-asides and orchard meadows held more wild bee species and
more individual bees than set-aside fields sown with phacelia Phacelia
tanacetifolia (averages of 27, 28 and 10 bee species; 120, 100 and 75 bees,
respectively). Also the numbers of Red-listed bee species and specialist species
were higher in naturally developed than in Phacelia-sown set-asides. Seven field
types (four replicates each) were investigated: one, two, three, four and five-
year-old naturally regenerated set-asides, 1-year-old set-asides sown with
phacelia and orchard meadows. Wild bees were monitored for 30 minutes on
each of six visits to each site. Along one 100 m long transect in the field centre,
bees were caught using sweep nets (100 sweeps/transect). In addition, flower-
visiting bees were caught.

A replicated site comparison study of four arable, 10 mixed and three
pastoral farms within the South Downs Environmentally Sensitive Area, UK (8)
found that rotational set-aside tended to be used more than arable crops by
skylarks Alauda arvensis, but used less or a similar amount by hares Lepus
euroaepus. Rotational set-aside was used significantly more than arable crops
during the first skylark brood period (22 vs 3-15 males/km?). During the second
brood, once set-aside had been topped or cultivated, use of set-aside by skylarks
was more similar to their use of arable crops (topped: 16; cultivated: 8; arable:
9-14). Hares used winter sown cereals more than rotational set-aside in
October-January (0.2-0.3 vs 0.1 hares/ha), but in February set-aside was used
the same amount as crops (0.1 hares/ha). Hares were sampled by spotlight
counting over an average of 26% of the area of each farm between November
and March (1992-1993, 1993-1994). Skylarks were sampled by mapping
breeding males during two counts along representative transects on 12-17
farms in April-June (1992-1993).

A small replicated, randomized study of set-aside on a farm west of Moray,
Scotland (9) found that vegetation of conservation value can develop within set-
aside provided species occur in the seed bank. The abundance of the dominant
species false oat grass Arrhenatherum elatius, Yorkshire fog Holcus lanatus and
cock’s-foot Dactylis glomerata varied across the set-aside. Some variations were
explained by sub-plot location, others by management; removing cuttings
reduced false oat grass abundance. No further results are provided as the study
was ongoing at time the paper was written. A 25 m wide strip of set-aside was
established in 1989 and divided into three plots of 25 x 28 m in three
randomized blocks. Treatments were: cut in July, cut in September and cut in July
and September to 6 cm. Each plot was divided into two sub-plots: cuttings
removed or left in situ. Plant species composition was recorded in June-July
1993.

A small, controlled study of an arable and set-aside field on a farm near
Braunschweig, Germany (10) found that arthropod numbers and species
richness tended to increase with a reduction in management intensity. More
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species of spider were found in set-aside than arable plots with four levels of
management intensity (set-aside: 33-36; reduced intensity: 10-22;
conventional: 11-13). The effect on spider abundance was less clear. Set-aside
also had a greater density of wolf spiders (Lycosidae; set-aside: 68/trap; arable
10-22) and a lower proportion of pioneer species (set-aside: 8%; reduced
inputs: 49-75%; conventional: 81%). Beneficial species, such as Carabus auratus,
were more abundant in set-aside (97-148/trap) than arable plots (1-18/trap);
their activity periods were also longer in set-aside. Similar effects were seen for
juvenile spider abundance (set-aside: 108/trap; reduced intensity: 50-55;
conventional farming: 21). In 1992-1995 a long-term set-aside was compared
with four plots within an arable field that differed in the input of fertilizers and
pesticides (high, 30-50% reduced, none), crop rotation (three/four course),
tillage, weed control (mechanical/chemical), cultivars, drilling technique and
catch crops. Six to eight emergence traps and pitfall traps sampled arthropods
within each treatment. Traps were collected every 2-4 weeks throughout the
year. Results for pest species are not included here.

A replicated, controlled study in summer 1991-1994 on three to six arable
farms and two experimental sites in the Province of Bayern, Germany (11) found
more plant species on rotational set-asides (17.4 species) than on control fields
(10.8 species). Moreover, naturally regenerated set-asides held more plant
species (range 18.3 to 32.2 spp.) than set-asides with sown clover-grass mixtures
(range 16.0 to 18.9 spp.). This effect was still visible the following year, when
cereal was grown on the former set-aside fields (range 13.3 to 14.2 spp. on cereal
after natural regenerated set-aside vs 12.0 to 12.4 spp. on cereal after sown set-
aside). Rotational set-asides were taken out of production for one year and either
left to regenerate naturally or sown with a clover-grass-mix. Controls were often
cereal fields. Vegetation was surveyed between June and September on total
areas between 100 and 400 mZ2. Cereal crops were surveyed yearly, cut set-asides
several times a year. Note that no statistical analyses were performed on these
data.

A replicated, controlled study of set-aside at four sites on two Royal
Agricultural College farms, Gloucestershire, UK (12), (see also (20, 24, 25, 34)),
found that small mammals showed no preference for first-year set-aside over
crops. Trapping success was significantly lower in set-aside (0.6%) than the
adjoining unharvested cereal crop (13%) and hedgerow (30%). Wood mice were
the only species caught in set-aside. There was no significant difference in trap
success between set-aside in blocks (0.6%) or strips (0.6%) or between sown
(0.4%) or naturally regenerated (1.0%) set-aside, although sample sizes were
very low (six captures). Following harvest, trap success in the crop decreased
(4.5% to 0.5%) and significantly increased in set-aside (0.1 to 2.5%). Set-aside
was either sown with a mix of wheat and rape (three sites) or left to regenerate
naturally. A grid of 50 Longworth live-traps was set at each site covering a
hedgerow, a 20 m strip of set-aside and a block of either set-aside or cereal crop.
Trapping was undertaken for five nights/month from June-August 1995.

A replicated, paired sites before-and-after study on seven pairs of fields in
northeast Scotland in 1989-1991 (13) found that 1-year-old set-aside fields held
significantly more species of bird than similar, non-set-aside fields (average of
11.9 species/10 ha for first year set-aside vs 4.8 species/10 ha for control fields).
There were no differences in the years before or after set-aside. In addition,
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there were higher breeding densities of grey partridge Perdix perdix, skylark
Alauda arvensis and Eurasian curlew Numenius arquata in set-aside compared
with control fields. Densities of curlew, partridge, northern lapwing Vanellus
vanellus and Eurasian oystercatcher Haematopus ostralegus were higher in set-
aside years than before set-aside (passerine densities were not recorded before
set-aside was used). Wader breeding success appeared higher on set-aside, but
numbers were too small for statistical tests. The densities and number of species
declined over time in set-aside fields. Set-aside fields were previously arable
fields but were not cropped for at least one year.

A replicated study in summers of 1993-1995 on seven farms in southern
England (14) found significantly higher densities of skylark Alauda arvensis
territories on set-aside fields than on conventionally or organically-managed
crop fields (0.26-0.56 territories/ha for set-aside fields vs a maximum of 0.38
territories/ha for cropped fields). Estimated nest survival was significantly
higher on set-aside fields than conventionally-managed cereal fields (44%
survival to fledgling on set-aside vs 11% for conventional cereals). Set-aside was
both naturally regenerated from crop stubble or sown with grass.

A site comparison study of set-aside in southern Germany (15) found that
numbers of plant and butterfly species were higher in naturally regenerated set-
aside than cereal or set-aside sown with Phacelia tanacetifolia, but that number
of plant species decreased and butterfly species composition changed with set-
aside age (1-4 year-old). Numbers of plant species were higher in four naturally
regenerated set-aside fields (20-30 species) than in a cereal field (1) or 1-year-
old set-aside sown with P. tanacetifolia (3). The number of species decreased
significantly with age of naturally regenerated set-aside fields from one (30 plant
species) to three-years-old (20 species). Cover of annual herbs declined rapidly
in the 3rd to 4th year of set-aside. The number of butterfly species was higher in
naturally regenerated set-aside (11-13 species) than cereal (4) or sown set-aside
(7). Butterfly species richness did not differ with set-aside age (11-13 species),
but species composition changed greatly. Butterfly body size tended to decrease
with set-aside age (from 24 mm to 23 mm) and mean life-span of caterpillars
increased (from 61 days to 105 days). Plant species and cover were sampled in
49 m? plots in September 1992 and flowering plant abundance was estimated
nine times from May-October. Adult butterflies were counted along transects,
nine times per field (May-October 1992) and caterpillars were sampled twice in
September 1992 by sweep-netting.

A small site comparison study in Belgium (16) found 53 species of ground
beetle (Carabidae) during one year of sampling in three set-aside fields, including
eleven species in the Red Data Book for Flanders. The most notable species
were Amara tricuspidata and Harpalus froelichi. Thirty-five of the species were
considered to be breeding within the fields. The set-aside fields contained more
ground beetle species than were found in previous years on cultivated arable
fields (numbers not given). Two of the fields were set-aside in 1994, sown with
grasses and annually mown once. These were managed without fertilizers or
pesticides for two years before becoming set-aside. The other field had been left
to naturally regenerate since 1992, and was partly grazed by sheep. Beetles were
sampled between May 1994 and April 1995 in three pitfall traps per site,
emptied fortnightly or monthly throughout the year.
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A replicated, controlled study of former arable fields at six sites in Sweden
(17) found twice as many plant species in unfertilized compared to fertilized set-
aside after 10 years (30 species in the least fertile site; 10 in the most fertile).
Annual cutting resulted in an increased number of species over the years. The
competitive success of plant species was related to management practices but
there were also interactions between management and site conditions. At each
site, two plots (10 x 20 m) were sown with a grass cover crop and two were left
bare. Each year, one of each pair had fertilizer added (equivalent to 150 kg N/ha)
and half of every plot was cut and cuttings removed (late July). Vegetation cover
was assessed in the centre of each plot (8 x 1 m?; 1975-1986).

A site comparison study from April to August 1992 on three farms in south
England (18) found that skylarks Alauda arvensis had significantly higher
productivity in set-aside fields, compared to spring-sown cereals or grass (0.5
fledglings/ha in set-aside vs 0.21 fledglings/ha in spring cereals and 0.13
fledglings/ha in silage grass). This difference was largely due to higher densities
of territories (2-3 times higher in set-aside and grass, compared to cereals),
more successful nests (highest on grass, but twice as high in set-aside as in cereal
crops) and larger clutches in set-aside (3.9 eggs/clutch for nests in set-aside vs
3.3 eggs/clutch for spring cereals and 3.4 eggs/clutch in grass, eleven nests in
each habitat type). Fledging success did not vary between habitats. No nests with
chicks were found in winter-sown cereals. Set-aside consisted of 4-year-old
permanent fallow sown with red fescue Festuca rubra, perenial rye grass Lolium
perenne and white clover Trifolium pratense.

A literature review (19) looked at the effect of agricultural intensification
and the role of set-aside on the conservation of farmland wildlife. It found one
study that demonstrated a three-fold increase in insect density on rotational set-
aside compared to conventional cereals, mainly due to increases in plant hoppers
and beetle families (Carabidae, Staphylinidae and Chrysomelidae; described
above (1)).

A replicated study of wood mice Apodemus sylvaticus in arable habitats at
two Royal Agricultural College farms at Cirencester, UK (20) (see also (12, 24, 25,
34)), found that wood mice showed no preference for first-year set-aside over
crops. Wood mouse numbers were lowest on whole field set-aside (0-16),
followed by hedgerow with set-aside margins (5-40) and crop (3-27). Numbers
were significantly higher in woodland apart from in July (18-73). There were
two replicate 5 ha blocks of set-aside and adjacent 20 m wide set-aside margin
strips of a similar area. A grid of 49 live traps was set in each replicate covering
the four habitats. Trapping was undertaken monthly for a year from December
1995.

A replicated site comparison study in summer 1995 on 89 fields in the South
Downs, southern England (21) found that the density of singing Eurasian
skylarks Alauda arvensis was higher on set-aside fields than on any other field
type, except undersown spring barley fields (approximately 15 birds/km?2 on six
set-aside fields vs 22 birds/km?2 on four spring barley fields and 2-12 birds/km?
on 79 other fields). Other field types were: arable fields reverted to species-rich
grassland or permanent grassland, downland turf, permanent grassland, winter
wheat, barley and oilseed rape.

A randomized, replicated site comparison in the winters of 1992-1993 and
1993-1994 on 40 farmland sites in Devon and East Anglia, England (22) found
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that only one taxonomic group (finches, sparrows and buntings, seven species)
showed a significant selection of set-aside habitats in both years, preferentially
using sown set-aside less than one year old. Conversely, thrushes (four species)
and hedge-dwelling species (European robin Erithacus rubecula, wren
Troglodytes troglodytes and dunnock Prunella modularis) avoided regenerating
set-aside less than one year old in Devon. At a species-level, a preference for set-
aside was seen in both winters by one species in Devon (cirl bunting Emberiza
cirlus selected sown set-aside more than one year-old) and two species (plus one
introduced species not considered here) in East Anglia (grey partridge Perdix
perdix preferred older sown set-aside and yellowhammer Emberiza citrinella
selected one year-old sown cover). A further 13 species in both East Anglia and
Devon preferentially selected set-aside in one winter. Blackbird Turdus merula
and five other species avoided some set-aside in at least one year in Devon, no
native species did so in East Anglia. The same 40 plots (50-100 ha) were
surveyed each winter, although the amount of set-aside they contained varied
due to rotation schemes.

A replicated, randomized site comparison study of 27 arable fields on a farm
in southern Finland over one year (23) found that the abundance of ground
beetles (Carabidae) was significantly higher in set-aside than crop fields. Set-
aside contained 1,442 beetles/site compared to 334-524/site in crop fields. Of
21 species compared in set-aside and cereal fields, two were significantly more
abundant in set-aside (Trechus secalis, Dyschirius globosus) and two in cereal
(Asaphidion pallipes, Bembidion quadrimaculatum). The ground beetle
community differed between set-aside and crop fields. Autumn breeding species
dominated set-aside (70% in June), whereas spring breeders tended to use crops
tilled in spring (56-80%). Twenty-seven of 150 fields were randomly selected.
Six were permanent set-aside, sown with perennial grass and left for 5-10 years.
The others were barley, oats, sugar beet, oilseed rape and potato. Beetles were
sampled using 20 pitfall traps (7 cm diameter) at each site. These were emptied
every two weeks for 10 consecutive weeks from June-August 1995.

A site comparison study monitoring the behaviour of individual wood mice
Apodemus sylvaticus on two arable farms in England (24) (following on from
(12)) found that set-aside established using species-rich mixes of grasses and
native forbs was preferred and set-aside established using a simple grass/clover
mix avoided by the mice. On average, wood mice at Jealott's Hill preferred set-
aside (species-rich mixes; preference index: 0.12) and avoided crop (-0.12); at
Eysey they avoided set-aside (simple mix; -0.16) and preferred other habitats
(0.12). However, only at Eysey was there a significant deviation from random
habitat use overall. Vegetation at Jealott's Hill contained more species but was
shorter and provided less cover than that at Eysey. Set-aside was established in
the 10 m next to the crop and the hedge at Jealott's Hill (1996) and on 20 m wide
margins and an adjoining 5 ha block at Eysey (1995). Nine wood mice were
radio-tracked continuously for three nights at each farm (May-July 1996-1997).
Vegetation data were obtained using a quadrat survey (1 m?).

A small, replicated study of set-aside on two Royal Agricultural College
farms in Gloucester, England (25) (same study as (24)) found that set-aside
established as margins (20 m wide; 5 ha) next to hedgerow had a more abundant
and species rich small mammal community than larger (5 ha) blocks. Set-aside
margins had more mammals (21 animals, 8 species caught/trap session) than
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larger blocks (11 animals, five species caught/trap session). Wood mice
dominated (76% on margins; 50% on blocks). Species richness, but not diversity,
was significantly greater on margins (richness: 2.4; diversity: 0.3) than blocks
(richness: 2.1; diversity: 0.2). Both parameters increased from 1996 to 1997. The
abundances of species changed with time and season on set-aside margins and
blocks. Set-aside was established by sowing a grass/clover mix in 1995, which
was cut annually in July or August. Grids of 49 traps were set in the centre of set-
aside blocks and spanning the set-aside margin and adjacent hedgerow and crop.
Traps were set for five nights in March, June, September and December 1996-
1997 and a mark recapture technique followed.

A 2000 literature review from the UK (26) found that the populations of grey
partridge Perdix perdix, Eurasian thick-knee Burhinus oedicnemus and cirl
bunting Emberiza cirlus all increased following multiple measures including the
provision of set-aside. Partridge numbers were 600% higher on farms with
conservation measures aimed at partridges (including conservation headlands,
planting cover crops, using set-aside and creating beetle banks), compared to
farms without these measures. The UK thick-knee population increased from 150
to 233 pairs from 1991 to 1999 (interventions were set-aside provision and
uncultivated plots in fields). The UK cirl bunting population increased from 118-
132 pairs in 1989 to 453 pairs in 1998, with a 70% increase on fields under
schemes (with overwinter stubbles, grass margins, and beneficially managed
hedges and set-aside), compared to a 2% increase elsewhere.

A replicated, randomized site comparison study of non-rotational set-aside
up to nine years old at 50 farms in the eastern arable region and 50 in the
western mixed farming region in the UK (27) found that plant communities
differed between region, establishment method (natural regeneration or sown
cover) and site age. Succession continued after five years, with number of plant
species increasing over time (7-8 species on older sites, 4-6 on younger sites)
along with proportions of perennials and plants characteristic of non-arable
habitats. Species richness declined with increasing distance from the field
boundary (1 m: 6-8 species; 32 m: 4-7 species). A stratified sample of farms was
selected from the Integrated Arable Control System database of the Ministry of
Agriculture, Fisheries and Food. One set-aside site was randomly selected per
farm and one field boundary was randomly selected for vegetation sampling. Six
quadrats (0.5 x 0.5 m) were sampled along five randomly located transects at
distances of 1, 2, 4, 8, 16 and 32 m from the boundary.

A replicated site comparison study with paired sites in 1996-1997 across 92
arable farms in England (28) found five of six bird functional groups at higher
densities on set-aside fields, compared to winter cereals or grassland (although
thrushes only showed this preference in one year). On ten farms with rotational
and non-rotational set-aside, all groups except crows were found at higher
densities on rotational fields. All groups except gamebirds (which showed no
significant field preferences) were more likely to be found on set-aside than
other field types. Functional groups of birds were gamebirds, pigeons, crows,
skylarks Alauda arvensis, thrushes and seed-eating songbirds (sparrows,
buntings and finches).

A replicated paired sites comparison study in 1996-1997 on 11 farms in
east and west England (29) found that set-aside fields supported more species
and higher densities of birds than adjacent crop fields (1.4-7.1 birds/ha and 7-
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21 species for 11 set-aside fields vs 0.2-0.8 birds/ha and 2-5 species on 11 crop
fields). Between 78% and 100% of species found on both field types were more
abundant on set-aside. These preferences were stronger (although not
significantly so) for rotational set-aside, compared to non-rotational.

A replicated, controlled, paired sites comparison study of 51 set-aside and
wheat fields on 30 farms in southern and eastern England (30) found that
stubble set-aside had more spiders (Araneae) and leafthoppers
(Auchenorrhyncha), higher weed cover and greater plant species diversity,
whilst wheat had more beetles (Coleoptera). Set-aside fields had 16 spiders, 16
leathoppers, 0.7 leaf beetles (Chrysomelidae), 0.5 ground beetles (Carabidae)
and 0.4 soldier beetles (Cantharidae)/sample on average. Wheat fields had 11
spiders, 9 leafthoppers, 0.3 leaf beetles, 0.3 ground beetles and 0.3 soldier
beetles/sample on average. Numbers did not differ between set-aside and wheat
for true bugs (Heteroptera; 5-6/sample), larvae of butterflies, moths
(Lepidoptera) and sawflies (Tenthredinidae; 0.2-0.5 larvae/sample) or weevils
(Curculionidae) (0.2 vs 0.1). Cutting set-aside (to 10-15 cm) tended to decrease
invertebrate numbers compared to topping (to 25 cm) or leaving it uncut. Weed
cover and diversity were significantly higher on set-aside (cover: 32%; species:
99) compared to wheat (cover: 3%; species: 41). Set-aside fields were naturally
regenerated after harvest. Wheat fields received pesticides. Invertebrates were
sampled using a D-Vac suction sampler in each set-aside and adjacent wheat field
in June-July. Weed cover was sampled in 10 random quadrats (0.25 m?) per field.

A replicated, controlled site comparison study in summer 1995 on 10 sites
of three different arable habitats in the biosphere reserve Schorfheide-Chorin,
northeast Germany (31) found significantly more individuals (but not families) of
parasitic wasps (Hymenoptera: Parasitica) on set-aside land (>160.7 wasps/m?)
than on cereal fields (<107.5 wasps/m2). The age of set-aside did not affect wasp
numbers. There was no significant difference between numbers of parasitic
wasps on set-asides and extensively managed grasslands (178.7 wasps m2). Four
winter cereal fields, four set-asides (1 to >10 years old) and two extensively
managed grasslands (one meadow, one grassland grazed by sheep) were
monitored. Hymenoptera were sampled from March to July 1995 using six
photo-eclectors on each site. The eclectors were placed randomly and emptied
every four weeks. Insects were identified to family level.

Another analysis (32) as part of the same study as in (28) found that skylark
Alauda arvensis densities on set-aside fields ranged from zero to approximately
2.7 birds/ha. A total of 74 set-aside fields (36 rotational and 38 non-rotational)
were examined, each from a different farm. Fields with approximately 30% bare
earth, straw and litter had the highest densities of skylarks.

A replicated site comparison study near Karlsruhe, south Germany (33)
examined the abundance and species richness of foraging bees, both solitary and
social, on annually mown set-aside fields of different ages and management. The
number of bee species increased with the age of set-aside fields, from 15 species
on 1-year-old fields to 25 species on 5-year-old fields. Two-year-old set-aside
fields had the most bee species - 29 on average, compared to 32 species for old
meadows, including an average of around five oligolectic species (specializing on
pollen from a small group of plant species). One-year-old set-aside fields sown
with phacelia had an average of 13 bee species, mainly common, generalized
species of bumblebee Bombus and Lasioglossum.
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As part of the same study of wood mice Apodemus sylvaticus on an arable
farm in England as that described in (24, 25) and (34) found that after harvest,
mice preferred hedgerow to set-aside. Before harvest, wood mice tended to use
habitats (crop, margin set-aside, block set-aside and hedgerow) at random. After
harvest, set-aside was avoided. Margin and cut set-aside were avoided
significantly more than block and uncut set-aside. A three ha block of set-aside
adjoining a 20 m wide set-aside field margin was sown (grass/clover mix) in
1995 between two arable fields. Twenty-four alternate 50 x 6 m wide patches of
cut and uncut set-aside were created either side of the central hedgerow. The
remaining 14 m width of the margin was cut as normal. Thirty four wood mice
were radio-tracked continuously for at least three nights (June-July and
September-November 1996-1997).

A replicated site comparison in 1996-1998 on 22 farms in southern England
(35) found that skylark Alauda arvensis nests had significantly lower survival in
set-aside, compared to in cereals (22% overall survival for 525 nests in set-aside
vs 38% survival for 183 nests in cereal fields). There were no differences
between set-aside and other crop types (19% survival for 173 nests in grass
fields, 29% survival for 60 nests in other field types) or between rotational and
non-rotational set-aside. On one intensively-studied farm, over 90% of 422
skylark nests were found on ten fields of well-established, non-rotational set-
aside.

A replicated site comparison study carried out in June 2000 in ten edge
habitats at the arable Loddington Estate in Leicestershire, England (36) found a
higher density of weevils (Curculionoidea) in edges of non-rotational set-aside
than all the other habitats studied. Spider (Aranae) and rove beetle
(Staphylinidae) densities were lower in set-aside than in edges of un-grazed
pastures. Beetle banks, brood cover, one- and two-year-old wild bird cover,
hedge bottoms, sheep-grazed pasture edges, grass/wire fence lines and winter
wheat headlands were also included in the study. Invertebrates were sampled
with a vacuum suction-sampler in June 2000.

A study of different set-aside crops at Loddington farm, Leicestershire (37)
found that skylark Alauda arvensis, but not yellowhammer Emberiza citrinella
used unmanaged set-aside more than expected compared to availability.
Skylarks used unmanaged set-aside more than expected, but significantly less
than set-aside sown with kale-based wild bird cover, wild bird cover strips and
beetle banks. Cereal (wheat, barley) and broad-leaved crops (beans, rape) were
used less than expected. Yellowhammer used unmanaged set-aside as expected
compared to availability, but significantly less than cereal and set-aside with
cereal-based wild bird cover or wild bird cover strips. Field margin and midfield
set-aside strips were sown with kale-based and cereal-based mixtures for wild
bird cover, and beetle banks. Other habitat types were: unmanaged set-aside,
cereal (wheat, barley), broad-leaved crop (beans, rape) and other habitats
(including permanent pasture, woodland, hedgerows, tracks and riparian areas).
Thirteen skylark and 15 yellowhammer nests with chicks between 3-10 days old
were observed. Foraging habitats used by the adults were recorded for 90
minutes during three periods of the day.

A replicated, randomized site comparison study of 200 farms in England
with set-aside (38) found that set-aside supported a range of biodiversity.
Rotational set-aside supported 12 plant species/site and one nationally rare
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species (corn marigold Chrysanthemum segetum). On non-rotational set-aside,
plant species richness and cover of annuals was greater on naturally regenerated
than sown grass sites (27 vs 20 species/site); cover by perennials showed the
opposite trend. Older naturally regenerated sites had more perennial species, but
plant communities did not appear to be developing into those considered of
conservation value. Twenty percent of farmers reported an increase in wild
flowers, and 47% reported an increase in bird numbers on rotational set-aside.
Fifty-one percent of farmers reported an increase in wild flowers and 69% an
increase in bird numbers on non-rotational set-aside. Bird density in set-aside
was nine times higher than in crops for rotational set-aside and seven times
higher for non-rotational sown grassland set-aside. Management of set-aside had
minimal effect on bird abundance. Significantly more invertebrates were found
in set-aside than in the adjacent crop. Vegetation was assessed on 100 rotational
(spring 1996-1997) and 100 non-rotational set-aside sites (summer 1996-
1997). Breeding bird territories were mapped on 63-92 farms (1996-1997).
More intensive surveys were undertaken for: vegetation (8+ per year) on six
farms, habitat use by birds and invertebrates (pitfall trapping, May-June) on 11
farms (1996-1997). Pest data are not presented here.

A replicated, controlled study in May to September 2000-2001 on six
farmland sites near Vienna, Austria (39) found a higher number of ground beetle
(Carabidae) species in set-aside areas than in arable fields. Sowing wildflower
seed mixtures on set-aside land further increased the number of ground beetle
species. The community composition of ground beetles differed between the
three types of habitat. No statistical analyses were presented. Two unsown set-
aside fields were >50 and six years old and cut regularly. Wildflower strips (four
sites) were sown on set-aside land with the ‘Voitsauer’ seed mix containing 25
species of herbs and weeds between 1998 and 2000. Typical crops for the region
were sown on five arable fields. One of the arable fields was under conservation
contract growing a wildflower seed mix undersown in rye. Ground beetles were
sampled using four pitfall traps 10 m apart in each habitat and site. There were
five sampling periods each year, each lasting two to three days (2001) or seven
days (2000).

A replicated, controlled site comparison study from November-February in
2000-2001 and 2001-2002 on 20 arable farms in eastern Scotland (40) found
that, of 23 species recorded, only skylarks (Alauda arvensis) were significantly
denser in fields with set-aside than fields with wild bird cover crops or
conventional crops. Bird density was up to 100 times higher in wild bird cover
crops than on set-aside fields. The wild bird cover crops attracted 50% more
species than set-aside fields. Of eight species with sufficient data for individual
analysis, seven were consistently more abundant in wild bird cover than in set-
aside fields. Set-aside fields were those in which cereal stubble was left to
regenerate naturally. Between 6.2 and 28.3 ha were sampled on each farm
annually.

A review and meta-analysis of 127 studies comparing set-aside and
conventional land (41) found that species richness and population densities of
plants, birds, insects and spiders and harvestmen were significantly higher on
set-aside land than on nearby conventional fields in Europe and North America.
Positive effects were greatest on larger and older areas of set-aside, when the
comparison conventional field contained crops rather than grasses, in countries
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with more arable land under agri-environment schemes and with less intensive
agriculture. Overall, variation in establishment methods and types of set-aside
made little difference to the positive effect on biodiversity, although species
richness was increased more when set-aside was naturally regenerated rather
than sown.

A replicated, controlled, paired sites comparison in summer 2003 in County
Laois and County Kildare, Ireland (42) found that 18 set-aside fields had
significantly higher bird species diversity and richness than 18 adjacent
agricultural fields (an average of 12.8 species on set-aside vs 9.2 species on
control fields). Three species - meadow pipit Anthus pratensis, skylark Alauda
arvensis and woodpigeon Columba palumbus - were significantly more abundant
on set-aside. Six species (whitethroat Sylvia communis, goldcrest Regulus regulus,
blackcap Sylvia atricapilla, stonechat Saxicola torquata, tree sparrow Passer
montanus and treecreeper Certhia familiaris) showed a preference for non-set-
aside fields, but these were not statistically significant and were considered
likely to be based on field margins, rather than field management. Six species
were associated with non-rotational set-aside, two with rotational set-aside, one
with long-term grazed pasture set-aside and three with first year pasture set-
aside.

A controlled trial in Jokioinen, southern Finland (43) from 2003 to 2004
found more spiders (Araneae) and flying insects in set-aside than in a control
cereal crop, but not more plant species or ground beetles (Carabidae). Spiders
were significantly more abundant in two-year fallows, regardless of the sowing
treatment (28-55 spiders/trap) than in one year fallows, in which spider
numbers did not differ from the control cereal crop (less than 10 spiders/trap).
Numbers of flying insects in the vegetation followed a similar pattern, with fewer
insects in first year fallows than in stubble or two-year fallows. Numbers of
ground beetles and numbers of plant species were similar across all fallow
treatments and in the case of beetles, also in the control cereal crop (5-25
beetles/trap, 2-14 unsown plant species/m2). Two-year fallow plots sown with
red clover had fewer plant species (around 2 species/m?) than control cereal
fields, which had around 16 plant species/m2. Fallow treatments were
established in 2003 or 2004, each on a 44 x 66 m plot. The treatments were: one-
and two-year fallow sown with either grasses, or a grass-red clover Trifolium
pratense mix; two-year rotational fallow established by undersowing spring
cereal with either grasses, or a grass-red clover mix. The control was a spring
barley crop. Insects were sampled using a yellow sticky trap and three pitfall
traps in the centre of each plot for a week in June, July and August 2004. Unsown
plant species were counted in four 50 x 50 cm quadrats in each plot in late
August 2004.

A replicated, controlled site comparison in 1999 and 2003 on 256 arable and
pastoral fields across 84 farms in East Anglia and the West Midlands, England
(44) found that only two of twelve farmland bird species analysed were
positively associated with the provision of set-aside, wildlife seed mixtures or
overwinter stubble. These were skylark Alauda arvensis (a field-nesting species)
and linnet Carduelis cannabina (a boundary-nesting species). The study did not
distinguish between set-aside, wildlife seed mixtures or overwinter stubble,
classing all as interventions to provide seeds for farmland birds.
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A replicated site comparison study of agri-environment scheme habitats in
arable farmland in England (45) found that set-aside tended to have lower
numbers of small mammals than sown grass margins. Numbers of small
mammals caught in permanent set-aside (fallowed for five years or more, annual
cutting of at least 90%: 1.6-2.0 mammals/plot) were lower than in 2 m grass
field margins (2.9-4.4 mammals/plot) and 6 m margins (2.5-3.6 mammals/plot).
In 2003, significantly fewer common shrew Sorex araneus and wood mouse
Apodemus sylvaticus were captured in set-aside (shrews: 0.6; mice: 0.5) than
grass margins (shrews: 0.9-1.4; mice: 0.7-1.1). The trend was similar for bank
voles Myodes glareolus in 2004 (set-aside: 0.5 voles/plot; margins: 1.4-1.6
voles/plot). Species richness did not differ significantly between treatments
(1.7-2.0 species). Twelve small mammal traps were set within 20 plots per
treatment (1 m from the habitat boundary) for four days in November-December
2003-2004. Mammals were individually fur-clipped and released. Results from
farm woodlands are not included here.

A review of the effects of agri-environment scheme options and set-aside on
small mammals in the UK (46) found that results tended to depend on the
management of set-aside. Studies have found that after harvest wood mice
Apodemus sylvaticus avoided cut set-aside and crops and preferred uncut set-
aside and hedge (34); that wood mice tended to avoid set-aside land relative to
crop and hedgerow habitats (Tattersall & Macdonald, 2003); that wood mice
used set-aside with species-rich mixes of grasses and native forbs more, and
tended to avoid set-aside established using a simple grass/clover mix (24) and
that set-aside established as margins next to hedgerow had a more abundant and
diverse small mammal community than larger blocks (25). Although small
mammal abundance did not increase as set-aside aged, one study found that
species composition changed and species diversity and species richness
increased (Tattersall et al.,, 2000).

A replicated site comparison study of 31 rotational set-aside fields in
England (47) found that invertebrate numbers tended to be higher in
uncultivated field boundaries than within set-aside fields. There were
significantly lower numbers of the following groups within set-aside compared
to at field edges: harvestmen (Opiliones; 0 vs 3/m?), leathoppers
(Auchenorrhyncha; 10 vs 60), true bugs (Heteroptera; 2-10 vs 25), parasitic
wasps (14 vs 20), beetles (Coleoptera; 7 vs 22), flies (Dipteral; 38-42 vs 63),
‘chick food items’ (20-30 vs 85) and ‘highly ranked predators’ (1 vs 5). Aphids
were more numerous in set-aside than at the field boundary (100-112 vs
10/m?). There was no significant difference in numbers of spiders (Araneae),
lacewing (Neuroptera) larvae, butterfly and moth (Lepidoptera) larvae, sawfly
(Tenthreadinidae) larvae and aphid predators between the margin and the field.
Invertebrates were sampled in the uncultivated field boundary (0 m) and at 3 m
and 50 m in to each field in mid-May. Total invertebrates (excluding springtails
(Collembola) and thrips (Thysanoptera)) and those in 12 groups known to be
food for farmland birds were recorded.

A 2007 systematic review (48) identified 11 papers investigating the
effect of set-aside provision on farmland bird densities in the UK. In both winter
and summer surveys there were significantly higher densities of farmland birds
on fields removed from production and under set-aside designation than on
conventionally farmed fields. The meta-analysis included experiments conducted
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between 1988 and 2002 from eight controlled trials and three site comparison
studies.

A before-and-after study examining data from 1976 to 2003 from farms
across southern Sweden (49) found that four locally migrant farmland birds
showed less negative (or positive) population trends during a period of
agricultural extensification, which included an increase in the area of set-aside.
The authors suggest that the two could be causally linked.

A before-and-after site comparison study in 2000-2005 in Bedfordshire,
England (50) found that set-aside fields sprayed in May or June supported higher
densities of grey partridge Perdix perdix, seed-eating songbirds and skylark
Alauda arvensis, compared to set-aside sprayed in April or crop fields (although
seed-eating songbirds were equally numerous on oilseed rape Brassica napus
fields). Early-sprayed set-aside had consistently lower densities of all species,
compared to all land uses except winter-sown wheat.

A site comparison study of seven arable fields over two years in Devon, UK
(51) found that in set-aside, spider abundance was higher, but number of species
was similar to other arable fields. Numbers of species in set-aside (14) were
similar to winter wheat (14-15) and maize (13), but higher than in winter
barley, temporary grass ley (10-11) or permanent grass ley (9). Abundance was
highest in set-aside (2,490 spiders), followed by wheat (2,009-2,039), maize
(1,325), temporary ley (1,280), barley/temporary ley (1,087) and permanent ley
(1,067). In set-aside, non-linyphiid spiders (money spiders; 1,236) accounted for
a greater proportion of the total spiders sampled than in other field types. The
total number of linyphiids in set-aside (1,254) was similar to numbers in ley
(1,039-1,268) and maize fields (1,253). Spider numbers decreased once set-
aside was cut. The set-aside field was established the year before the study and
previously received low intensity management and occasional sheep grazing.
Set-aside was cut once in August and was grazed over winter. A D-Vac suction
sampler was used to take six sub-samples in each field at 2-3 week intervals
from June 2001 to October 2002.

A site comparison study in 2002-2009 on mixed farmland in Hertfordshire,
England (52) found that the estimated population density of grey partridge
Perdix perdix was significantly higher on set-aside land than on conventional
arable crops. The difference was strongest for rotational set-aside, with non-
rotational set-aside not having a significant positive impact on partridge
densities.

A site comparison study on four farms in Aberdeenshire, northeast Scotland,
in summer 2005 (53) found that yellowhammers Emberiza citrinella from ten
nests preferentially foraged on set-aside land, compared to cereal fields, but that
this preference was not significant (set-aside comprising 23% of available
habitat but used for 42% of foraging flights vs cereals comprising 42% of habitat
and being used 25% of the time). The authors suggest that the lack of
significance may be due to small sample sizes.

A replicated, controlled site comparison in summer 2008 in northwest
Scotland (54) found that croft sections in fallow had nine times more foraging
bumblebees than croft sections grazed by sheep and cattle in July. In August
there were more foraging bumblebees in fallow sections than sections with a
silage crop, but fewer than in sections sown with a ‘bird and bumblebee’
conservation seed mix. Red clover Trifolium pratense and greater knapweed
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Centaurea nigra were two of few plant species favoured by bumblebees and were
predominantly found in the fallow sections July-August. Thirty-one crofts located
on Lewis, Harris, the Uists and at Durness were included in the study. In addition
to the four management types mentioned, arable crops, unmanaged, sheep-
grazed and winter-grazed pastures were surveyed for foraging bumblebees and
bumblebee forage plants along zigzag or L-shaped transects in each croft section
in June, July and August 2008. Foraging bumblebees 2 m on either side of
transects were identified to species and recorded together with the plant species
on which they were foraging. Inflorescences of all plant species were counted in
0.25 m? quadrats placed at 20 or 50 m intervals along the transects.
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2.8. Connect areas of natural or semi-natural habitat

o Al four studies (including one site comparison and two replicated trials) from the Czech
Republic, Germany and the Netherlands investigating the effects of habitat corridors or
restoring areas of natural or semi-natural habitat between existing patches found some
degree of colonization of these areas by invertebrates or mammals. However for
invertebrates one unreplicated site comparison reported that the colonization process
was slow?, and three studies found that the extent of colonization varied between
invertebrate taxal245.
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e One small, replicated study from the Czech Republic investigated colonization of two
bio-corridors by small mammal species3. It found more small mammal species in the
bio-corridors than in an adjacent forest or arable fields.

e All three studies from Germany and the Netherlands looking at the effects on
invertebrates found mixed results. One replicated study found more species of some
wasps (cavity-nesting wasps and caterpillar-hunting wasps) in grass strips connected
to forest edges than in isolated strips®. An unreplicated study found that the abundance
of three ground beetle species substantially increased in an arable field undergoing
restoration to heathland but that typical heathland species failed to colonize over the
12 year period!. One study found that two out of 85 ground beetle species used a
meadow and hedge-island strip extending from semi-natural habitats into arable
farmland?. In the same study the habitat strip did not function well for ground beetles
and harvestmen but was colonized by snails and spiders*.

Background

This intervention involves the creation of habitat corridors between currently
isolated natural/semi-natural habitats or the restoration of natural/semi-natural
habitats between existing patches.

Habitat fragmentation, as well as destruction, may be an important driver of
population declines. Small areas hold fewer species than large ones and if
individuals are unable to cross areas of converted habitat then populations in
separate habitat patches will become isolated. This potentially makes them more
vulnerable to extinction, from natural variations in birth and death rates or sex
ratios, from inbreeding depression and from outside pressures; both natural (such
as storms or wildfires) and man-made (such as hunting or continued habitat loss).
However the precise effects of habitat fragmentation, as opposed to loss, are debated
(e.g. Fahrig 1997).

Theoretically, the number of species surviving in a habitat fragment is
determined by its size and its effective distance to other habitat patches (MacArthur
& Wilson 1967). Connecting remaining areas of natural or semi-natural habitat is
therefore often seen as a way to increase the viability of populations, but there is
considerable debate as to the effectiveness of such ‘wildlife corridors’ (e.g. Beier &

Noss 1998).

MacArthur R.H. (1967) The Theory of Island Biogeography. Princeton University Press, Princeton,
New Jersey.

Fahrig L. (1997) Relative effects of habitat loss and fragmentation on population extinction. The
Journal of Wildlife Management, 61, 603-610.

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

An unreplicated habitat restoration study from 1973 to 1984 on a heathland
reserve in the Netherlands (1) found a substantial loss of ground beetle
(Carabidae) species in an ex-arable field undergoing restoration to heathland
over the 12-year period. Many of the ground beetle species that disappeared or
decreased were able to disperse and capable of flight. The adjacent heathland
and a young coppiced oak forest did not lose any species characteristic of their
respective habitats over the same period. The numbers of several ground beetle
species (Amara communis, Pterostichus versicolor, A. lunicollis) increased
substantially in the field over the 12 year period, and the authors attribute this
increase to the restoration process, which involved management to promote
nutrient impoverishment of the soil. A small group of species that favour dense
heather (Calluna spp., Erica spp.) vegetation and that were found in the adjacent
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heathland had not colonized the restoration field by the end of the study.
Cultivation of the ca. 5 ha field ceased in 1972, prior to which it had mainly been
used for growing wheat. The vegetation was thereafter mown annually and the
cuttings removed in order to impoverish the soil. Sets of three pitfall traps (25 x
25 cm, 10 m apart) were established in the restoration field, the heath, the forest
and a 3-4 m wide sand bank running between the field and the forest. Ground
beetles were sampled weekly throughout the year for 12 years.

An unreplicated site comparison study from 1982 to 1991 in western
Germany (2) (same study as (4)) found that out of 85 ground beetle (Carabidae)
species sampled, only two used a young habitat strip as a dispersal corridor. The
two ground beetle species (Carabus nemoralis and Notiophilus palustris) which
appeared to use a meadow and hedge strip as a dispersal corridor were initially
present in the semi-natural source habitat and gradually appeared along the
strip over the 9 years following planting (1982 to 1990). Although three other
ground beetle species also immigrated to the corridor, they were able to fly, so
the linear shape of the habitat was unlikely to be important to them and it could
not be confirmed that they originated from the studied source habitat. Twenty-
five ground beetle species present in the source habitat showed no tendency to
disperse to the corridor. The corridor was established in 1982, consisting of a 1.6
km-long, 10 m-wide meadow strip, along which nine 400 m? hedge islands were
planted as stepping stones. It was attached at one end to an area of old mixed
semi-natural habitat (woods, hedge fragments, ponds surrounded by small reeds
and wet and dry meadows) and extended into intensive arable farmland. Ground
beetles were sampled along the corridor using six pitfall traps in hedge islands
and meadow strips from 1982 to 1990. Semi-natural habitats and adjacent
arable fields were sampled from 1990 to 1991.

A small replicated study from 1992 to 1996 in an arable area in the Czech
Republic (3) found that from the third year after planting, two bio-corridors (10
m-wide, planted with trees and shrubs) had more small mammal species and
individuals than two adjacent fields or a forest. The bio-corridors had eight small
mammal species (supporting both field and forest species) and 128-143
captures compared to five species and 47-68 captures in fields (maize and
wheat) and 66 captures in the forest. The mammal community in the forest
differed from that of the bio-corridors and fields, where wood mouse Apodemus
sylvaticus and common vole Microtus arvalis tended to dominate. During the
autumn (from 1994), the wood mouse population peaked in bio-corridors, but
few were caught in (bare) fields. The two bio-corridors were planted in 1991,
one extended perpendicular to a forested area into an arable field and the second
extended from the end of the first bio-corridor further into the crop. They were
fenced and ploughed in the first years after planting to allow short-lived weeds
to grow in the herb layer. Fifty snap traps were set in a 150 m line in each habitat
and left for three nights twice in spring and autumn from 1992 to 1996 and in
summer 1994.

The same unreplicated site comparison study as (2), between 1982 and
1998 (4) found marked differences in the effectiveness of the meadow and
hedge-island habitat strip as a dispersal corridor for four invertebrate taxa:
ground beetles (Carabidae), harvestmen (Opiliones), spiders (Araneae) and
snails (Gastropoda). Nine years after planting, the strip did not (or not yet)
function well as a dispersal corridor for ground beetles or harvestmen. Snails
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were the best colonizers, with the highest proportion of species migrating to the
strip, including target woodland species. The authors suggest that passive travel
by small snails on mammals or birds may have contributed to this. Spiders also
had a high proportion of immigrating species, but many of them were not
present in the source habitat and may have passively ‘ballooned’ in from the
surrounding area, rather than using the strip as a dispersal corridor. The authors
conclude that while the hedge islands appear to be working as stepping stones
for species able to travel passively, this is not true for actively moving
invertebrates such as ground beetles or harvestmen, perhaps because of the age,
size or connectedness of hedge islands at the time of study. In addition to the
sampling regime described in (2), invertebrates were sampled from the
surrounding area in 1992-1994 and 1997-1998. Spiders, harvestmen and
ground beetles were sampled using pitfall traps and snails were sampled by
flotation (in 1984, 1987 and 1990).

A replicated study in 2004 in Lower Saxony, Germany (5) found that the
numbers of cavity nesting wasp (Hymenoptera) species, brood cells and
caterpillar-hunting wasp (Eumenidae) brood cells in trap nests, were higher in
grass strips connected to forest edges than in trap nests in isolated grass strips.
The number of wasp species was significantly higher in connected (2.3 species)
than in highly isolated grass strips (0.8), differences were not significant
between connected and slightly isolated (1.2) or between slightly and highly
isolated strips. Numbers of wasp brood cells were significantly higher in
connected (30 brood cells) than slightly (7) and highly isolated grass strips (4),
caterpillar-hunting wasps showed the same pattern. Numbers did not differ
between strip types for spider-hunting wasps (Sphecidae), species richness of
parasitoids or numbers of parasitized brood cells. At each of 12 arable sites, 9-12
traps were placed in three types of 3 m-wide grass strip: ‘connected’ strips
connected via a corridor to a forest edge (traps set 200 m from forest), ‘slightly
isolated’ strips separated from forest by a cereal field (traps 200 m from forest,
no connecting corridor) and ‘highly isolated’ strips 600 m from the nearest forest
edge (no connecting corridor). Distances between trap nests were at least 600 m.
Trap nests consisted of four plastic tubes filled with common reed Phragmites
australis sections (2-10 mm diameter) and were installed at a height of 1.0-1.2

m from April-September 2004.

(1) van Dijk T.S. (1986) Changes in the carabid fauna of a previously agricultural field during the
first twelve years of impoverishing treatments. Netherlands Journal of Zoology, 36, 413-437.

(2) Gruttke H. (1994) Dispersal of carabid species along a linear sequence of young hedge
plantations. Pages 299-303 in: K. Desender, M. Dufrene, M. Loreau, M. L. Luff & ]. P. Maelfait (eds.)
Carabid beetles: Ecology and Evolution, Kluwer Academic Publishers, the Netherlands.

(3) Bryja]. & Zukal . (2000) Small mammal communities in newly planted biocorridors and
their surroundings in southern Moravia (Czech Republic). Folia Zoologica, 49, 191-197.

(4) Gruttke H. & Willecke S. (2000) Effectiveness of a newly created habitat strip as dispersal
corridor for invertebrates in an agricultural landscape. Proceedings of the Environmental
Encounters Series: Workshop on ecological corridors for invertebrates: strategies of dispersal and
recolonisation in today's agricultural and forestry landscapes. Neuchatel, May 2000, 45, pp 67-80.
(5) Holzschuh A, Steffan-Dewenter I. & Tscharntke T. (2009) Grass strip corridors in
agricultural landscapes enhance nest-site colonization by solitary wasps. Ecological Applications,
19,123-132.
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2.9. Manage hedgerows to benefit wildlife (includes no
spray, gap-filling and laying)

e Ten studies from Switzerland and the UK (three replicated and controlled studies of
which one was randomized) found that managing hedges for wildlife resulted in
increased berry yields0, species diversity or richness of plants289 and invertebrates?
and diversity2> or abundance511.14.19.20 of farmland birds.

o Five studies from the UK (including one replicated, controlled and randomized study)
found that hedge management did not affect plant species richness3612, numbers of
bumblebee queenst® or farmland birds!’.18, Two replicated studies have shown mixed
or adverse effects, with hedge management having mixed effects on invertebrates612
or leading to reduced hawthorn berry yield?.

o A replicated site comparison in the UK! found hedges cut every two years had more
suitable nesting habitat for grey partridge than other management regimes. A
replicated study from the UK found that hawthorn berry yield was reduced when
management involved removing fruit-bearing wood’.

Background

Hedges can be key habitats for farmland biodiversity, but they may need
managing to maximize their value. Managing hedges to benefit wildlife involves
one or more of the following management changes: reduce cutting frequency;
reduce or avoid spraying; mow vegetation beneath hedgerows; fill gaps in
hedges; coppice or lay to restore traditional hedge structure.

See also ‘Reduce fertilizer, pesticide or herbicide use generally’, which
includes studies monitoring hedgerow biodiversity in response to management
outside the hedgerows.

A study of nine farms in England and one in Scotland from 1979 to 1981 (1)
found that the most suitable nesting habitat for grey partridge Perdix perdix was
in hedges trimmed biennially compared to those unmanaged, occasionally
managed, cut annually, sides cut annually, boundaries with verges cut or
regularly grazed. Grey partridge breeding density and recruitment increased
with the length of field boundary, amount of dead grass and height of earth bank
at the hedge base. Nests were sited where dead grass, bramble and leaf litter
were significantly more abundant and bank height was higher. Field boundaries
and hedges were surveyed in late winter. Breeding density was surveyed in
March. Four farms were searched for nests and nest success was recorded. Forty-
two grey partridge nests were recorded. Hedge characteristics were recorded
around each nest and at a randomly chosen 'non-nest' site within 100 m.

A replicated, controlled, randomized study of 14 hedges at ten sites
throughout Northern Ireland in 1991 (2) found that hard coppicing increased
numbers of plant species and laying increased numbers of invertebrate species.
Treatments had higher numbers of plant species/plot compared to the control
(26), but this was only significant for coppicing (with planting in gaps; 31-34),
not pollarding (28) or laying (27). There were significantly more invertebrate
orders in laid hedges (4.1) than the control (2.6). Numbers in coppiced (3.6-3.8)
and pollarded (3.2) hedges did not differ significantly from the control. There
were similar numbers of plant species and invertebrate orders in
Environmentally Sensitive Area and non- Environmentally Sensitive Area hedges.
The 14 hedges were dominated by hawthorn Crataegus monogyna, had 150 m of
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uniform height and density of trees, had permanent pasture on both sides and
were largely overgrown and unmanaged. The five treatments were applied to 25
m lengths of each hedge. Hedges were fenced to exclude grazing and were cut to
1.5 m each third year where appropriate. Plants were listed within each plot
during the summer. Invertebrates were sampled using shelter traps (20 x 5 cm)
in the hedgerow canopy during May. Additional plant data are available for 1992
and 1994 (3).

In the same study as (2), (3) found that although hard coppicing, pollarding
(to 1.5 m) and laying initially increased plant species diversity, after four years it
had no effect on species richness. In 1991, two treatments had more plant
species than the control (25 species; coppicing: 31-33; pollarding 28); the
exception was laying (27). By 1994, although more species were recorded from
all treatments than the control (23), none were significantly different (coppicing:
25-26; laying: 25; pollarding: 25). In 1991, the six Environmentally Sensitive
Area hedges and eight non-Environmentally Sensitive Area hedges both had a
mean of 20 plant species. Environmentally Sensitive Area hedges coppiced with
mixed planting had significantly more species than control Environmentally
Sensitive Area hedges (23 vs 19). By 1994, Environmentally Sensitive Area sites
had slightly higher plant diversity than non- Environmentally Sensitive Area sites
(1992: 21 vs 20; 1994: 22 vs 20).

A replicated study of hedgerows in Cambridgeshire, UK (4) found that
hawthorn Crataegus monogyna berry yield was significantly higher in
unmanaged hedgerows than those that were laid (and trimmed after 5 years) or
coppiced (and trimmed after 5 years) or pollarded to 1.5 m. Yield decreased with
more extreme management treatments (unmanaged: 148-161 g/2.5 m?; laid:
48-85 g/2.5 m?; coppiced: 3 g/2.5 m?; pollarded: 2 g/2.5 m?). There was some
compensation for reduced hawthorn yields in laid and coppiced hedgerows
through increased rose hip yields, although rose hip samples were too small for
analysis. There were no significant differences between laid (84 g/2.5 m?) and
laid and trimmed hedgerows (86 g/2.5 m?); the two hedgerow treatments were
visually difficult to separate. The weights of 50 berries were lighter in coppiced
plots (11 g) than all other treatments (15-16 g). There were no significant
differences in berry dry matter content between treatments (45-51%).
Hawthorn and rose Rosa canina agg. berries were harvested from three to eight
replicates in October 1997. Hedgerows were laid or coppiced in 1990-1991 and
were trimmed or pollarded in 1995-1996. Berries were harvested within each
plot (20-40 m long sections) from five 50 x 50 cm quadrats on the side of
hedges, 1 m above ground.

A 2000 literature review (5) found that the UK population of cirl bunting
Emberiza cirlus increased from between 118 and 132 pairs in 1989 to 453 pairs
in 1998 following a series of schemes designed to provide overwinter stubbles,
grass margins, and beneficially managed hedges and set-aside. Numbers on fields
under these schemes increased by 70%, compared with a 2% increase
elsewhere.

A replicated study of hedgerows within seven arable and pastoral farms in
England and Wales (6) found that cutting frequency and timing affected
invertebrate numbers but not plant diversity. Abundance of individual
invertebrate groups tended to decline with regular hedge cutting. However,
although numbers of some taxa such as jumping plant lice (Psyllids) were higher
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in uncut sections, cutting increased others, notably herbivores and detritivores
such as true bugs (Heteroptera; uncut: 4/plot; annual: 22-28; biennial: 15-23),
beetles (Coleoptera; uncut: 4/plot; annual: 5-9; biennial: 8-13), springtails
(Collembola) and thrips (Thysanoptera). Cutting in February rather than
September reduced numbers of butterflies and moths (Lepidoptera; 33 vs
65/plot) and flies (Diptera; 82 vs 118/plot), but increased beetles (Coleoptera;
9-13 vs 5-8) the following summer. Cutting frequency (uncut, annual, biennial
and triennial) and timing did not affect numbers of plant species in the hedge or
hedge base. Hedge dimensions were greatest on annually cut hedges and
smallest on those uncut. The longer the hedge was left between cuts, the more
berries were produced (uncut, biennial, annual). Berry numbers were reduced
with triennial cuts. Each hedgerow received replicated treatments (15-21) of
each cutting frequency and timing. Data were obtained on the abundance of
berries (autumn), shrubs, hedge-base flora and invertebrates (May and July)
within each hedgerow plot. The same study is presented in Marshall et al. 2001.

A replicated study of hedgerows in Cambridgeshire and Warwickshire,
England (7) (same site as (4)) found that hawthorn Crataegus monogyna berry
yield was significantly reduced when management involved removing fruit-
bearing wood. Yield was significantly higher in sections that had been laid (282
g/2.5 m?) or uncut (219-421) than those that had been cut (4-10), coppiced (3-
26) pollarded (70) or grubbed out (0). Yield differences were due to greater
numbers of berries rather than increased berry size. At Monks Wood, the dry
matter content was significantly higher in uncut sections; this was not the case at
Drayton. At Drayton there were five randomized replicate plots (12 m long) of
the following five treatments: unfenced or fenced control cut annually; fenced
uncut; coppiced; grubbed out and replanted with blackthorn. At Monks Wood,
there were two randomized trials each of 10-12 (20 m long) plots that received
3-5 replicates of three (uncut, coppiced or laid) or two (uncut or pollarded to 1.5
m) treatments. Berries were harvested within each plot from five 50 x 50 cm
quadrats on the side of hedges, 1 m above ground.

A replicated, controlled study of three hedgerows in farmland at Long
Ashton Research Station, Somerset (8) found that hedgerow management,
particularly sowing perennial seed mix, increased botanical diversity in the
hedge base. Plant species diversity in sown plots was significantly higher than in
plots where the hedge was cut, in two arable fields (17-38 vs 13-27 species in
sown and unsown plots respectively) and one grassland field (23-27 vs 16-23).
In the grassland field, there was little difference between treatments
(unmanaged: 15-21; autumn cut: 16-23; selective herbicide: 17-23; no fertilizr:
19-24) and the initial increase in number of plant species in the sown plot did
not persist. In the cereal fields plots sown without selective herbicides tended to
have more plant species than plots sown with selective herbicides (18-27 vs 16-
23). There was no overall difference between number of plant species in
autumn- (14-26 species) and spring-cut hedges (13-27). Excluding fertilizer
(13-31 plant species) and applying selective herbicide (17-29 plant species)
tended to increase the number of plant species, although the initial increase due
to fertilizer exclusion only persisted in one of the two arable fields. Total
herbicide application initially reduced the number of plant species to four, but
species rapidly recovered (15-24). The number of true bug (Heteroptera)
species was higher in plots treated with selective herbicide than other
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treatments (grassland: 10 vs 7 true bug species with and without selective
herbicide respectively; arable: 5 vs 1-3). Three hedgerows with low botanical
diversity and high annual weed densities were selected. Treatments were
applied to consecutive 1 m wide plots along each hedge bottom. Vascular plants
were recorded in May and July-August 1997-1999. Invertebrates were sampled
using a D-Vac suction sampler (four 5-second samples).

A site comparison study of 60 hedgerows on two neighbouring arable farms
in Wiltshire, UK (9) found that coppiced and gapped-up hedges had the greatest
number of plant species (23 species on average) followed by those with adjacent
sown grass and grass/wildflower strips (2, 4 or 20 m wide; Manor Farm: 17
species) and those with a 0.5 m sterile strip created with a broad-spectrum
herbicide (Noland’s Farm: 15 species). Hedges with adjacent sown strips had a
lower abundance of pernicious weed species. The composition of woody species
within hedges did not differ between the two farms (Manor Farm: 22 woody
species, Noland’s Farm: 16 woody species). All 23 sampled hedges on Noland’s
Farm were trimmed annually and had the vegetation at the hedge base cut. The
37 sampled hedges on Manor Farm were trimmed in alternate years, and nine
were coppiced and gapped-up. Hedge vegetation was assessed in 25 m long plots
in the middle of a field edge, on both sides of each hedge, in June 1996.

A replicated site comparison study of hedgerows at two arable and one
mixed farm in England (10) found that berry yield was significantly higher in
hedges managed but uncut for at least two years (143-175 g/2.5 m?) than those
cut annually (4-11 g/2.5 m?), but both had significantly lower yields than those
uncut for many years (305-530 g/2.5 m?). There was no significant difference in
the percentage dry matter content between treatments (uncut: 36-42% dry
matter; uncut = two years: 34-44%; annual cut: 35-41%). The farms were in
Yorkshire, Cambridgeshire and Buckinghamshire (mixed). Five hedges of each
cutting regime were identified per site. Hawthorn berries were harvested
(September-October 2001) from 10 quadrats (50 x 50 cm) on the side of hedges,
1 m above ground and at 10 m intervals (or the next nearest hawthorn to 10 m).

A small replicated, controlled study from May-June in 1992-1998 in one
experimental area with managed hedges (3 km?) and four conventionally
managed arable farms in Leicestershire, England (11) found that the abundance
of nationally declining songbird species and species of conservation concern
significantly increased through time in the site with managed hedges. Although
there was no overall difference in bird abundance, species richness or diversity
between the experimental and control sites, numbers of nationally declining
species rose by 102% (except for Eurasian skylark Alauda arvensis and
yellowhammer Emberiza citrinella). Nationally stable species rose
(insignificantly) by 47% (with eight species exhibiting net increases, especially
greenfinch Carduelis chloris 68%, and four species exhibiting net decreases). The
author concluded that managing hedges to increase shrubby vegetation, as part
of an integrated management package, provides the greatest benefits to species
of conservation concern but does not affect species diversity at the farm scale.

A review of the literature on the impacts of agricultural management on
bats, their habitats and invertebrate prey in Europe (12) found one study that
reported complex impacts on invertebrates from management that affects
hedgerow structure (see (6)).
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A replicated study of 751 hedges restored under 100 Countryside
Stewardship Scheme agreement and 774 hedges restored under 100
Environmentally Sensitive Area agreements in England investigated the effects
on the hedgerow network over five years (13). Limited data were presented
comparing biodiversity pre- and post-works. Overall, the majority of hedges
under the agreements were less than 2 m wide at the base (Countryside
Stewardship Scheme: 65%; Environmentally Sensitive Area: 81%) and under 2 m
tall (Countryside Stewardship Scheme: 48%; Environmentally Sensitive Area:
57%). Trees were present in 53-56% of hedges. Overall, 21% of Countryside
Stewardship Scheme and 38% of Environmentally Sensitive Area hedges were
classified as species-rich (compared to an average of 26% of hedges in England).
The average number of basal flora species per hedge was six species under
Countryside Stewardship Scheme and eight under Environmentally Sensitive
Area agreements. Significantly more pre-works hedges were over 2 m in height
(Countryside Stewardship Scheme: 53%; Environmentally Sensitive Area: 62%)
compared to post-works hedges (Countryside Stewardship Scheme: 28%;
Countryside Stewardship Scheme: 34%). Under Environmentally Sensitive Area
agreements, significantly more pre-works hedges were over 2 m wide (20%)
than post-work hedges (11%). Countryside Stewardship Scheme hedges with a
high structural variability tended to be pre-works (16 vs12%) including hedges
of a gappy nature and of various heights. Only 11% of the pre-works Countryside
Stewardship Scheme hedges were stock-proof, compared to 18% post-works.
Hedges pre- and post-restoration works (coppicing, laying or planting) were
sampled using the national local hedgerow procedure. A maximum of eight
hedges were sampled from any one agreement.

A replicated site comparison study (14) found that on average 50% of
hedgerows in Ecological Compensation Areas on farmland in the Swiss plateau
were of ‘good ecological quality’ (based on national guidelines for Ecological
Compensation Area target vegetation). Ecological quality was higher for
Ecological Compensation Area hedges in the ‘pre-alpine hills’ zone than in the
more intensively farmed ‘lowland’ zone, due to more old trees and fewer
invading plants. The centres of territories of hedgerow birds were significantly
more frequent in or near Ecological Compensation Area hedges (293 territories),
suggesting that hedgerow birds were attracted to or favoured these areas. Plant
species and hedgerow characteristics were recorded for 317 Ecological
Compensation Area hedgerows (total length 44 km) in eleven study areas
between 1998 and 2001. Territories of breeding birds were mapped in 23 study
areas, based on three visits between mid-April and mid-June.

A 2007 site comparison study on 23 sites in the lowlands north of the Alps,
Switzerland (15) found twenty-three out of one hundred hedges managed as
Ecological Compensation Areas had at least one of the 37 surveyed bird species
present, compared to 13/100 hedges outside the agri-environment scheme. The
23 sites (covering up to 3 km? each) were randomly selected and surveyed three
times each between April and June in both years of study.

A replicated, controlled trial of the Rural Stewardship agri-environment
scheme on five farms in Scotland (16) found that hedgerows dominated by
hawthorn Crataegus monogyna or blackthorn Prunus spinosa were less attractive
than field margins or grasslands to nest-searching queen bumblebees Bombus
spp. in April and May. There was no significant difference in numbers of foraging

69



or nesting queens between hedgerows managed under the agri-environment
scheme (winter cut every three years, gaps filled, vegetation below unmown and
unsprayed) and conventionally managed hedgerows. The study took place before
the woody species comprising the hedgerow came into flower. Nest-searching
and foraging queen bumblebees were recorded on six 100 x 6 m transects on
each farm, once a week from 14 April to 16 May 2009, on dry days with
temperatures of 5-25°C. Each farm had two arable field margin transects, two
grassland (non-boundary) transects, and two hawthorn- or blackthorn-
dominated hedgerow transects. On farms with the Rural Stewardship Scheme,
one of each transect type was under the agri-environment scheme.

A replicated site comparison of 2,046, 1 km? plots of lowland farmland in
England in 2005 and 2008 (17) (same study as (18)) found that management of
hedges and ditches under Entry Level Stewardship did not have clear impacts on
farmland bird species. Management had significant positive impacts on five
species in at least one region of England, but these effects were often very weak
and four of the same species showed negative responses in other regions. The
other five ‘hedgerow’ species investigated were never positively associated with
boundary management. Generally, effects appeared to be more positive in the
north of England.

A site comparison study of 2,046, 1 km? plots of lowland farmland in
England (18) (same study as (17)) found that three years after the 2005
introduction of the Countryside Stewardship and Entry Level Stewardship
schemes, there was no association between the length of hedgerow managed
according to the agri-environment scheme and farmland bird numbers.
Hedgerow specialist species, including the yellowhammer Emberiza citrinella
and common whitethroat Sylvia communis, showed no significant population
response, whereas there were greater numbers of starling on arable, pastoral
and mixed farmland with hedgerow management. For example, in mixed
farmland plots starling populations increased by 0.2 individuals for each 1 km of
hedgerow. On the other hand, grey partridge Perdix perdix appeared to be
detrimentally affected, with an apparent decline of 0.3 individuals for every 1.1
km of hedgerow managed according to the agri-environment schemes. The
2,046, 1 km? lowland plots were surveyed in both 2005 and 2008 and classified
as arable, pastoral or mixed farmland. Eighty-four percent of plots included some
area managed according to the Entry Level Stewardship or Countryside
Stewardship Scheme. In both survey years, two surveys were conducted along a
2 km pre-selected transect route through each 1 km? square.

A replicated study in February 2008 across 97, 1 km? plots in East Anglia,
England (19) (part of the same study as (17)) found that four farmland bird
species showed strong positive responses to field boundaries managed under
agri-environment schemes. These were blue tit Parus (Cyanistes) caeruleus,
dunnock Prunella modularis, common whitethroat Sylvia communis and
yellowhammer Emberiza citrinella. A further five (Eurasian blackbird Turdus
merula, song thrush T. philomelos, Eurasian bullfinch Pyrrhula pyrrhula, long-
tailed tits Aegithalos caudatus and winter wren Troglodytes troglodytes) showed
weak positive responses and Eurasian reed buntings Emberiza schoeniclus
showed a weak negative response. The boundaries were classed as either
hedges, ditches or hedges and ditches and most were managed under the Entry
Level Stewardship scheme.

70



A replicated site comparison study on farms in two English regions (20)
found that summer yellowhammer Emberiza citrinella numbers were
significantly higher in hedges under environmental stewardship management
than in conventionally managed hedges. On East Anglian farms, this was true for
both Entry Level Stewardship and Higher Level Stewardship hedge management
options (estimated >1.5 yellowhammers/m in Higher Level Stewardship hedges
compared to <0.5 yellowhammers/m in conventional hedges). On Cotswolds
farms it was only true for hedges managed as ‘high environmental value hedges’
under Higher Level Stewardship (estimated 0.5 yellowhammers/m), while
hedges managed under Entry Level Stewardship did not have more
yellowhammers than conventional hedges (estimated <0.2 yellowhammers/m).
Hedgerows managed under Entry Level Stewardship are cut every two or three
years in winter only. Surveys were carried out in the summers of 2008 and 2009,
on up to 30 Higher Level Stewardship farms and 15 non-stewardship farms in
East Anglia, and up to 19 Higher Level Stewardship and 8 non-stewardship farms

in the Cotswolds.
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2.10. Manage stone-faced hedge banks to benefit wildlife

e We have captured no evidence for the effects of managing stone-faced hedge banks to
benefit farmland wildlife on farmland wildlife.

Background

Stone-faced hedge banks are traditional boundary features in some
agricultural landscapes, such as in the southwest of England. Management for
biodiversity involves maintaining the wall with traditional materials.

2.11. Manage ditches to benefit wildlife

e Five out of a total eight studies from the Netherlands and the UK (including one
replicated, controlled paired study and three replicated site comparisons) looking at the
effects of managing ditches on biodiversity, found that this intervention resulted in
increased invertebrate hiomass or abundance34, plant species richness>11, emergent
plant covers, amphibian diversity and abundance®, bird visit rates* and higher numbers
of some bird species or positive impacts on some birds in plots with ditches managed
under agri-environment schemesé-19,

e One replicated controlled and paired study from the Netherlands found higher plant
diversity on ditch banks along unsprayed edges of winter wheat compared to those
sprayed with pesticides?.

o Three studies from the Netherlands and the UK (including two replicated site
comparisons) found that ditch management had negative or no clear effects on some
farmland bird species®-10 or plants2”.
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Background

Ditch bank biodiversity is declining in agricultural landscapes and so
management is required to maintain and increase species diversity. Ditch
wildlife has been shown to be affected by agricultural management practices
such as mowing and grazing regimes (e.g. van Strien et al. 1989) and by ditch
management practices including cleaning/dredging technique, season and
frequency (e.g. van Strien et al. 1991, Twisk et al. 2000, 2003).

In the Netherlands, botanical agri-environment schemes to enhance
biodiversity are most commonly applied to ditch banks. Farmers are encouraged
to follow the recommended management, i.e. low stocking rate, first mowing at
the end of June or beginning July, no fertilization and deposition of dredging

material at the high end of the ditch bank.

van Strien A.], van Der Linden, ]., Melman, T.C.P & Noordervliet, M. A. W. (1989) Factors affecting
the vegetation of ditch banks in peat areas in the western Netherlands. Journal of Applied
Ecology, 26,989-1004.

van Strien A.]., van der Burg T., Rip W.]. & Strucker R.C.W. (1991) Effects of mechanical ditch
management on the vegetation of ditch banks in Dutch peat areas. Journal of Applied
Ecology, 28,501- 513.

Twisk W., Noordervliet M.A.W. & Ter Keurs W.]. (2000) Effects of ditch management on caddisfly,
dragonfly and amphibian larvae in intensively farmed peat areas. Aquatic Ecology, 34,
397-411.

Twisk W., Noordervliet M.A.W. & Ter Keurs W.]. (2003) The nature value of the ditch vegetation
in peat areas in relation to farm management. Aquatic Ecology, 37, 191-209.

A replicated, controlled paired study in 1991-1992 of ditch banks on arable
farms in the Netherlands (1) found higher plant diversity and more
important/rare plant species on ditch banks along unsprayed edges of winter
wheat compared to those sprayed with pesticides. Ditch banks next to unsprayed
edges of winter wheat had 65 plant species and a floristic value of 2,201 (scoring
system based on the importance of different plant species in terms of rarity)
compared to those sprayed with pesticides (50 species; floristic value 1,181).
There was no significant difference on banks along unsprayed and sprayed edges
of sugar beet Beta vulgaris (species: 48 and 41, floristic values: 3,616 and 3,029
respectively) and potato crops (species: 46 and 41, floristic values: 1,961 and
1,864 respectively). Frequency and cover of species and floristic value of
vegetation was recorded in two plots on each ditch, one along a sprayed and one
an unsprayed edge of sugar beet (seven), potato (eight) and winter wheat (20)
fields in June-July.

A replicated, controlled study of species sown on ditch banks on six farms in
the western peat district of the Netherlands (2) found that, overall, there was no
significant difference between overall species or species-level germination and
establishment, plant survival or reproduction (flowering/seed-setting) under
three cutting regimes. However, on high-productivity ditch banks, germination
(7% vs 4-5%), establishment (20% vs 7-15%) and reproduction (21-39% vs
15-27%) of many species were higher under ‘conventional management’ than
the three cutting treatments. On low-productivity ditch banks, plants tended to
have lower survival under ‘conventional management’ (60% vs 70-80%) and
higher reproduction under ‘conventional management’ and with the first cut in
May (33-40% vs 23-26%). One ditch bank was selected on each farm and was
divided into four treatments, each with five replicates: two cuts (July and
September), three cuts (June, August, September), two cuts (May, September),
‘conventional management’ (standard cutting and grazing - varied between
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farms). A mown/artificial gap (15 x 15 cm) was created for each of the nine
species in each plot. Approximately 100 seeds were sown of each species in
October 2001. Numbers of seedlings and established plants (=4 cm) were
monitored each month until September 2003. Biomass samples were collected
from plots (20 x 50 cm) in July 2001 (pre-treatment biomass) and before each
mowing event in 2002-2003; dry weights were recorded.

A replicated, controlled study of 32 ditches in arable and pastoral land in
2005 in Leicestershire, UK (3) (same study as (4)) found that bunded ditches,
which dammed water, had significantly greater invertebrate biomass than
controls (dry weight: 10 g/m? vs 4 g/m?). Invertebrate families other than flies
(Diptera) showed a more mixed response to bunding. Ditches were bunded
(small dams placed across ditches) and slightly widened in 5-20 m lengths, with
equal length control sections approximately 50 m upstream. Five insect
emergence traps (0.5 mm mesh, surface area 0.1 m*) were spaced along each
section. Samples were collected every two weeks (April-August 2005),
invertebrates identified to family and recorded as biomass estimates.

A replicated, controlled (paired) study of drainage ditches in arable and
pastoral areas of Leicestershire, UK (4) (same study as (3)) found that that
wetting-up ditches resulted in higher invertebrate and bird numbers. The
following were significantly greater in bunded (dammed ditches) compared to
non-bunded ditches: bird visit rates (1.0 vs 0.5 visits/month), emergent aquatic
insect biomass (1,400 vs 900 individuals/m?), surface-active fly (Diptera) adults
(in arable ditches in 2005; 85-100 vs 60-65/sample) and fly larvae and
butterfly/moth (Lepidoptera) larvae (in pastoral ditches in 2006). There was no
difference for invertebrates active in the grass layer. Vascular plant species
richness was lower and bare ground cover higher in bunded ditches than
controls in 2005 due to disturbance during creation. Sampling involved bird
observations (45 minutes, 1-2/month), fixed/floating traps for emerging aquatic
insects, pitfall traps and sweep-netting for terrestrial invertebrates and a
botanical quadrat (0.25-0.5 m?) survey. Data was obtained between April 2005-
March 2007; all year for birds and spring-summer for other groups.

A replicated site comparison study from 1999 to 2004 in the Netherlands (5)
found that ditch management affected plant diversity. Diversity was significantly
higher on farms with ecologically managed ditches (mown once in September,
cuttings removed to reduce nutrient input) buffered with = 3 m-wide field
margin strips (36-65 plant species/400 m?) and organic farms (converted to
organic less than 5 years ago: 32 plant species/400 m?, converted more than 5
years ago: 36-52 plant species/400 m?2) than conventional farms (26-34
species/400 m2). On ecologically managed farms plant diversity increased
significantly over six years (up to 27%), there was a small shift to less common
plant species and a decrease in the number of nitrogen rich species and
Ellenberg nitrogen-values. There tended to be more nitrogen poor species on
ecologically-managed and organic farms compared to conventional farms. Four
ecologically managed farms, 18 conventional and 20 organic arable farms were
studied. Cutting date varied on conventional and organic farms, but cuttings
were never removed, ditches on both farm-types did not have buffer field margin
strips. On ecologically managed farms, plant species surveys of 100 m of ditch
bank spread over the whole farm were undertaken once a year 1999-2004. On
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organic (in 2001) and conventional (2003) farms, plant species presence was
recorded on 10 x 25 m of ditch bank along a transect (May-June).

A replicated site comparison study of 18 agri-environment scheme-managed
and 24 conventionally managed ditches within pasture and perpendicular to
eight nature reserve borders in the western peat district of the Netherlands (6)
found that amphibian diversity and abundance (and emergent plant cover) was
significantly higher in agri-environment than conventional ditches. Adult green
frog Rana esculenta numbers in conventional ditches declined with distance from
reserves; this was not the case in agri-environment scheme ditches. Farmers
managing ditches under agri-environment schemes are encouraged to reduce
grazing/mowing intensity, reduce fertilizer inputs, and not to deposit mowing
cuttings or sediments from ditch cleaning on the ditch banks. Relative amphibian
abundance was measured in ditches in April-May and/or May-July 2008 just
inside reserves and at four distances (0-700 m) from reserve borders. Three
methods were used during each sampling period: five minute counts, 20 dip-net
samples and two overnight funnel traps. Habitat variables including percentage
cover of aquatic plants were also estimated.

A replicated site comparison (paired) study of ditch banks on six dairy farms
in the western peat district of the Netherlands (7) found that agri-environment
scheme ditch management did not result in increased plant diversity or
decreased productivity over 10 years. The total number of plant species on ditch
banks under agri-environment scheme management decreased significantly
between the periods 1993-1995 (31 species) and 2000-2003 (29 species);
numbers of target plant species did not differ (7 species). Productivity on agri-
environment scheme ditch banks measured as grass/broadleaved plant ratio
increased significantly (1993-1995: 0.37; 2000-2003: 0.44) and Ellenberg
nitrogen values increased in four and decreased in two farms (1993-1995: 5.82;
2000-2003: 5.92). Differences between agri-environment scheme and
surrounding ditch banks tended to decrease over the study period. Plant
diversity data were obtained from agri-environment scheme ditch banks in July-
August 1993-1995 and May 2000-2003 (42 repeatedly sampled plots) and non-
agri-environment scheme ditch banks surrounding five of the farms (78
plots/year). Five replicate biomass samples were taken from agri-environment
scheme ditch banks in mid-May 2000-2002 (9-72 plots) before grazing and
mowing. Two productivity measures were also derived from botanical data:
grass/broadleaved plant ratios and Ellenberg nitrogen-values.

A replicated site comparison of 2,046, 1 km squares of agricultural land
across England in 2005 and 2008 (8) (same study as (9,10)) found that
management of hedges and ditches under Entry Level Stewardship did not have
clear impacts on farmland bird species. Management had significant positive
impacts on five species in at least one region of England, but these effects were
often very weak and four of the same species showed negative responses in
other regions. The other five ‘hedgerow’ species investigated were never
positively associated with boundary management. Generally, effects appeared to
be more positive in the north of England.

A large site comparison study of 2,046, 1 km? plots of lowland farmland in
England (9) (same study as (8,10)) found that three years after the 2005
introduction of the Countryside Stewardship Scheme and Entry Level
Stewardship Scheme, there was no consistent association between the length of
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ditches managed according to the agri-environment scheme on a plot and
farmland bird numbers. There were higher numbers of linnet Carduelis
cannabina and reed bunting Emberiza schoeniclus, which are known to nest in
ditch bank vegetation, in plots with ditches managed according to the
Countryside Stewardship Scheme and Entry Level Stewardship compared to
other plots. However, this difference was not observed for other species also
expected to benefit from ditch management, including yellowhammer Emberiza
citrinella and yellow wagtail Motacilla flava. Between 2005 and 2008, Eurasian
skylark Alauda arvensis and grey partridge Perdix perdix declines were greater in
plots with lengths of ditch management than other plots. For example, grey
partridges showed decreases of 1.3 birds for each 0.08 km of ditch on pastoral
farmland. The 2,046, 1 km? lowland plots were surveyed in both 2005 and 2008
and classified as arable, pastoral or mixed farmland. Eighty-four percent of plots
included some area managed according to Entry Level Stewardship or the
Countryside Stewardship Scheme. In both survey years, two surveys were
conducted along a 2 km pre-selected transect route through each 1 km? square.

A replicated study in February 2008 across 97, 1 km? plots in East Anglia,
England (10) (part of the same study as (8,9)) found that four farmland birds
showed strong positive responses to field boundaries (hedges and ditches)
managed under agri-environment schemes. These species were blue tit Parus
(Cyanistes) caeruleus, dunnock Prunella modularis, common whitethroat Sylvia
communis and yellowhammer Emberiza citrinella. Six other species showed weak
or negative responses: Eurasian blackbird Turdus merula, song thrush T.
philomelos, Eurasian bullfinch Pyrrhula pyrrhula, long-tailed tit Aegithalos
caudatus, winter wren Troglodytes troglodytes, and Eurasian reed bunting
Emberiza schoeniclus. The boundaries were classed as either hedges, ditches or
hedges and ditches and most were managed under the Entry Level Stewardship
scheme.

A replicated study of 24 pastoral ditches in 2008 in the Netherlands (11)
found that delaying twice yearly mowing dates resulted in higher plant diversity.
The highest number of seed-setting species was recorded following mowing on 1
July and 1 September, which was 126% higher than under the conventional
regime of mowing on 1 June and 1 August. The effect of mowing date differed
between plant species. Species richness was significantly higher and biomass
significantly lower on ditches in nature reserves compared to those under long-
term agri-environment schemes (>16 years), short-term agri-environment
schemes (<6 years) and conventional management. Plots were mown twice on a
unique combination of an early (15t May, 1st June, 15t June, 1st July) and late
date (1st August, 15t August, 1st September, 15t September). Before mowing,
presence of species, target species with ripe seeds and biomass was recorded in
16 plots under different biannual mowing treatments within six randomly
selected ditches under each of the four management systems: nature reserves,
long-term agri-environment schemes, short-term agri-environment schemes and
conventional farms.

(1) de Snoo G.R. & van der Poll R.J. (1999) Effect of herbicide drift on adjacent boundary
vegetation. Agriculture, Ecosystems and Environment, 73, 1-6.
(2) Blomgqvist M.M., Tamis W.L.M., Bakker ].P. & van der Meijden E. (2006) Seed and (micro) site

limitation in ditch banks: Germination, establishment and survival under different management
regimes. Journal for Nature Conservation, 14, 16-33

76



(3) Aquilina R., Williams P., Nicolet P., Stoate C. & Bradbury R. (2007) Effect of wetting-up
ditches on emergent insect numbers. Aspects of Applied Biology, 81, 261-262.

(4) Defra (2007) Wetting up farmland for birds and other biodiversity. Defra BD1323.

(5) Manhoudt A.G.E., Visser AJ. & de Snoo G.R. (2007) Management regimes and farming
practices enhancing plant species richness on ditch banks. Agriculture, Ecosystems &
Environment, 119, 353-358.

(6) Maes J., Musters C.J.M. & Snoo G.R.d. (2008) The effect of agri-environment schemes on
amphibian diversity and abundance. Biological Conservation, 141, 635-645.

(7) Blomgqvist M.M., Tamis W.L.M. & de Snoo G.R. (2009) No improvement of plant biodiversity
in ditch banks after a decade of agri-environment schemes. Basic and Applied Ecology, 10, 368-

378.

(8) Davey C,, Vickery J., Boatman N., Chamberlain D., Parry H. & Siriwardena G. (2010) Regional
variation in the efficacy of Entry Level Stewardship in England. Agriculture Ecosystems &
Environment, 139,121-128.

(9) Davey C.M,, Vickery J.A.,, Boatman N.D., Chamberlain D.E., Parry H.R. & Siriwardena G.M.
(2010) Assessing the impact of Entry Level Stewardship on lowland farmland birds in England.
Ibis, 152, 459-474.

(10) Davey C.M,, Vickery J.A., Boatman N.D., Chamberlain D.E. & Siriwardena G.M. (2010) Entry
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seed dispersal of ditch bank plant species under different management regimes. Journal for
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2.12. Restore or maintain dry stone walls

We have captured no evidence for the effects of restoring or maintaining dry stone
walls on farmland wildlife.

Background

Dry stone walls are constructed without the use of cement or mortar, they

may provide an important habitat for plants and other farmland wildlife.

2.13. Plant new hedges

Two studies from France and the UK compared newly planted hedges with control
areas. Both (including one replicated trial) found newly planted hedges had higher
abundance, species richness or diversity of beetlesz8 or spiders® than crop fields or
field margins. The replicated study also found vascular plant species diversity and
grass species richness were higher in newly planted hedges than recently established
grass field margins. A review found newly established hedges supported more ground
beetles than older hedgess.

A small-scale study from the UK found that local hawthorn plants exhibited better
growth and were more stock proof than those of eight other provenances’. A literature
review found lower pest outbreaks in areas with new hedges®. A replicated study in the
UKS6 found that the diversity of arthropods supported by newly planted hedges varied
between seven different plant species.

An unreplicated site comparison study in Germany found that two out of 85 ground
beetle species used newly planted hedges as stepping stones for dispersall. Results
from the same study found that invertebrates that moved passively (attached to
mammals and birds), such as snails, benefited most from the hedge-islands compared
to actively moving ground beetles and harvestmen®.
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Background

Agricultural intensification, which has included increasing field size and
pesticide use, has resulted in a loss of field margin habitats, such as hedgerows.
These features can provide a relatively undisturbed habitat for wildlife in
intensively managed agricultural landscapes. Hedge planting has therefore been
investigated to determine whether it can enhance biodiversity; evidence to date
focuses mainly on invertebrates.

An unreplicated site comparison study from 1982 to 1991 in western
Germany (1) (same study as (4)) found that only two ground beetle (Carabidae)
species (out of 85 sampled) used a sequence of young hedge plantations as
stepping stones for their dispersal. Two forest or forest-edge ground beetle
species, present in nearby semi-natural habitat, gradually appeared along a
meadow and hedge strip over the nine years following hedge planting (1982 to
1990). Twenty-five ground beetle species from the semi-natural habitat showed
no tendency to use the hedge plantations as stepping stones. In 1982, nine small
hedge islands (each 400 m?) were planted at intervals along a 10 m-wide
meadow strip, attached at one end to mixed wooded and open semi-natural
habitats (woods, hedge fragments, ponds surrounded by small reeds, wet and
dry meadows), and extending 1.6 km into arable fields. Ground beetles were
sampled using six pitfall traps/section in hedge islands and meadow strips from
1982 to 1990. Semi-natural habitats and adjacent arable fields were sampled
from 1990 to 1991.

A small-scale study in 1996 in France (2) found that ground beetle
(Carabidae) diversity declined with distance from a newly planted hedge in
intensive arable farmland. Rare ground beetle species decreased and the most
abundant species Pterostichus melanarius became more dominant with distance
from the hedge. The hedge was planted in 1995 and comprised two 200 m
sections of shrubs divided by a 100 m section of mixed fodder crop (oats and
cabbages). It was separated from the adjacent barley crop by a 9 m-wide zone
planted with oats and sorghum. Ground beetles were sampled using pitfall traps
in the hedge (15 traps) and at 10-110 m from the centre of the hedge (four traps
at each of five distances). Traps were emptied every 2-4 weeks (April to mid-
October 1996). Fenced pitfall traps (12 in the hedge and three 110 m into the
crop) were used to estimate absolute densities and were emptied every day for
eight days in June 1996.

A 1999 review of literature (3) found two unpublished studies showing that
newly planted hedges supported field species of ground beetle (Carabidae). In
one study, the youngest hedge, three years old, had more ground beetles than 5-,
9- or 40-year old hedges. Another study in Germany showed that newly planted
hedges linking patches of semi-natural habitat were not used as corridors by
forest or openland ground beetle species (1).

The same unreplicated site comparison study as (1), between 1982 and
1998 (4) found marked differences in the effectiveness of the hedge-island and
meadow habitat strip as a dispersal corridor for four invertebrate taxa: ground
beetles (Carabidae), harvestmen (Opiliones), spiders (Araneae) and snails
(Gastropoda). Nine years after planting, the hedge-island and meadow strip did
not (or not yet) function well as a dispersal corridor for ground beetles or
harvestmen. Snails were the best colonizers, with the highest proportion of
species migrating to the strip, including target woodland species. The authors
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suggest that passive travel by small snails on mammals or birds may have
contributed to this. Spiders also had a high proportion of immigrating species,
but many of them were not present in the source habitat and may have passively
‘ballooned’ in from the surrounding area, rather than using the strip as a
dispersal corridor. The authors conclude that while the hedge islands appear to
be working as stepping stones for species able to travel passively, this is not true
for actively moving invertebrates, such as ground beetles or harvestmen,
perhaps because of the age, size or connectedness of hedge islands at the time of
study. In addition to the sampling regime described in (1), invertebrates were
sampled from the surrounding area in 1992-1994 and 1997-1998. Spiders,
harvestmen and ground beetles were sampled using pitfall traps and snails were
sampled by flotation (in 1984, 1987 and 1990).

A 2000 literature review (5) looked at which agricultural practices can be
altered to benefit ground beetles (Carabidae). It included one study (2), which is
outlined above, that found a greater diversity of ground beetles near newly
planted hedges. Another study (El Titi 1991), of whole farming systems, found
lower pest outbreaks in areas with new hedges on farms managed under
integrated farming.

A replicated study in 1998 and 1999 in mid-Wales (6) found that seven
species planted in two hedgerows in semi-upland farmland supported
significantly different numbers of arthropods: common gorse Ulex europaeus
(1,007 arthropods), sessile oak Quercus petraea (436), blackthorn Prunus spinosa
(381), hawthorn Crataegus monogyna (258), silver birch Betula pendula (180),
rowan Sorbus aucuparia (110) and ling heather Calluna vulgaris (53). Sessile oak
was the most diverse in terms of arthropod orders, with 13 out of 15 orders
recorded, two of which were not found on any other host. Hawthorn and
common gorse were the next most diverse, each with one unique arthropod
order. Common gorse, sessile oak, blackthorn and rowan between them had
representatives of all 27 families of beetles (Coleoptera), true bugs (Hemiptera)
and moths and butterflies (Lepidoptera) recorded in the study. All planted
species had a similar or better growth rate than the commonly planted
hawthorn, apart from sessile oak and ling heather. Planting was undertaken in
1996 within the fenced (2 m-wide) margins of two fields. Margins were divided
into eight 6 m plots, which were planted with a double row of 30-40 plants of
each species, replicated across three blocks. Invertebrates were sampled by tree
beating at five points/plot in June, August and September (1998-1999).

A randomized, replicated small-scale study from 1995 to 1997 in mid-Wales
(7) found that hawthorn Crataegus monogyna plants, propagated from seeds
sourced from a local hawthorn population (local provenance), exhibited better
growth and had a more stock proof growth form than those of eight other
provenances. Local plants had the latest bud-burst, least severe mildew
symptoms and more thorns compared to those of other provenances (four
British, four continental European). Hawthorn of local provenance grew tallest at
the upland site, but was relatively slow-growing at the lowland site. In terms of
establishment, fenced plots had lower hawthorn mortality than unfenced, sheep-
grazed plots (4% vs 100% mortality respectively) at the upland site. Mortality
was low at the lowland site (fenced: 1%, unfenced: 3%). Fenced plots with
mulching had approximately 320% greater growth than unmulched sections.
One experimental hedge was established at one upland and one lowland site,
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both sites were grazed by sheep. The two hedges had three replicate blocks of
four 10 m strips that were either fenced, mulched or fenced and mulched. Within
each strip, nine plants of each provenance were planted in a random order in
1995. Each plant was measured (February 1995-1997), scored for powdery
mildew Podosphaera clandestina (July and August) and the date of bud burst was
recorded (1995-1996).

A replicated study in winter 2002 in Oxfordshire, UK (8) found that the total
abundance, species richness and diversity of beetles (Coleoptera) and spiders
(Araneae), as well as abundance and species richness of rove beetles
(Staphylinidae) was higher in hedge bases than in field margins, but there was no
difference between recently planted (2-5 years old) and mature hedgerows (40-
60 years old). Grass cover was lower, but the number of grass species higher, in
the bases of recently established hedgerows compared with recently sown grass
margins (3-4 years old). The diversity of vascular plant species was greater in
recently established and mature hedgerows, as well as mature field margins (ca.
50 years old) compared with recently sown grass margins. The bases of recently
planted hedgerows had fewer vascular plant species and lower cover of tall
perennial wild flowers and mosses compared with mature field margins. Five
geographically separate replicates of each of the four habitats were sampled for
beetles and spiders in February 2002 by taking 12 soil core samples in a 70 m-
long sampling section. Percentage cover of vascular plant species, moss and bare
ground was estimated, and biomass (dry matter) and organic carbon content
were measured.

(1) Gruttke H. (1994) Dispersal of carabid species along a linear sequence of young hedge
plantations. Pages 299-303 in: K. Desender, M. Dufrene, M. Loreau, M. L. Luff & J. P. Maelfait (eds.)
Carabid Beetles: Ecology and Evolution, Kluwer Academic Publishers, the Netherlands.

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

(3) Kromp B. (1999) Carabid beetles in sustainable agriculture: a review on pest control efficacy,
cultivation impacts and enhancement. Agriculture, Ecosystems & Environment, 74, 187-228.

(4) Gruttke H. & Willecke S. (2000) Effectiveness of a newly created habitat strip as dispersal
corridor for invertebrates in an agricultural landscape. Proceedings of the Environmental
Encounters Series: Workshop on ecological corridors for invertebrates: strategies of dispersal and
recolonisation in today's agricultural and forestry landscapes. Neuchatel, May 2000, 45, pp 67-80.
(5) Holland J.M. & Luff M.L. (2000) The effects of agricultural practices on Carabidae in
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2.14. Protect in-field trees (includes management such as
pollarding and surgery)

e We have captured no evidence for the effects of protecting in-field trees on farmland
wildlife.

Background
This intervention may involve managing in-field trees, using techniques such
as pollarding, or tree surgery.

2.15. Plant in-field trees (not farm woodland)

e We have captured no evidence for the effects of planting in-field trees on farmland
wildlife.

Background
This intervention may involve planting trees within fields, it does not
involve planting farm woodland.

2.16. Maintain in-field elements such as field islands and
rockpiles

e We have captured no evidence for the effects of maintaining in-field elements such as
field islands and rockpiles on farmland wildlife.

Background

This intervention may involve maintaining in-field features, such as field
islands which can include small patches of woodland or grass, and within field
rockpiles.

2.17. Manage woodland edges to benefit wildlife

e We have captured no evidence for the effects of managing woodland edges to benefit
wildlife on farmland wildlife.

Background
This intervention may involve managing woodland edges on farmland to
enhance biodiversity.

2.18. Plant wild bird seed or cover mixture

e Thirty individual studies investigated the effects on birds of sowing wild bird seed or
cover mix, 21 studies found positive effects. Fourteen studies from the UK (including
one systematic review and nine replicated controlled trials of which four randomized,
and three reviews) found that fields sown with wild bird cover mix had higher
abundance10,13,19—21,25,27,28,35,38, denSityll,lB,21,22,30,32,36,39, Species diversitle,ZO,Zl and
species richness22.27.28 of hirds than other farmland habitats. Six studies from the UK
(including one review and two replicated studies) found that birds showed a preference
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for wild bird cover3340 and used it significantly more than other habitats!4.948, One
review found the grey partridge population increased substantially on farms where
conservation measures including cover crops were in place3. Nine replicated studies
from France and the UK reported mixed or negative effects of wild bird cover on birds
compared to other farmland habitats?21417.23.2941-46 " Six studies found that mixtures
including kale1113.18 or a mixture of kale and/or other species®2127 attracted the largest
number of bird species or highest bird abundance?2.

e Twelve studies from the UK looked at the effects of wild bird cover strips on
invertebrates. Seven studies from the UK (including one review and four replicated
controlled studies of which two were also randomized) found positive effects. Farmland
habitats sown with wild bird cover mix were used more by butterflies4, and had a higher
abundance or species richness of butterflies and/or bees28:29.31353749 than other
farmland habitats. One review found wild bird cover benefited invertebrates?6. Four
studies (including one review and two replicated trials) reported mixed or negative
effects of wild bird cover on invertebrate numbers compared with other farmland
habitats26-83%, One study found that bees and butterflies showed preferences for
particular plant species3447.

e Eight studies from the UK looked at plants and wild bird cover. Six studies (including
two reviews and two replicated controlled trials) found that planting wild bird cover mix
was one of the three best options for conservation of annual herbaceous plant
communities?6, benefited plantsé26 and resulted in increased plant diversity3! and
species richness?829.35, However two replicated studies (of which one a site
comparison) found mixed/negative effects for plant species richness224,

e One replicated trial from the UK found that small mammal activity was higher in wild
bird cover than in the crop in winter but not in summer2s,

Background

The loss of food supplies, especially seeds, is thought to be a key driver of
farmland bird declines. Plants that provide seed food and cover for wild birds
include maize, sunflower and cereals. Wild bird cover crops are often planted in
blocks or 6 m-wide strips and left unharvested. These are sometimes called
‘game crops’ or ‘game cover crops’. They may also provide benefits for other
farmland wildlife.

A study of habitat use by yellowhammers Emberiza citrinella in 1993, 1995
and 1997 on a mixed farm in Leicestershire, UK (1) found that in summer,
yellowhammers used both cropped and uncropped habitats, including wild bird
cover, and in winter wild bird cover was used more than all other habitats
relative to its availability. In summer, wild bird cover strips (8 m wide) were
used significantly more than wheat or field boundaries (2 m-wide), but less than
barley. In winter, cereal-based wild bird cover was used significantly more than
all other habitats and kale-based Brassica spp. bird cover was used significantly
more than cereal and rape crops. A 15% area of the arable land was managed for
game birds. Yellowhammer nests were observed for 1.5-2 hours when nestlings
were 4-10 days old and 5-15 foraging trips per nest were plotted in May-June
1993 and 1995. A 60 ha area of the farm was also walked seven times in
November-December and February-March 1997 and habitat use was recorded.

A replicated trial from 1995 to 1998 in Hampshire, UK (2) recorded fewer
flowering plant species, bee (Apidae), fly (Diptera) and butterfly (Lepidoptera)
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species on a single field margin strip sown with wild bird cover seed mix
established for three years compared to three strips sown with a diverse
wildflower seed mix. There were 20 flowering plant species, eight bee (Apidae),
three fly (Diptera) and three butterfly (Lepidoptera) species on the single field
margin strip sown with wild bird cover seed mix established for three years in
1998, and 24, nine, seven and eight plant, bee, butterfly and fly species
respectively on three wildflower seed mix strips in the same study. The wild bird
mix strip had more plant species but fewer bee, fly and butterfly species than a
single naturally regenerated field margin strip (16, nine, four and six plant, bee,
butterfly and fly species respectively on the naturally regenerated strip). The
field margins were established or sown in 1995. Numbers of inflorescences or
flowers and flower-visiting bees, wasps (Hymenoptera), flies and butterflies
were counted on a 200 x 2 m transect in each strip, once a month from May to
August 1998.

A 2000 literature review from the UK (3) found that populations of grey
partridge Perdix perdix were 600% higher on farms where conservation
measures aimed at partridges were in place, compared to farms without these
measures (Aebischer 1997). Measures included the provision of conservation
headlands, planting cover crops, using set-aside and creating beetle banks.

A small study of set-aside strips from 1995 to 1999 at Loddington,
Leicestershire, UK (4) found that set-aside sown with wild bird cover was used
by nesting Eurasian skylark Alauda arvensis and butterflies (Lepidoptera)
significantly more than other habitats. The majority of skylark territories found
were within set-aside strips (margins or midfield) sown with wild bird cover
(1995: 76%, 1996: 65%, 1997: 71%, 1999: 55%), although the habitat covered
only 8-10% of the area. The habitat was also used more for foraging than all
habitats, except linseed Linum usitatissimum. Transects along wild bird cover set-
aside strips also had more butterfly records than any other habitat in 1997 and
1998 (28-40% vs 1-18%). Wild bird cover was sown with either cereal-based or
kale-based Brassica spp. mixtures. Skylark territories were recorded in 1995-
1997 and 1999 and nests were located in 1999 and foraging trips observed for
two 1.5 hour periods. Two butterfly transects were walked weekly from April-
September.

A replicated, randomized study from 1998 to 2000 of annual and biennial
crops in Norfolk, Hertfordshire and Leicestershire, UK (5) found that bird species
tended to use a variety of crops. Yellowhammers Emberiza citrinella used mainly
cereals. Greenfinch Carduelis chloris tended to use borage Borago officinalis,
sunflowers Helianthus spp. and mustard Brassica juncea. Crops used by several
bird species included kale Brassica oleracea, quinoa Chenopodium quinoa, fat hen
Chenopodium album and linseed Linum usitatissimum. Buckwheat Fagopyron
esculentum was used a small amount and, apart from greenfinch, few others used
sunflower or borage. Crops were sown in a randomized block design with three
replicates at each of the three farms. Plots were 20 or 50 m x either 12 or 16 m.
Numbers of birds feeding in, or flushed from, each plot were recorded before
11:00 at weekly intervals from October-March 1998-2000.

A review (6) of two reports (Wilson et al. 2000, ADAS 2001) evaluating the
effects of the Pilot Arable Stewardship Scheme in two regions in the UK (East
Anglia and the West Midlands) from 1998 to 2001 found that ‘wildlife seed mix’
benefited plants, bumblebees Bombus spp. bugs (Hemiptera) and sawflies
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(Symphyta), but not ground beetles (Carabidae). The wildlife seed mix option
could be wild bird seed mix or nectar and pollen mix for pollinators, and the
review does not distinguish between these mixes. The effects of the pilot scheme
on plants, invertebrates and birds were monitored over three years, relative to
control areas, or control farms. Only plants and invertebrates were measured
within individual options. Wildlife seed mix was the least widely implemented
option, with total areas of 106 and 152 ha in East Anglia and the West Midlands
respectively.

A replicated study in June 2000 in ten edge habitats on an arable farm in
Leicestershire, England (7) found that first-year wild bird cover had the highest
density (not significant) of caterpillars (Lepidoptera). Weevil (Curculionidae)
densities were similar in first- and second-year wild bird cover but lower than in
edges of non-rotational set-aside. Spider (Araneae) and rove beetle
(Staphylinidae) densities were lower in wild bird cover than in ungrazed pasture
edges. Type of neighbouring crop did not affect invertebrate densities in the
different habitats. Apart from the four habitats mentioned above, beetle banks,
brood cover, hedge bottoms, sheep-grazed pasture edges, grass/wire fence lines
and winter wheat headlands were included in the study. Invertebrates were
sampled with a vacuum suction sampler in June 2000. This study was part of the
same experimental set-up as (8,9).

A replicated study from 1995 to 1999 of arable habitats on a farm in
Leicestershire, UK (8) found that the abundance of some invertebrate groups
was higher in non-crop strips (wild bird cover or grass beetle banks), whereas
other groups were more abundant in crops. Four invertebrate groups tended to
have significantly higher densities in non-crop strips than crops in all years:
spiders (Araneae) 7 vs 1-5 individuals/sample, true bugs (Homoptera) 29 vs 1-
4, typical bugs (Heteroptera) 10-58 vs 0-9, and key ‘chick food insects’ 65 vs 2-
10. In three of the years, true weevils (Curculionidae) were found at significantly
higher densities in non-crop strips and beans (0-11) than other crops (0-2). In
contrast, in three or four of the years, densities in crops were significantly higher
than non-crops for true flies (Diptera) 20-230 vs 25-100 individuals and aphids
(Aphididae). Moth and butterfly larvae (Lepidoptera) and ground beetles
(Carabidae) differed significantly in only one or two years, when density was
higher in crops than non-crops. Total beetles (Coleoptera) varied between years
and habitats. Sawfly larvae (Symphyta), leaf beetles (Chrysomelidae) and soldier
beetles (Cantharidae) showed no significant differences. Wild bird cover was
sown as 2-5 m-wide strips along field boundaries and re-sown every few years
with a cereal or kale-based Brassica spp. mixture. Grass strips (1 m-wide) were
sown onto a raised bank along edges or across the centre of fields. Invertebrates
were sampled each year in the centre of 5-11 grass/wild bird cover strips and 3
m into 3-4 pasture, 8-12 wheat, 6-8 barley, 3-6 oilseed rape and four field bean
fields. Two samples of 0.5 m? were taken in each habitat using a D-Vac suction
sampler in June 1995-1999. This study was part of the same experimental set-up
as (7,9).

A study of different set-aside crops on a farm in Leicestershire, UK (9), found
that Eurasian skylark Alauda arvensis and yellowhammer Emberiza citrinella
used wild bird cover set-aside (kale Brassica napus set-aside, cereal set-aside,
annual/biennial crop strips) more than expected compared to availability.
Skylarks also used wild bird cover more than unmanaged set-aside, broad-leaved
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crops and other habitats. Yellowhammer used wild bird cover strips more than
expected. Cereal set-aside wild bird cover was used significantly more than
beetle banks, kale set-aside wild bird cover, unmanaged set-aside and other
habitats. Wild bird cover strips were used significantly more than kale set-aside,
unmanaged set-aside and other habitats. Field margin and midfield set-aside
strips were sown with kale-based and cereal-based mixtures for wild bird cover
and beetle banks. Other habitat types were: unmanaged set-aside, cereal (wheat,
barley), broad-leaved crop (beans, rape) and other habitats. Thirteen skylark and
15 yellowhammer nests with chicks between 3-10 days old were observed.
Foraging habitat used by the adults was recorded for 90 minutes during three
periods of the day. This study was part of the same experimental set-up as (7,8).

A small replicated controlled study from May-June 1992-1998 in
Leicestershire, UK (10) found that the abundance of nationally declining
songbirds and species of conservation concern significantly increased on a 3 km?
site where 20 m-wide mid-field and field-edge strips were planted with game
cover crops (alongside several other interventions). However, there was no
overall difference in bird abundance, species richness or diversity between the
experimental and three control sites. Numbers of nationally declining species
rose by 102% (except for Eurasian skylark Alauda arvensis and yellowhammer
Emberiza citrinella). Nationally stable species rose (insignificantly) by 47%
(eight species increased, four decreased). The other interventions employed at
the same site were managing hedges, beetle banks, supplementary feeding,
predator control and reducing chemical inputs generally.

A replicated, randomized, controlled study over the winters of 1998-2001
on 161 arable farms across England (11) (same study as (18)) found that, overall,
all bird species analysed exhibited higher densities on wild bird cover crops than
on conventional crops except Eurasian skylark Alauda arvensis, which preferred
cereal stubbles. Although all species showed non-random and different wild bird
cover crop preferences, kale Brassica spp. was preferred by the greatest number
of species. Additionally, bird abundance was significantly greater on wild bird
cover crops located adjacent to hedgerows than those located midfield. Ten
annual crops and four biennial crops were planted each year at each of 192 sites
with 3 replicates/crop. At 11 and 13 sites in 1999-2000 and 2000-2001
respectively, strips containing the same crop were grown in pairs, one against a
hedgerow and one infield, to determine location preference.

A replicated site comparison study of 88 farms in East Anglia and the West
Midlands, UK (12) found that between 1998 and 2002 there was no difference in
the decrease in autumn densities of grey partridge Perdix perdix on farms that
planted wild bird cover mixtures and farms that did not. Surveys for grey
partridge were made once each autumn in 1998 and 2002 on 88 farms: 38 farms
that planted wild bird cover and 50 farms that did not.

A replicated, controlled study over the winters of 1997-1998, 1998-1999
and 2000-2001 on one arable, autumn-sown crop farm in County Durham,
England (13) found that farmland bird abundance was significantly higher in
wild bird cover crops than commercial crops (420 birds/km? in wild bird cover
vs 30-40/km?2 for commercial crops). Of 11 species with sufficient data for
analysis, all species-year combinations exhibited significant preferences for wild
bird cover crops. Of the wild bird cover crops, kale Brassica napus crops were
preferred by nine species and quinoa Chenopodium quinoa crops by six species;
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cereals and linseed Linum usitatissimum were also used. The wild bird cover
crops were planted in c. 20 m-wide strips along one edge of arable wheat, barley
or oilseed rape fields. There were approximately 15 experimental and 15 control
fields. Bird counts were conducted twice monthly from October-March in 1997-
1998 and three times per month from October-December as well as twice
monthly from January-March in 1998-1999 and 2000-2001.

A replicated, controlled, before-and-after study from 1998 to 2003 (three
years habitat manipulation and three years monitoring) in four cereal farms (12-
20 km?2) in the Beauce, Grande Beauce and Champagne Berrichonne regions,
France (14) found that grey partridge Perdix perdix populations were unaffected
by cover strips. Neither breeding density nor the reproductive success of
breeding pairs increased in managed compared to control areas. The survival
rate was significantly lower in managed areas for all winters except for one
winter in one site. Observations suggested that cover strips attracted predators,
such as foxes Vulpes vulpes and hen harriers Circus cyaneus, causing the managed
land to become ‘ecological traps’. Cover strips (500-1,000 ha/farm) were either
set-asides or, typically, a maize-sorghum mixture. Partridges were surveyed in
March and mid-December to early-January to assess overwinter mortality, and in
August to assess reproductive success.

A 2004 review of experiments on the effects of agri-environment measures
on livestock farms in the UK (15) found that in one experiment in southwest
England (the Potential to Enhance Biodiversity in Intensive Livestock farms
(PEBIL) project, also reported in (25)), birds preferred grass margins sown with
plants providing seed food and cover, over plots of grassland subject to various
management treatments. The review assessed results from seven experiments
(some incomplete at the time of the review) in the UK and Europe.

A replicated study in the summers of 1999-2000 comparing ten different
conservation measures on arable farms in the UK (16) found that wildlife seed
mixtures (site-specific mixture, but largely planted for birds) appeared to be one
of the three best options for the conservation of annual herbaceous plant
communities. Uncropped cultivated margins and no-fertilizer conservation
headlands were the other two options. The average numbers of plant species in
different conservation habitats were wildlife seed mixtures 6.7, uncropped
cultivated margins 6.3, undersown cereals 5.9, naturally regenerated grass
margins 5.5, no-fertilizer conservation headlands 4.8, spring fallows 4.5, sown
grass margins 4.4, overwinter stubbles 4.2, conservation headlands 3.5, grass
leys 3.1. Plant species richness was highest in wildlife seed mixtures due to the
range of sown species and a high number of annual arable species. Plants were
surveyed on a total of 294 conservation measure sites (each a single field, block
of field or field margin strip), on 37 farms in East Anglia (dominated by arable
farming) and 38 farms in the West Midlands (dominated by more mixed
farming). The ten habitats were created according to agri-environment scheme
guidelines. Vegetation was surveyed once in each site in June-August in 1999 or
2000 in thirty 0.25 m? quadrats randomly placed in 50-100 m randomly located
sampling zones in each habitat site. All vascular plant species rooted in each
quadrat, bare ground, or litter and plant cover were recorded.

A replicated, randomized study from November 2003 to March 2004 in 205
cereal stubble fields in arable farmland in south Devon, UK (17) found no clear
changes in habitat use by seed-eating birds after the establishment of wild bird
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cover crops on some stubble fields. The target species, cirl bunting Emberiza
cirlus, made insignificant use of wild bird cover crops (average of 2
individuals/plot). Only two plots contained more than five individuals and use of
the habitat dropped drastically in March, which the authors suggest makes the
habitat a poor alternative to stubbles. High numbers of other seed-eating species
including chaffinch Fringilla coelebs and yellowhammer Emberiza citrinella were
recorded on the wild bird cover crops, especially those containing a mixture of
rape, millet, linseed Linum usitatissimum, kale Brassica spp. and quinoa
Chenopodium quinoa (maximum seed-eating bird count 491 on wild bird cover vs
191 on barley fields). Only song thrush Turdus philomelos abundance was
significantly positively related to wild bird cover presence. However, few stubble
fields contained wild bird cover crops (13 fields with 24 wild bird cover strips)
and the results may have been confounded by low sample size.

A replicated, randomized, controlled study over the winters of 1998-2001 in
192 plots of arable fields in lowland England (18) (same study as (11)) found
significantly higher density and diversity of farmland birds on wild bird cover
crops than conventional crops. Although there were no significant differences
between wild bird covers containing a single plant species and conventional
crops, bird density was 50 times higher on ‘preferred’ wild bird covers. Kale
Brassica oleracae viridus-dominated wild bird covers supported the widest range
of bird species (especially insectivores and seed-eaters), quinoa Chenopodium
quinoa-dominated wild bird covers were mainly used by finches and tree
sparrows Passer montanus and (unharvested) seeding cereals were mainly used
by buntings. Sunflowers Helianthus spp., phacelia Phacelia spp. and buckwheat
Fagopyron esculentum were the least preferred wild bird covers. All species,
except Eurasian skylark Alauda arvensis, corn bunting Miliaria calandra and rook
Corvus frugilegus, were significantly denser on wild bird cover. The differences
between wild bird covers were more marked in late-winter as kale and quinoa
Chenopodium quinoa retained seeds for longer periods. Within each plot, one
wild bird cover and up to four conventional crops were surveyed at least once.

A replicated, randomized, controlled study from June-September 2001-2002
of 21 cereal farms in eastern Scotland (19) found that farmland birds were
significantly more abundant on fields containing wild bird cover crops than on
fields with conventional crops. A total of 25 species were recorded, with up to 80
times more birds seen in wild bird cover than conventional crops. Over all
month-crop combinations bird density was significantly higher on wild bird
cover crops for all groups except finches in July. Bird density increased steadily
over all months of the study on wild bird cover crops, but remained relatively
constant on conventional crops. Wild bird cover crops contained up to 90% more
weed species, and 280% more important bird-food weeds, than conventional
crops. The wild bird cover crops were composed mainly of kale Brassica spp.,
quinoa Chenopodium quinoa and triticale Triticosecale spp. and were sown in 20
x 650 m strips. A random sample of 4.9 ha of conventional crops was made on
each farm.

A replicated, randomized, controlled study from November-February in
2000-2001 and 2001-2002 on 20 arable farms in eastern Scotland (20) found
that farmland bird abundance and diversity were significantly higher in fields
containing wild bird cover crops (0.6-4.2 ha sampled annually) than fields with
set-aside, fields with overwinter stubble or fields with conventional crops. Bird
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density was up to 100 times higher/ha in wild bird cover crops than on control
fields. Wild bird cover crops attracted 50% more species than set-aside and
stubble fields and 91% more than conventional fields. Of eight species with
sufficient data for individual analysis, seven were consistently significantly more
abundant in wild bird cover than in control crops. However, Eurasian skylarks
Alauda arvensis were significantly more abundant in set-aside and stubble fields.
The authors point out that many of the species that favour wild bird cover crops
are those currently causing concern because of their declining populations.

A review of the results of four projects conducted from 1998 to 2004 on wild
bird cover crops planted in arable farms in England (21) found that the density
and diversity of bird species increased significantly when wild bird cover crops
were included in the farm. Four studies reported greater use of wild bird cover
crops than of commercial crops during winter (October-March). One study
reported an increase in bird abundance when wild bird cover crops were
introduced into areas that previously lacked them. Kale Brassica napus and
quinoa Chenopodium quinoa were used by the most species. Buckwheat
Fagopyron esculentum was rarely used by species in any of the studies. Millet was
used by more species than any other cereal. Three other studies also found that
the location of wild bird covers within the whole-farm configuration had an
effect on bird densities. Wild bird covers located close to hedges were favoured.
Four studies found that a mixture of wild bird cover crops will produce the
highest bird density and diversity.

A replicated, controlled, paired sites study over winter 1997-1998 and
summer 1999-2000 in arable farmlands in southern England and the Scottish
lowlands (22) found that songbird density and species richness were higher in
wild bird cover crops in both seasons. In total, more species were recorded in
wild bird cover winter crops than control plots (26 vs 10 species). Similarly,
summer wild bird cover crops contained more species than control plots (14 vs
10 species). Songbird abundance was significantly higher on wild bird cover
winter (10-50 individuals/ha vs 1) and summer (3 individuals/ha vs 0.4) crops.
There was a significantly higher abundance of declining songbird species in the
kale Brassica oleracea and quinoa Chenopodium quinoa, but not cereal wild bird
cover crops. Winter wild bird cover plots were sown with kale, quinoa or cereal,
while summer wild bird cover plots were predominantly triticale. Thirty
experimental and 30 control plots were used in winter, with six experimental
and six control plots in summer.

A replicated study in 1999 and 2003 on 256 arable and pastoral fields across
84 farms in East Anglia and the West Midlands, England (23), found that only two
of twelve farmland bird species analysed were positively associated with the
provision of wildlife seed mixtures, overwinter stubble or set aside. These were
Eurasian skylark Alauda arvensis (a field-nesting species) and Eurasian linnet
Carduelis cannabina (a boundary-nesting species). The study did not distinguish
between set-aside, wildlife seed mixtures or overwinter stubble, classing all as
interventions to provide seeds for farmland birds.

A replicated site comparison study in 1999 and 2003 in the UK (24) found
that 33 field margins sown with a locally specific ‘wildlife seed mixture’ had
greater numbers of perennial plants and pernicious weeds after four years, but
the total number of plant species did not increase (7-8 plant species/margin).
This option was not considered the best option for the conservation of arable
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plants. The most commonly sown plant species were brassicas (sown at 14
sites). Cereals, maize Zea mays, buckwheat Fagopyron esculentum, borage Borago
officinalis, grasses, legumes, teasel Dipsacus fullonum and phacelia Phacelia
tanacetifolia were also sown at some sites. Plants were surveyed in thirty 0.025
m?2 quadrats within a 100 m sampling zone. Percentage cover and plant species
were recorded.

A randomized, replicated, controlled trial from 2003 to 2006 in southwest
England (25) found that plots of permanent pasture sown with a wild bird seed
mix attracted more foraging songbirds (dunnock Prunella modularis, wren
Troglodytes troglodytes, European robin Erithacus rubecula, seed-eating finches
(Fringillidae) and buntings (Emberizidae)) than 12 control plots, managed as
silage (cut twice in May and July, and grazed in autumn/winter). Dunnocks, but
not chaffinches Fringella coelebs or blackbirds Turdus merula, nested in
hedgerows next to the sown plots more than expected, with 2.5 nests/km
compared to less than 0.5 nests/km in hedges next to experimental grass plots.
Twelve experimental plots (50 x 10 m) were sown on four farms with a mix of
crops including linseed Linum usitatissimum and legumes. There were twelve
replicates of each management type, monitored over four years. This study was
part of the same experimental set-up as (27,37,46).

A 2007 review of published and unpublished literature (26) found
experimental evidence of benefits of wild bird seed or cover mix to plants (one
study (16)) and invertebrates (true bugs (Hemiptera) (Gardner et al. 2001) and
bumblebees Bombus spp. (Allen et al. 2001)).

A randomized, replicated, controlled trial from 2003 to 2006 in southwest
England (27) found that plots of permanent pasture sown with a mix of crops
including linseed Linum usitatissimum and legumes attracted more birds, and
more bird species, than control treatments, in both summer and winter. Three
plots (50 x 10 m) were established on each of four farms in 2002 re-sown in new
plots each year and monitored annually from 2003 to 2006. Legumes sown
included white clover Trifolium repens, red clover T. pratense, common vetch
Vicia sativa and bird’s-foot trefoil Lotus corniculatus. There were twelve
replicates of each treatment. This study was part of the same experimental set-
up as (25,37,46).

A replicated, controlled trial in 2005-2006 in Warwickshire, UK (28) found
that field corners or margins sown with a wild bird seed mix had more birds and
bird species in winter than all other treatments, and more plant species,
bumblebees Bombus spp. and butterflies (Lepidoptera) (individuals and species)
than control plots sown with winter oats. Fifty-five birds/plot from four species
on average were recorded on the wild bird seed plots compared to 0.1-1
bird/plot and 0.1-0.7 species on average on control crop plots, plots sown with
wildflower seed mix and plots left to naturally regenerate. There were 11 plant
species/m?2, 25 bumblebees and four bumblebee species/plot, 25 butterflies and
six butterfly species/plot on wild bird seed plots, compared to two plant
species/m2, no bumblebees, one butterfly and 0.9 butterfly species/plot in
control cereal crop plots. Each treatment was tested in one section of margin and
one corner in each of four fields. The wild bird seed mix (five species) was sown
in April 2006 and fertilized in late May 2006. The crop (oats) was sown in
October 2005. Plants were monitored in three 1 m? quadrats/plot in July 2006.
Butterflies, bumblebees and flowering plants were recorded on a 6 m-wide
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transect five times between July and September 2006. Farmland birds were
counted on each plot on seven counts between December 2006 and March 2007.
The second monitoring year of the same study is presented in (35).

A replicated trial in 2004 and 2005 on four farms in England (29) found that
plants, insects, mammals and birds all used sown wild bird seed mix plots more
than wheat crop at some times of year. The number of flowers and flowering
species, the abundance and number of species of butterflies (Lepidoptera) and
the number of bumblebee species Bombus spp., were all higher in the wild bird
mix than in the crop. Small mammal activity was higher in the wild bird mix in
winter (around 25 mammals/100 trap nights in wild bird mix, compared to
around 8 in the crop), and higher in the crop in summer (around 10 mammals
caught in the crop, compared to less than one on average in the wild bird mix).
The number of birds and bird species were higher in the wild bird mix than the
crop in December and January (around 100 birds of over three species per count
on average in the wild bird mix, compared to less than 10 birds or <1 species in
the crop), but not in February and March. Eurasian linnet Acanthis cannabina (at
three sites) and reed bunting Emberiza schoeniclus (at one site) were the most
abundant bird species recorded in the wild bird mix. A seed mix containing white
millet Echinochloa esculenta, linseed Linum usitatissimum, radish Raphanus
sativus and quinoa Chenopodium quinoa was sown in a 150 x 30 m patch in the
centre of an arable field (winter wheat) on each of four farms in Cambridgeshire,
Bedfordshire, Oxfordshire and Buckinghamshire, in April 2004 and 2005. Plants,
bees and butterflies were counted in summer 2005. Small mammals were
trapped in November-December 2005 and May-June 2005. Birds were counted
once a month between December 2004 and March 2005.

A 2007 systematic review identified five papers investigating the effect of
winter bird cover on farmland bird densities in the UK (30). There were
significantly higher densities of farmland birds in winter on fields with winter
bird cover than on adjacent conventionally managed fields. The meta-analysis
included experiments conducted between 1998 and 2001 from two controlled
trials and one randomized control trial.

A replicated, controlled, randomized study on 28 arable farms in East Anglia
and southern England (31) found that as the area sown with cover crops
increased, plant diversity in both regions, numbers of butterflies (Lepidoptera)
in East Anglia and bees (Apidae) in southern England increased. Results also
suggested that cover crops sown in strips have greater butterfly diversity than
those sown in blocks, this did not appear to be the case for bees, but numbers
recorded were low in the wet cool summer. One of six treatments was randomly
allocated to each farm (two replicates per region): 1.5 ha or 6 ha of project-
managed uncropped land in either strips or blocks, or 1.5 ha or 6 ha of farm-
managed uncropped land. Two organic farms were also selected per region.
Uncropped land was split into four equal areas comprising a floristically-
enhanced grass mix, a plant mix to provide summer cover and foraging (e.g.
mustard, legume, cereal mixture), a mix to provide winter cover and foraging
(e.g. cereal/kale Brassica spp./quinoa Chenopodium quinoa mixture) and annual
cultivation to encourage annual arable plants. Plants (April and June) and insects
were assessed within and at the edge of three fields (cereal crop, non-cereal crop
and uncropped field in 2006-2009). Butterfly, bee and hoverfly (Syrphidae)
diversity and abundance were recorded during transect walks in July.
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A replicated, randomized, controlled study in September, November,
December and February in 2004-2005 in seven grassland farms (87-96% grass)
in western Scotland (32) found that songbirds responded significantly more
positively to wild bird cover crops in grassland compared to arable regions.
Average songbird densities were two orders of magnitude greater in wild bird
cover crops than conventional crops (average 51 birds/ha vs 0.2). The average
density of songbirds in wild bird cover in the grassland region was more than
double that in wild bird cover in the arable region at the same time of year
(average 61 and 29 birds/ha respectively). Average bird densities in grassland
conventional crops were just 14% of that in the arable region. On each site, an
average of 1.2 ha of wild bird cover and 10.3 ha of conventional crops was
randomly sampled. Arable farm data from a previous study was used for
comparison.

A replicated experiment in northeast Scotland over three winters 2002-
2005 (33), found that unharvested seed-bearing crops were most frequently
selected by birds (28% of all birds despite these patches occupying less than 5%
of the area surveyed). For nine species, seed-bearing crops were used more than
expected (based on available crop area) in at least one winter. Outside agri-
environment schemes (the Rural Stewardship Scheme and Farmland Bird
Lifeline), cereal stubble was the most selected habitat. In total, 53 lowland farms
(23 in Rural Stewardship Scheme, 14 in Farmland Bird Lifeline, and 16 not in a
scheme) were assessed. Over 36,000 birds of 10 species were recorded.

A randomized, replicated study in 2006 and 2007 in Warwickshire, UK (34)
(same study as (47)) found that butterflies (Lepidoptera) and bumblebees
Bombus spp. displayed different preferences for 13 annual and perennial plant
species, 10 of which were typical components of wild bird seed mixtures. In
2006, more butterflies were found in plots sown with lucerne Medicago sativa
(6.3 butterflies/plot) than plots sown with borage Borago officinalis (0.3),
chicory Cichorium intybus (0.8) and sainfoin Onobrychis viciifolia (0.8). More
butterfly species were found in lucerne plots (3.5 species/plot) than in borage,
chicory, sainfoin and fodder radish Raphanus sativus (0.3-0.5). In 2007, red
clover Trifolium pratense plots had the largest number of butterflies, significantly
more than chicory (3.3 vs 0.0 butterflies/plot), whilst all other plant species
ranged between 0.3-2.3. In both years, bumblebees were most abundant in
phacelia Phacelia tanacetifolia plots (134 and 38.5 bumblebees/plot in 2006 and
2007), followed by borage (100 and 32). Crimson clover T. incarnatum and
sunflower Helianthus annuus (37 and 26 respectively) had more bumblebees
than other plant species (0-6) in 2006. Red clover plots had more bumblebees
(21) than buckwheat Fagopyrum esculentum, chicory, linseed Linum
usitatissimum, lucerne, mustard Brassica juncea or sweet clover Melilotus
officinalis in 2007. The number of bumblebee species recorded in crimson clover,
phacelia, borage and sunflower was significantly higher than all other plant
species (2.8-4.0 vs 0-1.3 species/plot) in 2006. In 2007, red clover in addition to
the four species from 2006 had significantly more bumblebee species than
mustard (3.0-3.3 vs 0.5 species/plot). Short-tongued bees showed a significant
preference for phacelia and borage compared with all other treatments in both
years. Long-tongued bees showed a significant preference for crimson clover
over all other species apart from borage and phacelia in 2006, and red clover in
2007 (although they also showed a strong preference for crimson clover and
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sainfoin in 2007). Peak flowering of many important bee forage species was in
late July, including phacelia, borage, red clover and sweet clover. Thirteen
species were sown in single species stands in 6 x 4 m plots with four replicates in
May 2006. Annual species were re-established in the same plots in May 2007.
Abundance and diversity of butterflies and bumblebees were recorded on
transects in each plot six times between July and September 2006 and May and
September 2007. On each visit the percentage cover of flowers of all dicot
species/plot was estimated.

The second monitoring year of the same study as (28), in the UK (35) found
that wild bird seed mix plots had more birds in winter (86 birds/plot, of six
species on average) than control cereal plots, plots sown with wildflower seed
mix or plots left to naturally regenerate (2 birds/plot or less, and 0.4-1.6
species/plot on average). Wild bird seed plots also had more bumblebee Bombus
spp. and butterfly (Lepidoptera) individuals and species than naturally
regenerated or control cereal plots and more vacuum-sampled invertebrates
than control plots. Wild bird seed plots had eight plant species/m?, 40
bumblebees and four bumblebee species/plot, 18 butterflies and six butterfly
species/plot, compared to three plant species/m2, no bumblebees and one
butterfly/plot on control cereal plots. Control plots had 254 vacuum-sampled
canopy-dwelling invertebrates/m?2 on average, compared to 840-1,197/m? on
other treatments. Plants were monitored in three 1 m? quadrats/plot in June
2007. Butterflies, bumblebees and flowering plants were recorded in a 6 m-wide
transect six times between July and September 2006 and 2007. Invertebrates in
the vegetation were vacuum sampled in early July 2007. Farmland birds were
counted on each plot on four counts between December 2007 and March 2008.
The crop control in year two was winter wheat.

A 2009 literature review of agri-environment schemes in England (36)
found that high densities of seed-eating songbirds and Eurasian skylark Alauda
arvensis were found on land planted with wild bird seed or cover mix and on
stubble fields. A survey in 2007-2008 found that densities of seed-eating
songbirds were highest on wild bird seed or cover mix, compared to other agri-
environment scheme options.

A randomized, replicated, controlled trial from 2003 to 2006 in southwest
England (37) found plots on permanent pasture annually sown with a mix of
legumes, or grass and legumes, supported more common bumblebees Bombus
spp. (individuals and species) than seven grass management options. In the first
two years, the numbers of common butterflies (Lepidoptera) and common
butterfly species were higher in plots sown with legumes than in five intensively
managed grassland treatments. No more than 2.2 bumblebees/transect were
recorded on average on any grass-only plot in any year, compared to over 15
bumblebees/transect in both sown treatments in 2003. The plots sown with
legumes generally had fewer butterfly larvae than all grass-only treatments,
including conventional silage and six different management treatments.
Experimental plots 50 x 10 m were established on permanent pastures (more
than five-years-old) on four farms. There were nine different management types,
with three replicates/farm, monitored over four years. Seven management types
involved different management options for grass-only plots, including mowing
and fertilizer addition. The two legume-sown treatments comprised either a mix
of crops sown partly for wild birds, including linseed Linum usitatissimum and
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legumes, uncut, or spring barley Hordeum vulgare undersown with a grass and
legume mix (white clover Trifolium repens, red clover T. pratense, common vetch
Vicia sativa, bird’s-foot trefoil Lotus corniculatus and black medick Medicago
lupulina) cut once in July. Bumblebees and butterflies were surveyed along a 50
m transect line in the centre of each experimental plot, once a month from June
to September annually. Butterfly larvae were sampled on two 10 m transects
using a sweep net in April and June-September annually. This study was part of
the same experimental set-up as (25,27,46).

A 20009 literature review of European farmland conservation practices (38)
found that margins sown with wild bird cover had high numbers of some
invertebrates which are important bird food, but lower numbers than on
margins sown with a wildflower mix. Cover crops such as quinoa Chenopodium
quinoa and kale Brassica oleracea provided more food for seed-eating birds in
late winter than other field margin types and supported large numbers of some
songbird species.

A controlled study in 2002-2009 on mixed farmland in Hertfordshire,
England (39), found that the estimated population density of grey partridges
Perdix perdix was significantly higher on land sown with wild bird cover than on
conventional arable crops. This study also examined the densities found on land
under various agri-environment schemes and set aside (which were higher than
those on wild bird cover) and the impact of predator control and supplementary
food provision. Grey partridges were surveyed in March and September using
dawn and dusk counts starting in 2001. Land cover within the project area was
mapped and categorized as: conventional arable land, arable in agri-environment
schemes, non-arable, or set-aside (which was further divided into non-rotational,
wild bird cover, other rotational).

A 2010 follow-up review of experiments on the effects of agri-environment
measures on livestock farms in the UK (40), found that in one experiment in
southwest England (the Potential for Enhancing Biodiversity on Intensive
Livestock Farms PEBIL project BD1444, also reported in (25)) found small
insect-eating birds preferred field margins sown with a diverse mixture of plants
that provided seed food, compared to grass margins subject to different
management techniques, despite there being no difference in the number of
insects between the two sets of treatments. The preference for wild bird cover
was attributed to easier accessibility (less dense ground cover). The review
assessed results from four experimental projects (one incomplete at the time of
the review) in the UK.

A replicated site comparison in 2005 and 2008 of 2,046, 1 km squares of
agricultural land across England (41) (same study as (42)) found that four of
eight regions had at least two farmland birds that showed positive responses to
wild bird cover and overwinter stubble fields. Across all 15 bird species thought
to benefit from these interventions, only one region (the northwest) showed
significantly more positive responses than would be expected by chance. Some
species responded positively in some regions and negatively in others.

A replicated site comparison study in 2005 and 2008 of 2,046, 1 km? plots
of lowland farmland in England (42) (same study as (41)) found that three years
after the 2005 introduction of two agri-environment schemes, Countryside
Stewardship Scheme and Entry Level Stewardship, there was no consistent
association between the provision of wild bird cover and farmland bird numbers.
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European greenfinch Carduelis chloris, stock dove Columba oenas, starling
Sturnus vulgaris and woodpigeon Columba palumbus showed more positive
population change (population increases or smaller decreases relative to other
plots) in the 9 km? and 25 km? areas immediately surrounding plots planted
with wild bird cover mix than in the area surrounding plots not planted with
wildlife seed mixture. Although Eurasian linnet Carduelis cannabina and rook
Corvus frugilegus also showed positive associations with wild bird cover mix at
the 25 km? scale, plots with wild bird cover were associated with a greater
decline in grey partridge Perdix perdix populations at both scales between 2005
and 2008. The 2,046, 1 km? lowland plots were surveyed in both 2005 and 2008
and classified as arable, pastoral or mixed farmland. Eighty-four percent of plots
included some area managed according to Entry Level Stewardship or the
Countryside Stewardship Scheme. In both survey years, two surveys were
conducted along a 2 km pre-selected transect route through each 1 km? square.

A replicated site comparison study from 2004 to 2008 in England (43) found
that the ratio of young-to-old grey partridges Perdix perdix was higher in 2007
and 2008 on sites with higher proportions of wild bird cover. Brood sizes were
also related to wild bird cover in 2008 only. Overwinter survival was positively
related to wild bird cover in 2004-2005, but negatively in 2007-2008. There
were no relationships between wild bird cover and year-on-year density trends.
Spring and autumn counts of grey partridge were made at 1,031 sites across
England as part of the Partridge Count Scheme.

A replicated site comparison study between November 2007 and February
2008 of 52 fields in East Anglia and the West Midlands (44) (same study as (45))
found no difference between the number of seed-eating birds in fields managed
under Higher Level Stewardship of the Environmental Stewardship scheme
(fields sown with enhanced wild bird seed mix) than in fields managed under
Entry Level Stewardship of the Environmental Stewardship scheme (fields sown
with wild bird cover mix). In East Anglia, but not the West Midlands, there were
significantly more seed-eating birds on fields planted with wild bird cover under
the Environmental Stewardship scheme (59.3 birds/ha) than non-Environmental
Stewardship fields planted with a game cover (2.1 birds/ha). Seed-eating birds
were surveyed on two visits to each site between 1 November 2007 and 29
February 2008.

A replicated site comparison study in winter 2007-2008 on farms in East
Anglia and the West Midlands, England (45) (same study as (44)) found that
more seed-eating farmland songbirds (including tree sparrow Passer montanus
and corn bunting Emberiza calandra) were found on Higher Level Stewardship
wild bird seed mix sites (6-11 birds/ha) than on non-stewardship game cover
crops (<0.5 birds/ha) in East Anglia, but not in the West Midlands (2-4 birds/ha
on both types). The survey was carried out on 27 farms with Higher Level
Stewardship, 13 farms with Entry Level Stewardship and 14 with no
environmental stewardship.

A replicated study from April-July in 2006 on four livestock farms in
southwest England (46) found that dunnock Prunella modularis, but not Eurasian
blackbird Turdus merula or chaffinch Fringella coelebs, nested at higher densities
in hedges alongside field margins sown with wild bird seed crops, or barley
undersown with grass and clover, compared to those next to grassy field edges
under various management options (dunnock: approximately 2.5 nests/km for
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seed crops vs 0.3/km for grass margins, blackbirds: 1.0 vs 1.3, chaffinch: 1.5 vs
1.4). Margins were 10 x 50 m and located adjacent to existing hedgerows. Seed
crop margins were sown with barley (undersown with grass/legumes) or a kale
Brassica spp./quinoa Chenopodium quinoa mix. There were 12 replicates of each
treatment, three replicates on each farm. This study was part of the same
experimental set-up as (25,27,37).

A replicated, randomized study in 2006 and 2007 in Warwickshire, UK (47)
(same study as (34)) found bee (Apidae) and butterfly (Lepidoptera) abundance
and species richness were higher in stands of specific sown plant species.
Bumblebee Bombus spp. abundance and species richness were significantly
higher on plots sown with phacelia Phacelia tanacetifolia and borage Borago
officinalis (32-85 bees/plot) compared to other treatments (1-22 bees/plot).
Crimson clover Trifolium incarnatum (10-21 bees/plot), sunflower Helianthus
annuus (10-22) and in 2007 red clover Trifolium pratense (20) also tended to
have high bee abundances (other plant species: 1-11 bees/plot). Short- and long-
tongued bees showed differences in preferences. In 2006, butterfly abundance
and species richness were significantly higher in plots with lucerne Medicago
sativa compared to borage, chicory Cichorium intybus and sainfoin Onobrychis
viciifolia. In 2007 butterfly abundance was higher in red clover compared with
chicory, but the number of species did not differ between treatments. Mobile and
immobile butterfly species showed differences in preferences. Flowers of
buckwheat Fagopyrum esculentum were the most abundant followed by phacelia,
borage and sunflower in 2006. In 2007 fodder radish, red clover and sweet
clover Melilotus officinalis also had high flower abundance. Mustard Brassica
juncea and linseed Linum usitatissimum had the least abundant flowers in both
years, along with other species each year. Thirteen species were sown in single
species stands: nine small-seeded crop species typically sown in wild bird seed
mixes and four wild flower species typically sown in pollen and nectar seed
mixes. The species were sown in May each year in adjacent 6 x 4 m plots in a
randomized block experiment with four replicates. Butterflies and bumblebees
were sampled by walking transects through each plot on six occasions from May-
September. Flower cover was estimated at the same time.

A replicated study on four farms in Gloucestershire and Oxfordshire,
England, in 2007 (48) found that grey partridge Perdix perdix released in coveys
in the autumn used cover crops more frequently than birds released in pairs in
the spring. Four farms were studied. Birds were radio-tagged and their positions
marked on a 1:5,000 map.

A replicated, controlled study in summer 2008 in northwest Scotland (49)
found that croft sections (an agricultural system specific to Scotland, consisting
of small agricultural units with rotational cropping regimes and livestock
production) sown with a brassica-rich ‘bird and bumblebee’ conservation seed
mix had 47 times more foraging bumblebees than sheep-grazed sections and 16
times more bumblebees Bombus spp. than winter-grazed pastures in June. In July
the ‘bird and bumblebee’ mix sections had 248 and 65 times more bumblebees
than sections grazed by sheep or both sheep and cattle respectively. The number
of bumblebees in July was also significantly higher (4-16 times) in ‘bird and
bumblebee’ sections than in arable, fallow, silage, and winter-grazed pasture
sections. The availability of bumblebee forage plant flowers was lower in ‘bird
and bumblebee’ sections than in silage sections in June, but no other significant
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differences involving the conservation mix were detected. Plant species in the
legume (Fabaceae) family were the most frequently visited by foraging
bumblebees. Tufted vetch Vicia cracca was one of a few plant species favoured by
bumblebees and was predominantly found in ‘bird and bumblebee’ sections in
July-August, although it was not part of the seed mixture. Thirty-one crofts
located on Lewis, Harris, the Uists and at Durness were included in the study.
The ‘bird and bumblebee’ conservation mix was sown for several bird species
and foraging bumblebees, species sown included kale Brassica oleracea, mustard
Brassica spp., phacelia Phacelia spp., fodder radish Raphanus sativus, linseed
Linum usitatissimum and red clover Trifolium pratense. In addition to the seven
management types mentioned, unmanaged pastures were surveyed for foraging
bumblebees and bumblebee forage plants along zigzag or L-shaped transects in
each croft section once in June, July and August 2008. Foraging bumblebees 2 m
either side of transects were identified to species and recorded together with the
plant species on which they were foraging. Flowers of all plant species were

counted in 0.25 m? quadrats at 20 or 50 m intervals along the transects.
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2.19. Plant nectar flower mixture/wildflower strips

e A total of 80 individual studies have in some way investigated the effects of flowering
strips on biodiversity. Sixty-four individual studies show some benefits to one or more
wildlife groups.

e Sixty-five individual studies reported the effects of flower strips on invertebrates. Of
these, fifty reported positive effects. Forty-one studies from eight European countries
(including five reviews and twenty-three replicated controlled studies, of which one
randomized and two site comparisons) found evidence that flower strips had a positive

influence on invertebrate numbers with increased
abundance3’5’7n13n18130131134135140142152158n60,65,75,76,84,90,91,104, species

richness/diversity2324334454596392.99 o hoth1L1216,2529,36.43,64.72.74,78,81,87,89,94,95,97, 101,103,
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Ten studies (nine replicated of which two controlled) found invertebrates
visited8.21485388  or foraged 0n26105167 flower strips but did not specify
increases/decreases in numbers. Two studies found effects on ground beetles other
than changes in numbers. One replicated controlled study showed that ground beetles
were more active* or had enhanced feeding/reproductive conditions!4 in flower strips. A
review found flower strips supported ground beetle species that were rarely found in
crops®. Fifteen studies reported mixed or negative effects of flower strips on

invertebrates?15.17,26,27,38,41,46,50,71,79,82,83,96,98,102  Six  studies found no Significant
effects?.32,39,47,49,55,56

Twenty-one studies looked at the effects of flower strips on plants. Sixteen studies
from seven European countries (including ten replicated controlled studies of which
one randomized) found evidence that flower strips had higher plant cover?, number of
f|ower587, diversity52,86’ and Species richness24,25,28,33,37,49,55,57,63,81,85,86,89,90,92,105 Qne
review found flower strips benefited plants but did not specify how. Four studies
found negative or no effects of flower strips on the number or diversity of plant
speciesl94568, Five studies described the effects of different margin establishment or
management techniques on plants19.62:66.78.88,

Seven studies investigated birds and wildflower strips. Four replicated, controlled
studies from Switzerland and the UK (two of which were randomized) and one review
of European studies found evidence that plots sown with a wildflower or legume seed
mix had a positive influence on birds. Flower strips attracted more birds or bird
species?280.9 and the number of birds using flower strips increased over time?’.
Eurasian skylarks preferentially foraged in, and nested in or near, sown weed patches
and were less likely to abandon their territories when they included sown weed
patches®. However one replicated trial in Switzerland® found barn owls avoided sown
wildflower areas. Two winter recording periods of the same replicated, controlled study
in the UK®8L89 found there were not more bird species or individuals on wildflower plots
compared to control margins.

All five studies investigating the effects of wildflower strips on small mammals (four
replicated studies from Switzerland and one review of studies from northwestern
Europe) found evidence that small mammals benefit from strips sown with wild flowers
or flowers rich in pollen and nectar, with increases in abundance3470.73 density and
species richness1, One replicated study from Switzerland reported that most common
vole home ranges and core regions of their territories were found within a wildflower
strip®l,

Nineteen studies (of which eight replicated, controlled) reported positive effects of
sowing phacelia2810.18.21,30.33,51,53,88,103 gand/or other plant species such as borage and
red clover3.13.303348,586063,67.8588.101103,104  Three replicated studies found negative
impacts or no effects on biodiversity of sowing phacelia®1546,

Background

Flowering plants are sown in strips or blocks, providing forage resources for
bees and other flower-visiting insects. Increased insect numbers may then
provide food for more birds. Nectar flower mixture may include agricultural
varieties of flowering plants such as clovers.

See ‘Restrict certain pesticides’ for a study looking a control of slugs with
restricted use of molluscicide, in oilseed fields with wildflower strips (Friedli &
Frank 1998).
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Friedli J. & Frank T. (1998) Reduced applications of metaldehyde pellets for reliable control of the
slug pests Arion lusitanicus and Deroceras reticulatum in oilseed rape adjacent to sown
wildflower strips. Journal of Applied Ecology, 35, 504-513.

A replicated, controlled study in June to October 1985-1986 and February to
August 1987 in a winter wheat field in north Germany (1) could not detect
consistent differences in arthropod numbers between sown flower strips (1 m-
wide), winter wheat strips (12 m-wide) and the winter wheat control field. The
number of arthropod pest species, weed species cover and crop yield did not
differ significantly between the strip types. Arthropod abundance varied greatly
over the season, between years and between trapping methods. Five flower
strips (1 m-wide, each separated by a 12 m wheat strip) were sown in 1.2 ha of a
1.8 ha arable field with a seed mix containing Crimson clover Trifolium
incarnatum, red clover T. pratense, lupin Lupinus angustifolius and winter rape
Brassica napa in May 1985 and 1986. The remaining area of the same arable field
was used as a control. Arthropods were sampled using pitfall and yellow bowl
traps in all three treatments throughout the season in all three years. Plant
biomass, vegetation cover, weed species composition and frequency were
monitored monthly.

A replicated study in 1989 in Hertfordshire, UK (2) found that seven species
of bumblebee Bombus spp., including the long-tongued common carder bee B.
pascuorum, and one cuckoo bumblebee B. [Psithyrus] vestalis foraged on plots
sown with phacelia Phacelia tanacetifolia. Of observed worker bumblebee visits,
97% were for nectar, not pollen. The plots each flowered for six to eight weeks,
with a maximum flower density of more than 4,000 flowers/m? on the plot sown
in late May. The plot sown in July flowered until early December. Three 9 m?
plots of phacelia were sown at Rothamsted Research experimental farm in May
and July 1989. Bee and flower densities were recorded weekly. Flowers were
counted in a 0.25 m? area of each plot. Bees were counted at 09:00, 11.00, 13.00
and 15.00 in each plot, their behaviour, species and gender were recorded.

A replicated, controlled study in late June to August 1989 in central Sweden
(3) found that margins sown with different mixtures of legumes attracted
significantly more bumblebees Bombus spp., butterflies (Lepidoptera), flies
(Diptera, excluding hoverflies Syrphidae) and honey bees Apis mellifera than
other habitats. Margins dominated by red clover Trifolium pratense were most
attractive to bumblebees (299 individuals in red clover margins out of a total of
413 individuals recorded on all margin-types and the control) and butterflies (75
of 242 individuals). Honey bees (2,374 of 2,422 individuals) and flies (excluding
hoverflies) (679 of 984 individuals) preferred margins dominated by white
melilot Melilota alba. Hoverflies did not show significant preferences for any
treatment. Turnip rape (Brassica napa, B. rapa), white melilot and red clover
dominated the honey bee pollen loads in a hive 1 km away. There were 20
experimental plots (2 x 10 m) with four replicates of five treatments: field
margin sown with legume mix dominated by white melilot, field margin sown
with legume mix dominated by red clover, naturally regenerated field margin,
field margin along ditch containing wild herbs and grasses, and species-rich
semi-natural pasture. Flower visiting insects were counted three times a week by
slowly walking transects.

A replicated, controlled study in the summers of 1990-1991 in a cereal field
in Switzerland (4) found higher recapture rates of three ground beetle species
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(Carabidae: Carabus granulatus, Poecilus cupreus, Pterostichus melanarius) in
wildflower strips (57.7%, 41.8%, and 19.8% recaptured in a different trap to the
trap of first capture) than in the cereal control area (20.0%, 26.7% and 8.8%
recaptured) indicating these species were more active in the wildflower strips.
The activity density of four ground beetle species (P. cupreus, Pterostichus
anthracinus, Pt. melanarius, C. granulatus) was significantly higher in wildflower
margins than in the crop. In 1991, two species moved significantly more from the
cereal crop to the wildflower margins than vice versa (P. cupreus and Pt.
melanarius). After harvest, only two species Harpalus rufipes and Pterostichus
niger showed a strong association with wildflower strips, with most individuals
being recaptured in wildflower strips, irrespective of the habitat they were
initially caught in (crop or wildflower strip). Four wildflower strips (1.5 m-wide)
were studied. Strips were sown in 1989 at 12, 24 and 36 m apart in one part of a
winter cereal field. The remaining area of cereal field was used as a control. After
establishment, strips were left untreated for three years. Ground beetles were
sampled from May-September 1990 and April-July 1991 using a network of
numbered pitfall traps (diameter 7 cm) placed in rows in the strips and the
cereal field. Captured beetles were individually marked and released about 10
cm from the trap they were caught in. This study was performed within the same
experimental site as (5,11,12,14).

A controlled study in winter 1990-1991 in one cereal field in central
Switzerland (5) found generally more overwintering arthropods in wildflower
strips than in the adjacent cereal crop. Five times more beetles (Coleoptera)
were recorded in soil samples from the wildflower strips than from the crop
(1,032 vs 209 individuals/m?2 respectively). Similar patterns were found for
samples from photo-eclector traps. Rove beetles (Staphylinidae) and ground
beetles (Carabidae) were more abundant in wildflower strips than in the crop,
although the greatest abundance of both groups was found in conventional field
margins. Other arthropod groups such as spiders (Aranae) and mites (Acari) also
had higher densities in wildflower strips than in the crop. More arthropods
overwintered in wild plants than in cereal stubbles. Of all arthropods found in
cereal stubbles, 48% were found in cereal taken from the wildflower strips, 41%
in cereals from conventional field margins and 11% from samples within the
crop. Five 1.5 m-wide wildflower margins were established around one cereal
field in 1989. The margins were sown with a mixture of wild flower species
including clover Trifolium spp. and species from the Brassicaceae family.
Overwintering arthropods were sampled from soil cores and photo-eclectors.
Vegetation samples of 22 plant species and the cereal stubbles were taken twice
a month from November 1990 to April 1991. Arthropods overwintering in the
plants were hatched in the laboratory. Note that no statistical analyses were
performed on the data presented in this paper. This paper summarizes a large
study which is partly published elsewhere, it was performed within the same
experimental site as (4,11,12,14).

A replicated study in 1992-1993 in one arable field in Baden-Wiirttemberg,
Germany (6) recorded 58 species of wild bee (Apidae) either nesting or foraging
on wildflower plots (sown with ‘Tiibingen’ nectar and pollen mixture), including
11 species of true bumblebee Bombus spp. and five species of cuckoo bumblebee
Bombus [Psithyrus] spp. Thirty-five bee species foraged on flowers from the
Tibingen wildflower mixture. In total, over 50 herbaceous plant species were
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recorded in the Tibingen wildflower plots in 1992, and over 60 in Tiibingen
plots grown over two years in 1993. Ladybirds (Coccinellidae), hoverflies
(Syrphidae), green lacewings (Chrysopidae) and butterflies (Lepidoptera) were
also observed on the sown strips, including the swallowtail butterfly Papilio
machaon. Three strips of the commercially available ‘Tiibingen nectar and pollen
mixture’ (40% phacelia Phacelia tancetifolia, 25% buckwheat Fagopyron
esculentum) were sown at the edge of an arable field. Two strips were sown only
in the first year, one strip was sown in both years.

A randomized, replicated trial from 1987 to 1991 in Oxfordshire, UK (7)
found that field margins sown with wildflower seed mix had more adult meadow
brown butterflies Maniola jurtina but not more larvae than unsown margins in
two of the three study years. In 1990 and 1991, sown plots had 4-52 meadow
browns/50 m, and unsown plots 4-10 meadow browns/50 m. In all three years,
there were more meadow brown butterflies on uncut margins, or margins cut in
spring or autumn than in margins cut in summer (sown margins: 4-22 meadow
browns/50 m with summer cut, 14-52 meadow browns/50 m without summer
cut). There was no difference in the abundance of meadow brown larvae (three
larvae/plot on average) between treatments. Two-metre-wide field margins
were established around arable fields in October 1987. In 1988 margins were
either left to naturally regenerate or sown with a wildflower seed mix (17 wild
flower species, six grass species, with a wild flower:grass weight ratio of 1:4).
Both treatments were rotavated before sowing. Fifty-metre-long plots were
managed in one of the following ways: uncut, cut once in June with hay collected,
cut April and June with hay collected, cut in April and September with hay
collected, cut April and June with hay left lying (unsown margins only) or
sprayed once a year in summer (unsown margins only). There were six
replicates of each treatment. Adult meadow brown butterflies were monitored
weekly along walked transects in the experimental plots from June to September
1989 and from April to September 1990 and 1991. Meadow brown larvae were
sampled in spring 1991, by sweep netting and visual searching. This study is part
of the same experimental set-up as (16,31,32,35,37,47,105).

A replicated, controlled, site-comparison study in 1990 in the Kraichgau
region, Germany (8) found set-aside fields newly sown with phacelia Phacelia
tanacetifolia attracted many honey bees Apis mellifera (foraging bees not
quantified), but no cavity-nesting solitary bees (Apidae) made nests in bundles of
reed stems Phragmites australis placed in the phacelia-sown fields. In contrast,
12 bee species nested in reed stems placed in 2-year-old naturally regenerated
set-aside fields mown in late June in the same study. Four set-aside fields were
sown with phacelia. Bundles of reed stems for cavity-nesting bees (and wasps
Sphecidae, Eumenidae) were placed in the four newly sown phacelia set-aside
fields in April 1990 and sampled in October 1990. This trial was part of a larger
study (9).

A replicated, controlled study in 1989-1991 in up to 65 arable sites in the
Kraichgau region, Germany (9) (same study as (8)) found lower plant species
richness and invertebrate abundance on phacelia Phacelia tanacetifolia sown set-
aside fields than on naturally developed set-asides. Plant species richness was
lowest in sown set-asides (10-15 species/49 m?) and cereal fields (10-
17spp./49 m2) and highest in orchard meadows (50 spp./49 m2) and naturally
developed set-asides (37-45 spp./49 m?). Invertebrate numbers from suction
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samplers were lowest in phacelia-sown set-asides (500 individuals/5 m?),
intermediate in naturally developed set-asides and cereal fields (ca. 1,000 ind./5
m2) and highest in set-asides sown with clover-grass-mixes (1,500 ind./5 m?2).
Invertebrate numbers caught in Malaise traps were highest in rye fields and
clover-grass mixes (around 3,000 ind.) and lowest in naturally developed set-
asides (1,000 ind.). Further studies and single species comparisons showed that
the effect of field type and set-aside age was strongly species/family-dependent.
Up to 11 field types (four to five replicates each) were investigated: one, two and
three-year-old naturally developed set-asides (mown and unmown), one-year-
old set-asides sown with either phacelia or a clover-grass mix, conventionally
managed cereal fields (rye and barley), and low-intensity orchard meadows (<30
years old). Plant surveys (three visits) were conducted in May to October 1990-
1991 on one 49 m? permanent quadrat (meadows and sown fields) or on 120 m?2
(systematically changed in naturally developed fields). Insects were sampled on
four to five visits in April to October using Malaise traps (20 fields) and suction
samplers (61 fields, 3 minute suctions in five 0.25 m? plots).

A replicated, controlled study in June-July 1993 in four pairs of winter wheat
plots in Hampshire, UK (10) found a higher proportion of hoverflies (Syrphidae)
with phacelia Phacelia tanacetifolia pollen in their stomachs in plots with sown
phacelia strips than in plots without strips. There was no difference in egg
production between female hoverflies in plots with and without Phacelia strips.
There were non-significant trends of more Aphidius spp. parasitoid wasps, other
wasps (Braconidae and Proctotrupoidea) and hoverflies in phacelia strips than in
the crop. Four pairs of winter wheat plots (minimum size 5 ha, minimum width
100 m) were either managed according to the Integrated Farming System (IFS)
or conventionally. At IFS plots, strips of phacelia were sown along the longest
edge (300-400 m) in April 1993. Conventional control plots did not have strips.
Invertebrates were sampled either using fluorescent-yellow water traps (19 cm
diameter) located at different distances from the phacelia strip/field edge or
using a D-Vac. Traps were emptied weekly. Five D-Vac samples were taken once
in two plots. Hoverflies were dissected and pollen content in the stomach as well
as number of eggs in females recorded. This study system was extended and
further studied by (18).

A replicated, controlled study in the winter of 1990-1991 in four within-
field wildflower strips in a cereal field in the Bernese Seeland, Switzerland (11)
found more than four times higher densities and more than twice as many
overwintering species of ground beetles (Carabidae), rove beetles
(Staphylinidae) and spiders (Araneae) in sown wildflower strips than in the
winter cereal areas between them. The proportion of ground beetle and rove
beetle larvae was significantly higher in cereal fields than in the wildflower
strips. Four wildflower strips (1.5 m-wide) were sown in 1989, 12, 24 and 36 m
apart in one part of a winter cereal field. The remaining area of cereal field was
used as a control. Strips were sown with a variety of wild flowering plants and
left untreated for three years. Soil samples (diameter 10 cm, depth 20 cm) were
taken eight times from December to March in the four strips and the three cereal
areas between the wildflower strips. After hand-sorting all samples for
arthropods, the samples were extracted in a Berlese apparatus for five days and
then hand-sorted again. Beetles were determined to species level, spiders to
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family level. This study was performed within the same experimental site as
(4,5,12,14).

A replicated, controlled study in Switzerland in the summers of 1990 and
1991 in one cereal field (12) found more ground beetle (Carabidae) species in
wildflower strips than in the cereal area between these strips. The number of
ground beetles was also higher in the wildflower strips, but only during the first
year. Both ground beetle abundance and diversity was higher in the cereal area
between the wildflower strips than in the control area of the same field. Ground
beetle numbers decreased with increasing distance from the wildflower strips.
Many of the ground beetle species that were only found in wildflower strips in
1990 dispersed into the cereal areas in 1991. Four wildflower strips (1.5 m-
wide) were studied. Strips were sown in 1989, 12, 24 and 36 m apart in one part
of a winter cereal field. The remaining area of cereal field without strips was
used as a control. Strips were sown with a variety of wild flowering plants and
left untreated for three years. Ground beetles were sampled weekly throughout
the summer using pitfall traps (diameter 7 cm) placed in rows in the strips and
the cereal field. This study was performed within the same experimental site as
(4,5,11,14).

A series of four studies from 1991 to 1993 in Hampshire, UK (13) found the
abundance of some hoverfly (Syrphidae) species was higher in areas with sown
flower strips than in control sections and hoverflies preferred foraging on certain
plant species. Two trials showed hoverflies foraged on sweet alyssum Lobularia
maritima, buckwheat Fagopyrum esculentum, coriander Coriandrum sativum,
borage Borago officinalis, sunflower Helianthus annuus and dwarf marigold
Calendula officinalis compared to other plant species or field margins. A field-
scale trial found no difference in the total number of hoverflies, but more
marmalade flies Episyrphus balteatus (39 vs 4 individuals/field boundary) in a
winter wheat field with a 2 m-wide strip of coriander than a control field. More
aphids (Aphidoidea) were found on marked wheat ears in the control field. In
1993 an unreplicated, controlled study found more males and females of three
hoverfly species/genera (E. balteatus, Metasyrphus corollae and Eristalis spp.) in
a 2 m-wide strip (240 m-long, divided into 0.75 x 10 m plots) sown with 13 plant
species (including amaranthus Amaranthus spp., safflower Carthamus tinctorius
and quinoa Chenopodium quinoa) in a spring barley field than a control strip on
the same field between 7 and 14 July. Plant species used for foraging had small
(less than 4 mm diameter) white or yellow flowers and easily accessible anthers
and pollen (buckwheat, coriander, gold-of-pleasure Camelina sativa and texsel
Brassica carinata). Hoverflies were recorded using transect walks and
fluorescent yellow water traps. Ten wheat plants around each yellow water trap
were used to count the number of aphids.

A replicated, controlled study from April to July 1991 in Switzerland in one
winter rye field (14) found enhanced feeding and reproductive conditions for the
ground beetle Poecilus cupreus (Carabidae) in sown wildflower strips and cereal
strips adjacent to wildflower strips, than in a cereal control area in the same
field. Male P. cupreus (and females in early season only) had generally higher
crop-fullness and satiation in the wildflower strip-managed area than in the
control area, indicating higher food availability. Females in the wildflower and
cereal strips were generally larger and heavier, and had more ripe eggs in their
ovaries (except in May), than females in the control area. Ground beetles were
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sampled weekly using five pitfall traps (diameter 7 cm) in each of the three
habitats (wildflower strip, cereal strip and cereal control area). Captured beetles
were dissected to analyse different size and reproductive measures and gut
contents. This study was performed within the same experimental site as
(4,511,12).

A replicated, controlled study from April to August 1993 in the Kraichgau
region, Germany (15) found that wild bee (Apidae) species richness was lower
on set-asides sown with phacelia Phacelia tanacetifolia (around 10 species) than
on two-year-old naturally developed set-asides (around 27 spp.) and orchard
meadows (around 28 spp.). The number of Red-listed bee species and specialist
species were lower on phacelia-sown set-asides than on orchard meadows and
naturally developed set-asides. Wild bee abundance in phacelia-sown set-asides
(around 75 individuals) was lower than in orchard meadows (around 120 ind.)
and two-year-old naturally developed set-asides (around 100 ind.), but higher
than in naturally developed set-asides of different ages. Seven field types (four
replicates each) were investigated in 21 farmland sites: one, two, three, four and
five-year-old naturally developed set-asides, one-year-old set-asides sown with
phacelia, and orchard meadows. Wild bees were monitored on six 30 minute
visits at each site. Bees were caught using sweep nets (100 sweeps/transect)
along one 100 m transect in the field centre. Plant species richness and the
abundance of flowering plants was recorded at each visit. Additional plant
surveys on a 49 m2 quadrat were performed in July and August.

A randomized, replicated study from 1989 to 1991 on the Oxford University
Farm, Oxfordshire, UK (16) found that butterfly (Lepidoptera) abundance and
species richness were higher in sown wildflower margins (21-91 individuals, 7-
10 species) than in unsown, naturally generated margins (14-39 ind., 6-9 spp.)
from the second year after establishment. Cutting during summer reduced
butterfly diversity and density in the margins, but there were no such effects of
cutting in spring and autumn. Cutting in summer also led to an immediate
decline in the number of flowering plants directly after the treatment. However,
the number of flowers in cut margins had increased by September when it was
higher than in uncut margins. Existing field margins (0.5 m-wide) were extended
by 1.5 m in October 1987. The extended margins were rotavated and either left
to naturally regenerate or sown with a wildflower seed mix in March 1988. Fifty-
metre-long plots were managed in one of the following ways: uncut, cut once in
summer hay collected, cut spring and summer hay collected, cut spring and
autumn hay collected, cut spring and summer hay left lying (unsown margins
only), sprayed once a year in summer (unsown margins only). There were eight
replicates of each treatment. Butterflies were monitored weekly along transects
from June to September 1989 and from April to September 1990 and 1991.
Transects were divided into 50 m sections corresponding to the experimental
plots. This study was part of the same experimental set-up as
(7,31,32,35,37,47,105).

A replicated, controlled study in April-June 1993 in one winter rape field
near Bern, Switzerland (17) found lower numbers of pest species (mainly pollen
beetles Meligethes spp. and cabbage weevils Ceutorhynchus spp.) near a sown
weed strip than near a field boundary, at least early in the season. There was no
difference in the abundance of predators and parasitoids between transects near
the weed strip and the boundary. A 1.5 m-wide weed strip was sown with a seed
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mixture containing 25 varieties of annual, biennial and perennial plant species in
the middle of a 3.8 ha winter rape field in spring 1992. The composition of the
seed mixture was designed to provide flowering plants over the whole growing
season. The strip was not cut or treated for three years. Adult and larval
arthropods in the rape field were sampled weekly along transects at 3, 10, 20
and 50 m from the weed strips and the opposite field boundary from April-June
1993 using several different methods (visual counting, sweep netting, dissecting
of rape pods and using water traps).

A replicated, controlled study in June-July 1993 and 1994 using four pairs of
adjacent winter wheat plots in Hampshire, UK (18) found higher numbers of
total cereal parasitoids (average 33 vs 5/0.5 m2), gamebird chick food insects (25
vs 2) and parasitic wasps Aphidius spp. (13 vs 12) in phacelia Phacelia
tanacetifolia sown strips than in the adjacent crop in one of the study years,
1994. In the same year, the abundance of braconid waps (Braconidae) was
higher in plots with a sown phacelia strip (but not in the phacelia strip itself)
than in plots without a strip. No significant differences in numbers of any other
arthropod group considered were found between phacelia strips and the other
habitats. Four pairs of winter wheat plots (minimum size 5 ha, minimum width
100 m) were either managed according to the integrated farming system (IFS) or
conventionally managed. At IFS plots, 1 m-wide strips of phacelia were sown (1
g/m?) along the longest edge of the plot (300-400 m) in April each year.
Conventional control plots did not have phacelia strips. Invertebrates were
sampled either using fluorescent yellow water traps (19 cm diameter) located at
different distances into the phacelia strip/field edge or using a D-Vac. Traps were
emptied weekly, D-Vac samples (two set-ups) were taken once a year in each
plot. Tiller counts were made to assess aphid numbers, species, life-stage and
aphid mummies five times yearly in each plot. This study used an extended
version of the experimental set-up in (10).

A replicated, controlled, randomized study of a sown wildflower margin at a
farm in Oxfordshire, UK (19) found that margin management affected plant
species richness. Seventy plant species were recorded in the sown wildflower
margin, including 28 of 36 sown species and 42 unsown species. A single cut in
June resulted in a significant reduction of sown (2 vs 4 species/quadrat) and
unsown species diversity (5 vs 6-8). Grass-specific herbicide did not affect
overall species diversity, however sown and unsown grass diversity was reduced
and sown and unsown herbaceous plant diversity significantly increased in
herbicide-sprayed plots. Unsprayed plots were dominated by black grass
Alopecurus myosuroides, however the species was eliminated by a December
application of herbicide. Sown crested dog’s-tail Cynosurus cristatus was
eliminated by a second treatment of herbicide in April, late mowing in June also
decreased this species. The wildflower/grass seed mix was sown on 21
contiguous margin plots (3 m wide by 12 m). Plots were grouped into three
blocks, within which they randomly received one of seven treatments:
unmanaged, cut April, cut April and May, cut May, cut in May and June, cut in June
or grass-specific herbicide (fluazifop-P-butyl) application in April. Cuttings were
removed. Half of each plot received grass-specific herbicide application in
December. Vegetation in sub-plots was sampled in five 0.1 m? quadrats in July
1995.
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A replicated, controlled, randomized study of four field margins in southern
and eastern England (20) found that plant cover was higher in margins sown
with grass or grass/wildflower mixtures than naturally regenerated margins,
and diversity tended to be higher with more complex seed mixtures. Percentage
plant cover was significantly higher on spring-sown and Breckland autumn-sown
grass or grass/wildflower plots than naturally regenerating plots. Plant cover did
not differ with seed mixture diversity or management treatment (unmanaged,
cut, grass herbicide), although cover tended to be lower on cut plots in the first
year. In 1994 plant diversity was higher in plots sown with more complex seed
mixtures (32-37 species) than those sown with grass-only (22-27) or naturally
regenerated (21-25). In 1995, grass-seed-only plots tended to be the least
diverse (15-21 species), but naturally regenerated plots (18-28) were as diverse
as some complex seed mixtures (23-31). Species diversity did not differ between
management treatments. Margins were created in each field and divided into six
plots (4 x 30 m). Each was (randomly) sown with a seed mixture: grass, low cost
mix (3 grass: 7 wild flower species), alkaline soil mix (6: 16), neutral soil mix (5:
15), acid soil mix (6: 16) and one naturally regenerated treatment. Plots were
divided into 10 m sub-plots, which were either unmanaged, cut once, or treated
with grass-specific herbicide. Plants were sampled in each sub-plot in summer
1994-1995.

A replicated study in 1994 and 1995 in Hertfordshire, UK (21) found that
plots sown with two commercial nectar and pollen seed mixtures, Tiibingen
mixture (40% phacelia Phacelia tanacetifolia) and Ascot Linde mixture (25%
phacelia) attracted 14 species of bees/wasp (Hymenoptera), including all six
common UK bumblebee (Bombus spp.) species and three cuckoo bumblebee
species Bombus [Psithyrus] spp. across two years. A small number of solitary
bees (Andrenidae, Megachilidae) of three species (no more than two individuals
on any plot) were recorded. The plots also attracted 14 hoverfly (Syrphidae)
species and six butterfly (Lepidoptera) species. Phacelia attracted 87-99% of all
bee visits and 31-98% of all hoverfly visits over the two years. Buckwheat
Fagopyrum esculentum, a nectar source that comprised 20% of both seed
mixtures by weight, attracted 1% or less of all bee visits, but up to 36% of
hoverfly visits. Phacelia flowered for a long period on all plots. The main
flowering period lasted four weeks, but some flowering continued for several
months afterwards. The sown species successfully competed with previously
existing weeds. In April 1994 Tiibingen mixture was sown on a 25 x 25 m plot. In
1995 both mixtures were sown on 19 x 14 m plots; Tiibingen mixture sown in
April and May, Ascot Linde mixture sown in May and June. In each plot plants
and flowers were counted in four 1 m? quadrats. Insect density and diversity
were recorded at least three times a week/plot.

A replicated, controlled study in 1995-1996 in Cambridgeshire, UK (22)
found a set-aside strip sown with a mix of 11 wild flower species (‘Tiibinger
Mischung’ or ‘bee mixture’) attracted more birds (average 45-131 individuals)
than strips sown with three different grass mixtures (18-121 individuals) or a
grass and wildflower mixture (33-100 individuals). However the ‘bee mixture’
attracted the lowest number of bird species (8-15 species). Strips sown with a
grass and wildflower mixture attracted more bird species (16-25 species) than
the bee mixture, but fewer species than strips sown with a diverse grass mixture
(23-33 species). Most of the yellowhammers Emberiza citrinella recorded in the
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study were found on the bee mixture strip. No statistical analyses were
performed on these data. Five seed mixtures were sown on 15 set-aside areas
(minimum 20 x 100 m) on one farm in autumn 1993 and 1994. Only one strip
was sown with the bee mixture, three to four strips were sown for all other set-
aside strips. Seed mixtures contained: only grass species (three mixes of three to
six species), mix of grasses and wild flowers (six grass and eight wild flower
species) or only wild flowers (11 species). Birds were recorded on ten 15 minute
point counts between June and September 1995 and July and October 1996.
Individual bird locations were recorded in three categories: field boundary, set-
aside strip or crop. After each count, the strips were walked to flush any birds
present but not visible during the count.

A replicated, controlled study in summer 1995 near Gottingen, Germany
(23) found higher arthropod species richness on potted mugwort Artemisia
vulgaris plants placed in sown wildflower strips compared to the cereal field, but
not compared to other margin types. The predator-prey ratio in wildflower strips
did not differ from the control winter wheat field but was significantly lower
than in a 6-year-old uncultivated field margin. The effect of wildflower strips on
numbers of individual arthropod species varied between species, with some
species (e.g. the aphid Macrosiphoniella oblonga and the fruit fly Oxyna
parietina), but not all found in higher numbers in wildflower strips than in the
control. Two types of wildflower strip were sown with either a wildflower seed
mixture or a phacelia Phacelia tanacetifolia mix. Other margin types were one-
year-old and six-year-old uncultivated margins and cereal strips. There were
four replicates of each margin type. Potted mugwort plants (four pots) were
placed in all margin types and the control. All herbivores and their predators on
the plants were recorded during six visits in June and July. In September, all
mugwort plants were dissected to assess numbers of arthropods feeding inside
the plants. Results from the same study are also presented in (24,49).

A replicated, controlled study in summer 1995 near Gottingen, Germany
(24) found higher species richness of plants and arthropods colonizing potted
mugwort Artemisia vulgaris and red clover Trifolium pratense plants in
wildflower strips than in unsprayed cereal control edges. However, the number
of arthropod species on mugwort did not differ between any of the other
established margin types. The number of arthropod species colonizing red clover
flower heads decreased significantly with increasing distance from wildflower
strips into adjacent cereal fields, but no such decline was found for individual
numbers. Two types of wildflower strips were sown either with a wildflower
seed mixture (19 species) or phacelia mixture (Phacelia tanacetifolia plus three
species). Other margin types were one-year-old and six-year-old naturally
regenerated margins and cereal strips. Potted mugwort (four pots) and red
clover (three pots) plants were placed in all margin types and the controls.
Mugwort plants were visited six times in June and July to count all herbivores
and their predators on the plants before being taken to the lab in September to
assess all arthropods feeding inside the plants. Red clover flower heads were
collected five times in June-July and dissected for arthropods living inside the
plants. Vegetation of all margins was surveyed in June. Results from the same
study are also presented in (23,49).

A replicated study in 1994-1996 in Gloucestershire, UK (25) found higher
plant species richness (23 vs 19 species) as well as higher abundance and
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diversity of butterflies (Lepidoptera) in sown wildflower margins than in
naturally regenerated margins. Cutting and subsequent grazing of the sown
margins significantly decreased butterfly diversity (5.6 vs 6.8 species) but not
abundance (14.6 vs 16.3 individuals). Margins were established around two
organically-managed arable fields by either sowing a seed mix (containing five
grasses, six wild flowers) or by natural regeneration in 1994. In 1996 part of the
margins were cut in June and grazed in July. The rest was left untreated.
Butterflies were monitored along transects weekly from May to September 1996.
Plant species and flower abundance were recorded in May and September 1996.

A small replicated, controlled study in Switzerland (26) found that ground
beetle (Carabidae) species richness was not significantly higher in sown weed
strips than in adjacent crops, but ground beetle species richness decreased with
distance from the strips. The oldest weed strip (two years-old) contained the
highest number of ground beetle species (10 species/trap), followed by the
adjacent rape field (9/trap) and one of the one-year-old weed strips (9-10/trap),
although the differences were not significant. The other one-year-old weed strip
had 8 species/trap and other crops 6-8/trap. In 1992, numbers of ground beetle
species in rape and wheat plots decreased with distance from weed strips (15%
and 35% decreases respectively). Weed strips contained similar numbers of
species in their first and second year. Three to five species were found only in the
strips. Strips were sown with 25 weed species and were one (two strips) or two
years old (one strip), they were not mown. Ground beetles were sampled using
four pitfall traps/site, emptied every 14 days from April-September 1992 and
1993.

A replicated trial from 1994 to 1996 in central Germany (27) found that few
solitary bee and wasp (Hymenoptera: Aculeata) species occupied reed
Phragmites australis stem nest boxes in set-aside fields sown with a clover-grass
mix relative to nest boxes placed in semi-natural grasslands (quantitative details
are lacking from the report of this trial). Three replicates in each of five habitat
types were studied: set-aside fields (sown with clover-grass mixture), sown field
margin strips, extensively-managed grassland, chalk grassland, orchard
meadows. Ten reed stem nest boxes were placed in each site. In autumn, nests
were dissected and occupants identified. This study is part of the same study set-
up as (39).

A replicated trial in 1995 near Wageningen in the Netherlands (28) found
that 4 m-wide field margins planted with wild flowers had more plant species
than margins left to naturally regenerate or sown with rye grass Lolium perenne
two years after establishment. On average there were 13.7 plant species/0.25 m?
in wildflower margins, 8.6 in naturally regenerated margins and 5.9 in grass-
sown margins. There were fewer plant species in the 1 m of wildflower margin
closest to the arable field (11-12 species/0.25 m?) than in plots more than 1.5 m
away (14-17 species); this pattern was not observed in other treatments. Two
prominent arable weeds, creeping thistle Cirsium arvense and couch grass Elymus
repens, both had lower biomass in wildflower-sown margins than in naturally
regenerated margins (0.1 g/m? and 6 g/m?2 respectively in wildflower-sown
margins, 33 g/m2 and 28 g/m2 in naturally regenerated plots). Wildflower-sown
margins had similar couch grass biomass to the grass-sown plots, but much
lower creeping thistle biomass (8 g/m? of creeping thistle in grass margins). In
1993, 27 experimental plots (8 x 4 m) were established on the boundaries of
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three arable fields. Wildflower plots were sown with 30 broadleaved (non-grass)
wildflower species. All plots were mown once a year, without removing cuttings.
There were three replicates of each treatment on each field. Plant biomass and
species richness were measured in eight 0.5 x 0.5 m plots along a single transect
across each margin in August 1995.

A replicated, controlled study in 1994-1996 near Hannover, Germany (29)
found higher numbers of spider (Araneae) species and individuals (peak 435
individuals/m?) in sown wildflower strips than in cereal fields. Spider abundance
varied throughout the year. Spider species richness increased from the first to
the third year following margin establishment. Abundance and population
dynamics of aphids (Aphididae) on wheat tillers differed between the years
(peak 7.5 aphids/tiller), but abundance generally increased with increasing
distance from the wildflower strips. Note that no statistical tests were presented
in this study. Two wildflower strips (1.5 x 30 m) were sown in two different
winter wheat fields in 1994, with a seed mixture containing 19 non-grass plant
species. The strips were cut annually after harvest. Spiders were sampled with a
D-Vac both in the strips and in the fields at defined distances from the strip.
Aphid numbers were assessed using tiller counts at the same sample sites.

A replicated study in summer 1996 in central Germany (30) found that both
species richness and abundance of spiders (Araneae) caught in sown wildflower
strips depended greatly on the species composition of the seed mixtures used.
Highest species richness was reported in plots containing phacelia Phacelia
tanacetifolia and Egyptian clover Trifolium alexandrinum (40 spider species) and
lowest diversity (30 species) in plots with phacelia, buckwheat Fagopyrum
esculentum, common sunflower Helianthus annuus and common mallow Malva
sylvestris. Spider abundance was highest in plots containing sundial lupin
Lupinus perenne and common vetch Vicia sativa in both pitfall traps and
photoeclectors (155/124 individuals), significantly higher than in both naturally
regenerated plots (97/56 individuals) and plots with fodder radish Raphanus
sativus oleiferus (104 /49 individuals). Note that most results in this study are not
statistically tested. Eight different types of strip with three replicates each were
tested: six seed mixtures contained mainly flowering plants (1-12 species), one
mixture contained mainly grass seeds (two species plus white clover T. repens)
and one naturally regenerated treatment. Spiders were sampled using two pitfall
traps and two photoeclectors in each plot.

A randomized, replicated trial from 1987 to 1991 in Oxfordshire, UK (31)
found that field margins sown with a wildflower seed mix had more spiders
(Araneae), but not more spider species, than naturally regenerated margins on
all dates. Cutting, especially summer cutting, significantly reduced the abundance
of spiders. Two-metre-wide field margins were established around arable fields
in October 1987. They were either left to naturally regenerate or sown with a
wildflower seed mix (17 wildflower species, six grass species, with a
wildflower:grass weight ratio of 1:4) in March 1988. Both treatments were
rotavated before sowing. Fifty-metre-long plots were managed in one of the
following ways: uncut, cut once in June with hay collected, cut April and June
with hay collected, cut in April and September with hay collected. There were six
replicates of each treatment. Spiders were sampled using a suction trap (D-Vac)
in September 1987 and 1988, and in May, July and September in 1989, 1990 and
1991. This study was part of the same study set-up as (7,16,32,35,37,47,105).
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A randomized, replicated trial from 1987 to 1996 in Oxfordshire, UK (32),
found no difference in the number of pseudoscorpions (Pseudoscorpionida)
between naturally regenerated field margins and those sown with a wildflower
mix. More pseudoscorpions (Chthonius ischnocheles and C. orthodactylus) were
found in unmanaged field margin plots (95 pseudoscorpions in total on sown and
unsown plots) than in cut treatments (19-53 pseudoscorpions). Plots cut in
spring and summer had fewer pseudoscorpions than other margins (19
pseudoscorpions on sown and unsown plots). Plots cut just once in June or cut
twice but not in June had intermediate numbers of pseudoscorpions (29 and 53
pseudoscorpions respectively). Pseudoscorpions were sampled from the litter
layer (not the soil) using a suction trap (D-Vac) in May, July and September 1995
and 1996. This study was part of the same study set-up as (7,16,31,35,37,47,105).

Two replicated trials from 1995 to 1998 in Hertfordshire and Hampshire,
UK (33) monitored flower-visiting insects on sown flower strips. One trial
(Hampshire 1995-1998) found more flower-visiting insect species and plant
species on strips sown with a wildflower mix than on a naturally regenerated
margin or a margin sown with wild bird cover mix in 1998. One trial
(Hertfordshire 1996-1997) found plots sown with six annual plant species were
visited by 39 invertebrate species (including bees Apidae, flies Diptera and
butterflies Lepidoptera) in the summers after sowing. Wildflower strips
attracted 24 invertebrate species, compared to 14 and 19 species on the wild
bird strip and naturally regenerated strip respectively. There were 24 flowering
plant species on the wildflower strips, compared to 20 and 16 on the wild bird
strip and naturally regenerated strip (Hampshire). Five plant species attracted
many insects or species: wild carrot Daucus carota, black knapweed Centaurea
nigra, oxeye daisy Leucanthemum  vulgare, bird’s-foot trefoil Lotus
corniculatus and black medick Medicago Ilupulina. Butterflies only visited
phacelia Phacelia tanacetifolia, borage Borago officinalis and marigold Calendula
officinalis out of six plant species sown in the Hertfordshire study. Short-tongued
bumblebees, buff-tailed Bombus terrestris/lucorum and red-tailed bumblebees B.
lapidarius/ruderarius, were the most abundant wild bee visitors, and bees were
most numerous on phacelia, borage and (second year only) cornflower
Centaurea cyanus. Five field margin strips were established in the Hampshire
study in 1995, three sown with perennial grass and wildflower mix, one with
wild bird mix, one naturally regenerated. In the Hertfordshire study, four plots
were sown with six annual plant species in 1996 and 1997. In both studies, the
number of flowers, flower-visiting bees, wasps (Hymenoptera), flies and
butterflies were counted (monthly from May-August 1998 in Hampshire study,
several times a week in Hertfordshire study). The Hertfordshire study was part
of the same study as (48).

A 1999 review of research into field margins in northwest Europe (34)
found that numbers of invertebrates and small mammals increased with the
establishment of wildflower margins. Three studies reported that 1-1.5 m-wide
flower strips resulted in higher numbers of invertebrates within the strips and
field as a whole (Klinger 1987, (4), Nentwig 1992). One study in Switzerland
found that 3 m strips were used intensively by small mammals and resulted in a
population increase of common shrew Sorex araneus in spring and summer
(Baumann 1996).
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A replicated, randomized study in Oxfordshire, UK (35) found that from
1995 to 1996 total numbers of invertebrates and leafhoppers
(Auchenorrhyncha) were significantly higher in sown wildflower margins than in
unsown, naturally regenerated margins. Cut plots (cut in summer alone, spring
and summer or spring and autumn) had significantly lower numbers of all
invertebrates, spiders (Araneae), true bugs (Heteroptera) and leathoppers than
uncut plots in all seasons, apart from spiders and true bugs in May. Numbers of
all invertebrates were significantly higher in treatments cut twice a year than
annually. Cutting in spring and autumn resulted in higher numbers of
invertebrates. The abundance of spiders was significantly higher in plots cut bi-
annually in spring and autumn than in spring and summer (in July and
September samples). Existing field margins (0.5 m wide) were extended by 1.5 m
in October 1987. These were rotavated and left to naturally regenerate or sown
with a wildflower seed mix. Six management treatments were applied with six
replicates in a randomized block design on fifty metre-long plots: uncut, cut once
in summer, cut spring and summer, cut spring and autumn, cut spring and
summer (hay left lying), sprayed once a year in summer. Invertebrates were
sampled using a D-Vac suction sampler at 10 m intervals along each plot in May,
July and September in 1995-1996. This study is part of the same study design as
(7,16,31,32,37,47,105).

A 1999 review of literature (36) found four experimental studies
(5,11,14,26) have found higher numbers or species diversity of ground beetles
(Carabidae) in sown wildflower strips in cereal fields.

A replicated, randomized study from 1987 to 1992 in Oxfordshire, UK (37)
found that species richness and abundance of sown plant species were higher in
1.5 m-wide extensions to margins than the original margin sections (0.5 m-
wide). Species richness of sown wildflowers was significantly higher in new
compared to old sections (3.6-6.3 vs 0.1-0.9/species quadrat), frequencies of
species showed the same pattern. After three years, the original margin sections
only had 20% of the species found in the new margins. Cutting in spring and
autumn increased the number of species (6-7/quadrat), whereas under other
treatments numbers declined sharply in the first year after sowing (from 6 to 4
species) and remained significantly lower (uncut: 4, summer cut: 3-4,
spring/summer cut, 4-5). There was no significant difference between numbers
in margins cut once or uncut. Individual species showed a range of responses to
cutting regimes. Plants were sampled in three permanent quadrats (50 x 100 m)
at 10 m intervals in existing and new sections of margins. Relative frequencies
were recorded as presence/absence in eight sub-sections of the quadrat four
times/year from July-September. This study is part of the same study design as
(7,16,31,32,35,47,105).

A randomized, replicated controlled trial from 1993 to 1996 near Bristol, UK
(38) found that 4 m-wide field margins sown with a nectar flower mixture had
more suction-sampled invertebrates, but not more ground beetles (Carabidae),
than control cropped margins or margins sown with grass. There were around
200 invertebrates/sample on margins sown with a wildflower/grass mix and
naturally regenerated margins, compared to 110-130 invertebrates/sample on
control or grass-sown plots. Wolf spiders (Lycosidae) were more abundant on
grass and wildflower-sown margins than on control or naturally regenerated
margins (numbers not given). There was no difference in the number of ground
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beetle species (average 8 species/plot), nor in the numbers of the four most
commonly caught ground beetle species, between margin types. In a 2 m-wide
margin, there were more over-wintering invertebrates in the soil of the
wildflower-sown half than the naturally regenerating half, but this difference
was not found in 4 m-wide replicated experimental plots. Three field margins
were established in spring 1993. Experimental plots 10 x 4 m were either sown
with arable crop (control), rye grass Lolium perenne or a wildflower and grass
seed mix, or left to naturally regenerate. There were three replicate plots in each
margin. All plots were cut annually after harvest, and cuttings left in place.
Another 100 x 2 m wide field margin, 50 m sown with a wildflower mix and 50 m
unsown, was used to monitor wintering invertebrates. Ground beetles were
sampled in eight pitfall traps in or near each margin, for one week in June for
four years. Invertebrates were sampled using a vacuum sampler on plots in two
of the three margins in June 1994. Arthropods were extracted from soil samples
taken from plots in two margins in December 1993 and February 1994.

A replicated study in 1994-1996 near Gottingen, Germany (39) found no
significant differences in the body mass and sex ratio of red mason bees Osmia
rufa in sown wildflower strips on set-aside land compared to field margins
(mostly naturally regenerated) and three types of grassland. Overall, female
body mass was correlated with flower availability. Sex ratio was correlated with
female body mass, relatively more female larvae were found in habitats with
large females. Ten artificial nesting aids for solitary bees were placed in five
arable habitats (set-asides sown with wildflower seed mixes, mostly naturally
regenerated field margins, extensive bio-dynamic grasslands, chalky grasslands
and orchard meadows). There were three replicates in each habitat type.
Unparasitized cocoons of Osmia rufa were weighed and sex determined in the
lab. This study is part of the same study set-up as (27).

A 2000 literature review (40) looked at which agricultural practices can be
altered to benefit ground beetles (Carabidae). It found four studies (1,4,11,14)
showing that wildflower strips increased ground beetle numbers in adjacent
cereal fields.

A replicated, controlled study in summer 1997 and 1998 in Switzerland (41)
found that the number of spider (Araneae) and butterfly (Lepidoptera) species in
wildflower strips sown on set-aside areas did not differ significantly from winter
wheat fields. The number of spider species in wildflower strips was among the
lowest reported (average 20 species), significantly lower than in low-intensity
meadows (more than 25 species) and forest edges (more than 35 species).
Butterfly species richness in the wildflower strips (more than 6 species) differed
significantly only from forest edges (less than 4 species). However, for both taxa,
wildflower strips attracted some species that were never or only rarely found in
other habitats. The investigated habitat types were forest edges, arable fields
(winter wheat and intensively managed meadow) and ecological compensation
areas including hedgerows, extensively managed and low-intensity meadows,
wildflower strips on set-aside land and orchard meadows. There were 109 sites
in two arable regions. Spiders were collected in pitfall traps in May and June
1997. Butterflies were observed during six visits (10 minutes, covering 0.25 ha)
in each site in 1998. This was part of the same study as (54).

A replicated, controlled study in winter 1995-1996 in northwest
Switzerland (42) found significantly higher abundances of arthropods in sown
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wildflower strips than in adjacent arable habitats in two of three paired sites on
two arable farms. Species numbers were generally higher in the wildflower
strips but this was not statistically tested. Many of the most frequent arthropod
species were pest predators, e.g. rove beetles (Staphylinidae), ground beetles
(Carabidae) and spiders (Araneae). Two of the wildflower strips (5 years old, 4-5
m-wide) were paired to winter wheat fields on an integrated farm. Both strips
were sown with grass-clover mixtures and an additional 14 wildflower species
and cut 2-3 times a year. The third wildflower strip (2 years old, 3 m-wide) was
on an organic farm and paired to a ploughed strip (formerly wildflower strip, 6
months old). In each habitat, 24 soil samples were taken three times during the
study period using a soil borer (25 cm depth, 8 cm diameter). In arable habitats,
soil samples were taken 30 m parallel to the field margins.

The initial findings of a controlled, replicated site comparison study of the
Swiss Ecological Compensation Areas scheme in 1999-2005 in Switzerland (43)
found more ground beetles (Carabidae) and ground beetle species in wildflower
strips than in adjacent arable crops. The same was true for ground beetle species
with specific habitat requirements. Ground beetles were sampled using funnel
pitfall traps on 11 wildflower strips and comparison crop strips. Plants, ground
beetles, spiders (Araneae), butterflies (Lepidoptera), grasshoppers (Orthoptera)
and breeding birds were monitored on grasslands in three case study areas of
around 5 km?Z.

A replicated, controlled study in April to July 1999 in Witzwil, Switzerland
(44) found higher species richness of ground beetles (Carabidae) and spiders
(Araneae) in three sown wildflower strips than in adjacent crop fields. However,
the number of individuals was generally lower in strips than in the crop.
Abundance and species richness of specialist species was clearly higher in strips
than crop fields for both ground beetles and spiders. On some of the sites, species
richness (especially for spiders) appeared higher in the edge samples of the crop
fields than in the centre. Note that no statistical analyses were performed on the
data in this study. Wildflower strips (two, five and six-years-old) were sown with
a mixture of 38 native wild and cultivated plant species and were not managed
during the sample period. The crop fields (winter wheat, summer wheat and rye)
were treated with pesticides in autumn 1998 and spring 1999. Ground beetles
and spiders were caught in pitfall traps. Four traps each were placed in the
wildflower strip. In the crop field, traps were placed 15 and 70-100 m from the
wildflower strip.

A site comparison study in 1996 in Wiltshire, UK (45) found that coppiced
and gapped-up hedges had higher plant diversity than those with adjacent sown
grass and grass/wildflower strips. Hedges with adjacent sown strips had lower
abundances of pernicious weed species. Sixty hedgerows on two neighbouring
arable farms were studied. All 23 sampled hedges on Noland’s Farm were
trimmed annually and had the vegetation at the hedge base cut. The 37 sampled
hedges on Manor Farm were trimmed in alternate years, and nine were coppiced
and gapped-up. Hedge vegetation was assessed in 25 m-long plots in the middle
of a field edge, on both sides of each hedge in June.

A replicated study in 1993 in Germany (46) found that one-year-old set-
aside fields sown with phacelia Phacelia tanacetifolia had similar numbers of
bees (Apidae), but fewer bee species (13 species/field on average), than one- to
five-year-old naturally regenerated set-aside fields (15-29 species/field). Bees
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found on phacelia were mainly common species of bumblebee Bombus spp. and
the solitary bee genus Lasioglossum spp., whereas several endangered and
specialized bees were found foraging on naturally regenerated set-aside. The
percentage cover of flowers did not differ between ages of set-aside, but was
higher (more than 25% cover of flowers) in phacelia-sown set-aside fields and
old meadows than on naturally regenerated set-aside (around 10%). The
following field types were studied: one- to five-year-old naturally regenerated
set-aside fields, one-year-old phacelia-sown set-aside fields, >30-year-old
orchard meadows. There were four replicates of each field type, with a total of 28
sites. Fields were set-aside after harvest in autumn and mown in July. Orchard
meadows were mown once or twice in June-August. Between May and August
percent flower cover was estimated on five occasions. Bee species and the
flowering plant species visited by the bees were surveyed six times between
April and August on 30 minute transects in each field.

A randomized, replicated trial from 1987 to 1996 in Oxfordshire, UK (47)
found no difference in numbers of the predatory sheet web spider Lepthyphantes
tenuis between field margins sown with a wildflower mix and naturally
regenerated margins. In September, when most of the spiders were caught, there
were significantly fewer L. tenuis individuals in margins (sown and unsown) that
were cut in June (around 10 individuals/m?) compared to more than 15/m?2 in
plots cut in spring and autumn, or not cut. In May and July, plots with a recent cut
(April- or June-cut treatments respectively) also had lower numbers of L. tenuis
than other plots. L. tenuis individuals were counted in invertebrate samples
collected using a suction trap (D-Vac) in May, July and September 1990, 1991,
1995 and 1996. This was part of the same study design as (7,16,31,32,35,37,105).

A replicated study in 1996 and 1997 in Hertfordshire, UK (48) (same study
as (33)) found that plots sown sequentially from mid-April to mid-July with a mix
of six annual flowering species (cornflower Centaurea cyanus, common mallow
Malva sylvestris (both native), borage Borago officinalis, buckwheat Fagopyrum
esculentum, marigold Calendula officinalis and phacelia Phacelia tanacetifolia)
provided continuous forage for pollinators from mid-June to mid-November. The
mix attracted 15 bee (Apidae), 17 fly (Diptera) and six butterfly (Lepidoptera)
species and the common wasp Vespula vulgaris. The most numerous insects were
the honey bee Apis mellifera and red-tailed bumblebee Bombus lapidarius/B.
ruderarius (not distinguished in the study). Abundance of flies varied over the
season, while abundance of butterflies was low. Butterflies and bumblebees
Bombus spp. preferred borage and phacelia, while solitary bees and flies
preferred marigold. Mallow and buckwheat did not contribute much to flower
density or pollinator diversity. Four plots (22 x 14 m or 20 x 13 m) were sown
each year (91 or 22 kg/ha) at monthly intervals, then harrowed and irrigated as
necessary. Flower density was recorded weekly in four random 1 m? quadrats in
each plot. Pollinators were recorded in the outer 3 m of each plot on 21-34 days
from mid/end of-June to end of October/beginning of November.

A replicated study from April to September 1995 near Gottingen, Germany
(49) (same study as (23,24)) found that sown wildflower strips had higher plant
species richness and could suppress the abundance of aggressive arable weeds.
However, arthropod species richness and abundance in wildflower strips did not
differ from the other margin types. Both the abundance and species richness of
arthropods found on red clover Trifolium pratense plants in wheat fields
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decreased with increasing distance from the margins, however the decrease in
abundance was less pronounced in fields with sown wildflower strips where
dispersal from the margin into the field was higher than for control margins. Five
margin types (3 m wide, 100-150 m long) around four cereal fields were
studied: sown with a mixture of 19 wild flower species, sown with a phacelia
Phacelia tanacetifolia mixture, one-year-old naturally developed, six-year-old
naturally developed, control strips sown with winter wheat or oats. Potted plants
of mugwort Artemisia vulgaris (four pots/margin) and red clover (three
pots/margin) were used to study plant-arthropod communities. Red clover pots
were also arranged in cereal fields at 4, 8 and 12 m from wildflower strips to
assess dispersal. Mugwort pots were set out in May and visited weekly to count
all arthropods feeding inside the plants, leaf miners and galls. In September, the
plants were dissected and all larvae and pupae found inside the plants were
individually reared in the lab to estimate parasitization rates. Red clover pots
were set out in April. At five visits in June and July, flower heads were sampled,
dissected and larvae and pupae found inside the plants were reared in the lab for
species determination.

A 2002 review (50) of two reports (Wilson et al. 2000, ADAS 2001)
evaluating the effects of the Pilot Arable Stewardship Scheme in two regions
(East Anglia and the West Midlands) from 1998 to 2001 found that ‘wildlife seed
mix’ benefited plants, bumblebees Bombus spp., bugs (Hemiptera) and sawflies
(Symphyta), but not ground beetles (Coleoptera). The wildlife seed mix option
could be nectar and pollen mix for pollinators or wild bird seed mix, and the
review does not distinguish between these. The effects of the pilot scheme on
plants, invertebrates (bumblebees, true bugs, ground beetles, sawflies) and birds
were monitored over three years, relative to control areas, or control farms. Only
plants and invertebrates were measured within individual options. Wildlife seed
mix was the least widely implemented option, with total areas of 106 and 152 ha
in East Anglia and the West Midlands respectively.

A replicated trial in Switzerland from 1996 to 1999 (51) found 26 honey
bees Apis mellifera/m? and 0.2 bumblebees Bombus spp./m? foraging on a plot
sown with phacelia Phacelia tanacetifolia in 1996. Two plots sown with 50%
white clover Trifolium repens, one in each of 1998 and 1999, had 1.7 and 3.9
foraging honey bees/m? respectively. All three plots were located on one trial
farm, plots measured approximately 0.3 ha. Five to six honey bee colonies were
established adjacent to the plots several days before surveying.

A small-scale replicated, controlled trial in summer 2000 in North Yorkshire,
UK (52) found significantly more bumblebees Bombus spp. and butterflies
(Lepidoptera) on four 6 m-wide margins sown with a grass and wildflower seed
mix than on four naturally regenerated, grass-sown or control cropped margins.
Spring numbers of ground beetles (Carabidae) and ground-dwelling spiders
(Araneae) were higher in all treatments compared with cropped margins.
Margins sown with a grass and wildflower mix harboured more pollen beetles
Meligethes spp. than naturally regenerated margins. Plant diversity was higher in
margins sown with a grass and wildflower mix. Four margins of winter cereal
fields (all adjacent to hedges) on two farms were split into 72 m-long plots and
sown in September 1999 with either a grass mix, a grass and wildflower mix,
cereal crop or left to regenerate naturally. Ground and canopy-dwelling
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invertebrates, bumblebees, butterflies and plants were surveyed from late April
to late September 2000 using pitfall traps, sweep netting, transects and quadrats.

A small-scale study in 1994 in Vestby, Norway (53) found the number of
bumblebees Bombus spp. visiting a single 2 x 210 m strip sown with phacelia
Phacelia tanacetifolia peaked at 237 individuals (0.6 bumblebees/m?2) on 17 July,
and gradually declined to 93 bumblebees (0.2/m?%) on 28 July. Maximum
numbers of honey bees Apis spp. foraging on the phacelia strip were recorded on
14 July with 3,739 honey bees (9.0/m?), honey bee abundance declined steadily
after 18 July with the lowest numbers recorded on 28 July (22 honey bees). The
strip was sown in May 1994 along the boundary of a cereal field and a ‘habitat
island’ (area of semi-natural habitat within the farmed landscape). Bees were
surveyed over a three week period (5-28 July).

A site comparison study in 1997 and 1998 in the region of Rafz, Switzerland
(54) (part of the same study as (41)) found that butterfly (Lepidoptera) species
richness was significantly higher in wildflower strips planted as Ecological
Compensation Areas than in intensively managed wheat fields. Eleven
wildflower strips and 20 wheat fields were sampled. Butterflies were observed
for ten minute periods on 0.25 ha of each site, on five occasions from May to
August 1998, between 10:00 and 17:30 h on sunny days with temperatures of at
least 18 °C.

A replicated trial in 2001-2002 at three sites in the UK (55) found that
margins of sugar beet Beta vulgaris fields sown with wildflowers had more plant
species, but not more invertebrates (individuals or species) than margins sown
with grasses, crops, or margins left to naturally regenerate. Wildflower margins
had 35 plant species/m, compared to around 17 spp./m in naturally regenerated
margins, 15 spp./m in grass margins and 6-11 spp./m in barley Hordeum vulgare
or beet margins. Fertilized wildflower-sown margins, tested at two sites, had
fewer species than those without fertilizer, around 30 plant species/m. Naturally
regenerated margins had more invertebrate individuals (>1,700 caught) and
invertebrate groups (45 groups) than other margin types. However, the
difference in invertebrate numbers between different treatments was fairly
small (>900->1,700 individuals, 35-45 groups caught). In autumn 2001, 50 x 6
m margins at the edges of beet fields were planted in three beet growing regions
with either sugar beet, spring barley, grasses (eight species), wildflowers (20%
of seeds by weight, from 20 species) or allowed to naturally regenerate. At two
sites, a sixth margin of wildflowers with nitrogen fertilizer applied was
established. There were two replicates of each treatment at each site. In summer
2002, plants (including crop plants) were counted in the margins, and
invertebrates sampled using pitfall traps, set for two weeks.

A replicated, controlled before-and-after study from 2000 to 2002 in winter
cereal fields on four UK farms (56) found no significant effects of flower-rich
margins or an aphid sex-pheromone treatment (nepetalactone, designed to
enhance Aphidiinae parasitoid wasps that use aphids as their hosts) on aphid
populations due to cold and wet weather at the beginning of summer 2001,
resulting in small parasitoid populations. Invertebrates were sampled by in situ
counting, suction-sampling, pan-traps and pitfall traps along four transects in
three fields (with or without wildflower-rich/tussocky grass margins) on each
farm. Sex-pheromone was released from formulated strips in the grassy field
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margin in autumn and in the crop in spring, starting autumn 2000. This study
was part of the same experimental set-up as (60).

A replicated, controlled study from 1988 to 1997 in south-central Sweden
(57), found higher plant species richness in two plots sown with wildflowers (32
wildflower and grass species) than in plots planted with rose bushes Rosa
canina, sown with a clover Trifolium pratense and grass seed mix, or in adjacent
untreated field boundaries (control), nine years after establishment. At the third
site (organic), plots sown with wildflowers and/or planted with rose bushes had
lower weed and couch grass Elytrigia repens cover compared with untreated
field boundaries, naturally regenerated plots and plots sown with a clover and
grass mix, seven years after establishment. In two of the field boundaries, total
weed cover decreased in all treatments except ‘clover and grass’ where it
remained stable or increased. Couch grass cover increased in all treatments in
two of the boundaries. Plant species richness tended to decline in most
treatments over time, however in experimental plots sown with wildflowers
and/or planted with rose bushes, 14-20 of the original 32 wildflower species
were still present seven or nine years after establishment. In ‘clover and grass’
plots the clover component decreased or totally disappeared, while sown and
unsown grasses and weeds increased. At the organic site, wildflower sown plots
and naturally regenerated plots had similar species richness but different species
compositions due to a high cover of annual weeds in the naturally regenerated
plots. Four replicates of three-four treatments were established in experimental
plots on each field boundary in 1988 or 1990, either by widening an existing
boundary or re-establishing a previously removed dirt road (organic site). All
plots were cut annually in late summer and the cuttings removed. Vegetation
surveys were carried out twice in experimental plots (1991-1993 and 1997) and
once in untreated field boundaries (1997) in three to five 0.25 m2 quadrats. It is
not clear whether the results for clover and grass plots were a direct result of
planting nectar flowers or grass.

A replicated, controlled trial in 2000-2002 in North Yorkshire, UK (58)
found that 6 m-wide field margin plots sown, or half-sown with a native ‘grass
and wildflower’ seed mix supported significantly more bumblebees Bombus spp.
than margins sown with a ‘tussocky grass’ mix, or control cropped field margins.
Wildflower-sown margins supported significantly more bumblebees than
naturally regenerated margins, but only in the first year of the three-year study,
and this difference was not significant when data were averaged across all three
years. Wildflower sown margins supported consistently high numbers of
bumblebees, whereas naturally regenerated margins had one bumper year for
bumblebees and were poor in the other two years. The three most popular
forage plant species were cornflower Centaurea cyanus, bird’s-foot trefoil Lotus
corniculatus and spear thistle Cirsium vulgare. The study was carried out on
three arable field margins of one farm. Each margin was split into five 72 x 6 m
plots and each plot subjected to one of five treatments: naturally regenerated,
sown tussocky grass mix, sown grass and wildflower mix, split treatment of 3 m
tussocky grass and 3 m grass and wildflower mix, or cropped to the edge.
Bumblebee activity was surveyed using a standard ‘bee walk’ methodology.

A replicated, controlled study in May to September 2000 and 2001 in the
suburban area of Vienna, Austria (59) found more ground beetle (Carabidae)
species in sown wildflower strips on set-aside land than in arable fields and on
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unsown set-asides. Ground beetle community composition differed between the
three habitat types. No statistical analyses were presented in this paper. There
were six farmland sites. Wildflower strips (four sites) were sown on set-aside
land with the “Voitsauer” seed mix containing 25 species of wildflowers and
weeds between 1998 and 2000. The two unsown set-asides aged six and >50-
years-old were cut regularly. Typical crops for the region were sown on five
arable fields. One of the arable fields was under conservation contract, growing a
wildflower seed mix undersown in rye. Ground beetles were sampled using four
pitfall traps 10 m apart in each habitat and site. There were five sampling
periods each year, each lasting two to three days (2001) or seven days (2000).

A series of three replicated, controlled studies from 2000 to 2003 in the UK
(60) monitored beneficial invertebrates and aphids (Aphidoidea) in crop fields
with and without wildflower margins. All three studies found some beneficial
invertebrates were more abundant in fields with flower-rich margins. One study
(2000-2003, four farms) found more ground beetles (Carabidae) and
Pterostichus spp. and smaller aphid populations in fields with flower-rich
margins than those with tussocky grass margins, or no margins. Numbers of
adult aphid-eating hoverflies were similar in winter wheat fields with and
without flower margins. In the same study in 2003 (four new locations with
different crop types, same study as (56)) more aphids were parasitized and there
were more parasitoids in a broccoli field with a flower-rich margin than in one
with control (no field margins) and areas treated with a pheromone to enhance
numbers of aphid-specific parasitoid wasps (Aphidiinae). In a 2002 study on four
fields, more predatory invertebrates were found next to flower-rich set-aside
strips than conventional field margins in mid-July (margins 24 m wide, including
phacelia Phacelia tanacetifolia, sunflowers Helianthus spp., yellow sweet clover
Melilotus officinalis). More cereal aphids, but fewer rove beetles (Staphylinidae)
were found next to flower-rich margins in wheat or pea fields respectively.
Cereal aphid numbers were unaffected by field margins. The study was
continued in four winter wheat and four pea fields. It found abundance of ground
beetles, Harpalus spp., field overwintering and predatory invertebrates and
ground beetle species richness was higher in pea fields with flower-rich set-aside
strips than fields with control margins. However numbers of field overwintering
invertebrates, predatory invertebrates, rove beetles, Pterostichus spp. and rove
beetle species richness were lower in wheat fields with wildflower strips. Pea
aphid Acyrthosiphon pisum abundance did not differ between pea fields with or
without set-aside strips. Numbers of some hoverflies or aphids were unaffected
by the presence of sown margins in all studies. Invertebrates were sampled using
a range of methods, including suction-sampling, pan traps and pitfall traps. The
2000-2003 study consisted of four transects in three winter wheat fields: one
field with wildflower-rich margin, one with tussocky grass margin, one with
neither.

A replicated study in 2000 and 2001 south of Bern, Switzerland (61) found
that most home ranges and core regions of common vole Microtus arvalis
territories lay within a six-year-old wildflower strip (91% total home range,
100% core region found within wildflower strip). Thus, vole activity in the
adjacent crop fields (maize and wheat in 2000, maize and sugar beet in 2001)
was very low. Vole home ranges in the wildflower strip were small (median size
125 m?) compared to findings from other studies and habitats. The authors
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suggest that an abundance of food in the wildflower strip may account for the
small range size. Daily home range sizes were stable between days (overlap of
61-99%). The wildflower strip (130 x 6 m) was dominated by tansy Tanacetum
vulgare, Fuller’s teasel Dipsacus fullonum, wild parsnip Pastinaca sativa and
grasses, and had not been mown. In total, 118 voles were captured using
Longworth traps. Radio-transmitters (2 g) were attached with a nylon cable
around the animals’ neck. Each vole was tracked every 60 seconds using
automatic telemetry for one to five days. Data from 40 voles tracked for at least
24 h with >100 bearings per day were analysed. Individual home ranges were
analysed in 2000 and 2001, in 2002 above ground activity patterns of 20 voles
were analysed.

A replicated study from 2001 to 2004 in Switzerland (62) showed that both
seed composition of wildflower mixtures and micro-climatic conditions
influenced the emerging plant community in sown wildflower strips. The
number of plant species established from sown mixtures was relatively high
(around 25 species/25 m?) in dry to moist sites, whereas fewer species (around
15 species/25 m2) established on wet or shady sites. Seed mixtures containing
high proportions (>75%) of grasses often resulted in grass-dominated margins.
Problematic weed species established but did not dominate any strip
community. No clear effects of cutting could be shown during the four study
years. Eighty wildflower strips on 35 farms were studied. The strips were hand-
sown in April and May 2001 with four types of seed mixture, each mixture
adapted to the micro-climatic conditions at the site: mixture with legumes,
mixture without legumes, grass component of 75%, grass component of 90%.
Additional strips were established in 2003 using seed mixtures with 20% or 40%
grasses. Strips were cut once, twice or not at all in their first year, and annually in
August from their second year onwards. Cuttings were removed. Half the strip
was left uncut. Vegetation was surveyed annually in June from the second year
after establishment.

A replicated, controlled, paired sites comparison in 2003 in central and
eastern England (63) found bumblebee Bombus spp. foraging activity and species
richness were significantly enhanced at 28 uncropped field margins sown with a
‘wildlife seed mixture’, compared to paired control sites of conventionally
managed cereal or 16 ‘conservation headlands’. Wildlife seed mixture margins
contained significantly more grass, non-grass and perennial plant species than
control sites, with over double the total number of species. Flowering
herbaceous plants were more abundant and diverse in wildlife seed margins, and
these margins provided the widest range of forage species. This result was
dependent upon key forage species being included in the seed mixture, including
red clover Trifolium pratense, bird’s-foot trefoil Lotus corniculatus and borage
Borago officinalis, the latter being of particular importance to short-tongued
bumblebee species such as Bombus terrestris and B. lucorum. The seed mixture
contained grasses, and annual and perennial broad-leaved herbs. Nineteen farms
were surveyed in East Anglia, and 17 farms in the West Midlands. Three agri-
environment scheme (Arable Stewardship Pilot Scheme) options were studied:
field margins sown with a wildlife seed mixture (28 sites), conservation
headlands with no fertilizer (16 sites), naturally regenerated field margins (18
sites). Fifty-eight conventional cereal field margins were used as a control, and
paired with Arable Stewardship Pilot Scheme sites. Bumblebees were surveyed
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along 100 x 6 m or 50 x 6 m transects twice, in July and August. Vegetation was
surveyed in twenty 0.5 x 0.5 m quadrats.

A replicated study in June and September 2002 in Yorkshire, UK (64) found
that beetle (Coleoptera) abundance and species richness were strongly
influenced by the type of seed mixture sown on experimental plots. A mix
containing mainly flowering plants but no tussock grass species (‘Fine grass and
forbs mix’) had fewer beetles and beetle species than a mix containing
wildflowers, fine and tussock grass species (‘Tussock grass and forbs mix’) and a
mix with tussock and fine grass species but no flowering plants (‘Countryside
Stewardship mix’). Beetle diversity (Shannon-Weiner index) did not differ
between the different seed mixes. Plant communities in the grass-only and
tussock grass and wildflower mixes were more similar to each other than to the
fine grass and wildflower mix. The three seed mixtures were each randomly
sown on three of nine experimental plots in each of five blocks on one farm in
autumn 2001. Plots measured 25 x 5 m. Seed mixes contained 3-7 grass and 0-
19 wildflower species. The strips were cut once in July with cuttings left in situ.
Plant diversity and cover and vegetation structure were surveyed in June and
September 2002 using 0.5 x 0.5 m quadrats and a ‘drop disk’. Beetles were
sampled using a Vortis (Burkland Ltd., UK) suction sampler. Five samples (15
suctions for 10 seconds) were taken in each plot (total area sampled 1.32 m?2) on
each visit. This study was extended in (91).

A replicated study in 2005 in the province of South Holland, the Netherlands
(65) found that natural enemies (parasitoids, hoverflies (Syrphidae) and
predatory bugs (Hemiptera)) were generally more abundant near sown flower
strips than further into the crop. There were no clear effects of sown field
margins and flower strips on pest populations. No figures were presented. A total
of 15 km of perennial field margins and flower strips were sown along field
edges and across fields on five neighbouring farms in a 400 ha area. Flower
availability, natural enemy and key pest densities were measured in 2005.

A replicated study from 2000 to 2006 in England (66) found red clover
Trifolium pratense and other legumes tended to establish well after hay, rich in
red clover, was spread over former arable fields, however seeds of these species
may already have been present in the seedbank. Leguminous species tended to
increase in abundance in three fields between 2003 and 2006 (red clover
present in 18-55% quadrats in 2003, 44-90% of quadrats in 2006). However, in
the two other fields, both red and white clover T. repens decreased (red clover
present in 25-34% quadrats in 2003 to 2-11% in 2006, white clover 25-97% in
2003 to 22-48% in 2006). Of the undesirable weeds, creeping thistle Cirsium
arvense (87-98% in 2003 to 37-94% in 2006) and spear thistle C. vulgare (10-
54% in 2003 to 0-38% in 2006) tended to decrease in abundance between 2003
and 2006. Common ragwort Senecio jacobaea increased in three fields (0-15% in
2003 to 6-36% in 2006) and declined in one (19% in 2003 to 0% in 2006). Hay
and cuttings were obtained from nearby farms and the study site and were
spread over fields once between April and August 2000-2003. Fields were
summer grazed by livestock. The presence of species was recorded in 100
random nested quadrats (1 x 1 m and 2 x 2 m) in each field until 2006.

A replicated trial in 2001-2003 on a farm in North Yorkshire, UK (67) found
highest bumblebee Bombus spp. abundance on plots sown annually with a cover
crop mix of five herbaceous species (including borage Borago officinalis, fodder
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radish Raphanus sativus and common melilot Melilotus officinalis). Short-tongued
bumblebees (B. terrestris, B. lucorum and B. pratorum) strongly preferred this
annual seed mixture over two perennial grass and wildflower seed mixes. Long-
tongued bumblebee species B. hortorum and B. pascuorum preferred the
perennial grass and wildflower seed mixtures, but were not more abundant on
the ‘diverse’ than the ‘basic’ mix. On average 70% of pollen collected by buff-
tailed bumblebee workers B. terrestris was from borage, and 76% of pollen
collected by common carder bee B. pascuorum workers came from red clover
Trifolium pratense. Five 6 x 30 m plots of each seed mixture were established in
April 2001 (the annual seed mixture plots re-sown each year after ploughing).
Bumblebees were monitored May-August 2002-2003 in 4 x 30 m transects down
the centre of each plot. Both perennial grass and wildflower mixes contained five
grass species, the basic mix contained three herbaceous species (black knapweed
Centaurea nigra, bird’s-foot trefoil Lotus corniculatus and red clover) and the
diverse mix contained 18 herbaceous species.

A replicated trial from 2001 to 2004 in Belgium (68), found that field
margins sown with wildflower mix had similar numbers of plant species to
naturally regenerated margins after three years. The number of plant species
decreased over time in sown plots (from 22-23 species/plot in July 2002 to 13-
16 species/plot in July 2004), and the proportion of legumes also decreased. The
relative abundance of perennial plants increased and the relative abundance of
annuals decreased over time on all the field margin plots, regardless of
treatment. In September 2001, 10 m-lengths of two 10 x 180 m arable field
margins were either sown with 77 commercially available wildflower/grass
species (mix 1), sown with 63 native, locally sourced wildflower and grass
species (mix 2) or left to naturally regenerate. One margin was in a sunny
location, the other shaded by trees. The margins were mown twice each year in
late June and September, from 2002 to 2004. Each combination of treatments
was replicated three times. Plants were recorded in July and October from 2002
to 2004.

A 2006 review on the effects of the Swiss Ecological Compensation Areas
scheme in Switzerland (69) found wildflower strips sown with native flowers on
set-aside land attracted ground beetle species (Carabidae) that were never or
only rarely found in wheat fields. No details on study design, monitoring
techniques or other methods were given.

A replicated, controlled study in September 2004 in four regions north of the
Alps in Switzerland (70) found slightly more montane water vole Arvicola
terrestris scherman hills in sown wildflower field margins than in conventional
field margins and sown wildflower strips on set-aside land. Significantly more
vole hills and holes were recorded in the different types of field margin than in
the crops or on the edge of crop fields. Montane water voles were the most
commonly recorded species (98% of observations), common voles Microtus
arvalis made up 2% of observations. The European mole Talpa europaea was not
recorded at any site. Three types of field margin were compared: 17 sown field
margins (5 x 120 m) established in 2001-2003 with seed mixtures containing
native wildflowers, grasses and legumes, 11 conventional field margins generally
species-poor and cut several times yearly (0.5-2 x 100-200 m), and seven
wildflower strips sown on set-aside land (at least 5 m wide and 120 m long). On
each site, nine plots (5 x 5 m) were investigated: three plots on the field margin,
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three on the edge of the crop field and three plots 10 m into the crop. Vole and
mole hills and holes were counted on three visits. Shape and distribution of the
hills and holes were used to distinguish between the three species.

A replicated, controlled study in 2002 and 2004 (April-July) in central
Switzerland (71) found more spiders (Araneae) and ground beetles (Carabidae)
in wildflower strips and extended field margins than in permanent road margins.
There were more ground beetle species in wildflower strips and extended field
margins than in road margins, whereas there were fewer spider species in
wildflower strips than in road margins. No statistical analyses were performed
on the data. Four extended field margins (one-year-old in 2002), four sown
wildflower strips (one to four years-old) and four permanent meadow strips
(road margins, less than 10 years old) in two different regions on 12 farmland
sites were compared. All sites were 100-250 m-long and 0.5-5.0 m-wide, except
for one 50 m-wide wildflower strip. No information was provided about seed
mixtures used for margin establishment, however the existing vegetation on the
sites was either grass dominated, or a species-poor to species-rich flora
dominated by flowering herbs. Arthropods were sampled using pitfall (funnel)
traps placed in groups of four at least 10 m apart in each site. The traps were
emptied weekly for three weeks in April-May and two weeks in June-July.

A replicated, controlled trial in 2004 in thirty-two 10 km grid squares across
England (72) found significantly more bumblebee species Bombus spp. in field
margins sown with wildflower or ‘pollen and nectar’ seed mixes (more than 3
bumblebee species/transect) than in grassy margins (1.3-1.4 spp./transect) and
control cropped margins (0.1 spp./transect). Pollen and nectar margins had
more individuals (86 bees/transect) than any other treatment. Wildflower
margins had more individuals (43/transect) than grassy (6-8/transect) and
control cropped margins (0.2/transect). Field margins were 6 m-wide and part
of agri-environment scheme agreements. Five field margin types were
investigated: grass and wildflower mix (sown between 1999 and 2003), ‘pollen
and nectar’-rich margin (sown between 2002 and 2003), grass mix (sown
between 1993 and 2000), grass mix (sown between 2002 and 2003), control
cropped margins. Wildflower mixes were variable in species composition but
typically consisted of perennial wildflowers, fine-leaved and tussock-grass
species, sown in an 80% grass:20% wildflower ratio by weight. ‘Pollen and
nectar’ mixes typically consisted of at least four nectar-rich wildflower species
(such as clover Trifolium spp. and bird’s-foot trefoil Lotus corniculatus) and four
grass species sown in an 80% grass:20% wildflower ratio by weight. All five
margin types were surveyed within each 10 km grid square (excluding the grass
and wildflower mix which was not present in all squares), giving a total of 151
margins. Bumblebees were counted on a 100 x 6 m transect in each field margin,
once in July and once in August.

A replicated, controlled study in the summer of 2003 in central Switzerland
(73) found higher densities of small mammals (mainly common voles Microtus
arvalis) in wildflower strips than in low-intensity meadows, conventionally
farmed artificial grasslands and autumn-sown wheat fields. Small mammal
species richness in wildflower strips was equal to that in conventionally farmed
habitats and low-intensity meadows, but lower than in herbaceous strips. Over
the summer, small mammal density increased most in the wildflower strips and
herbaceous strips than in low-intensity meadows, conventionally farmed
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artificial grassland and autumn-sown wheat fields. Wildflower strips (fallows
sown with seed mixtures of native plants) and herbaceous strips (consisting
mainly of herbaceous plants such as thistles Cirsium spp. common teasel
Dipsacus sylvestris, St John’s wort Hypericum perforatum, common mallow Malva
sylvestris and mulleins Verbascum spp.) were not cut regularly during the
growing season, whereas the other grassland habitats were cut at least twice. A
capture-recapture method was used to estimate small mammal densities. Small
mammals were trapped and individually marked during 60 hour trapping
sessions in March, May and July.

A replicated, controlled trial from 2001 to 2004 at six sites across central
and eastern England (74) found 6 m-wide margins of cereal fields sown with
pollen and nectar flower mixture supported significantly more foraging
bumblebee Bombus spp. species and individuals than cropped, grassy or
naturally regenerated field margins. Bumblebees included the long-tongued
species B. ruderatus and B. muscorum. Wildflower mixture supported
significantly more foraging bumblebee species and individuals than cropped field
margins, including conservation headlands, in all three years of monitoring, and
grassy or naturally regenerated unsown field margins in years two and three. In
the third study year (2004), wildflower and pollen and nectar mixtures
supported similar numbers of bumblebee species and individuals. Wildflower
margins had more flowers in May-June than July-August (approximately 4,200 vs
2,000 forage flowers/plot). Pollen and nectar margins had few flowers in May
and June when bumblebee queens of late-emerging species are foraging but a
large number of flowers in July-August (2,000 vs 9,000 forage flowers/plot). The
number of flowers declined in the nectar and pollen mix in year three. Flower
numbers remained similar between years two and three in the wildflower mix.
Native varieties of red clover Trifolium pratense and bird’s-foot trefoil Lotus
corniculatus flowered earlier than agricultural varieties. Two experimental plots
(6 x 50 m) were established in each field along two margins. There were six
treatments: wildflower mixture (21 native wildflower, four fine grass species),
pollen and nectar mixture (four agricultural legume, four fine grass species),
tussocky grass mixture, conservation headland, natural regeneration, crop
(control). Foraging bumblebees were counted May-late August, on 6 m-wide
transects 6-11 times/margin. Flower abundance was estimated along
bumblebee transects in 2002, 2003 and 2004.

A 2007 review of two studies in England (75) found that margins sown with
a nectar and pollen mix consistently attracted more foraging bumblebees
Bombus spp. than other field margin options. Two replicated controlled trials
(72,74) monitored the use of arable field margins sown with grass, wildflower
and pollen and nectar seed mixes. One used six sites (74), the other 32 sites (72).
Both studies found higher numbers of bumblebees on margins sown with pollen
and nectar mix, although the number of bumblebee individuals and species
increased over time in the wildflower mix in one study (74), and supported
higher numbers of some species in the other (72). The review recommends
pollen and nectar mix for a rapid and positive impact on the number of foraging
bumblebees, but suggests that wildflower mix is important in catering for a
wider range of bumblebee species across the whole season.

A replicated, controlled trial from 2003 to 2005 in eastern and central
England (76) found that forage patches sown with a 20% legume seed (clovers
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Trifolium spp. and bird’s-foot trefoil Lotus corniculatus): 80% grass mix attracted
significantly higher densities of bumblebees Bombus spp. than control patches of
non-crop vegetation typical of the site (average 26 bumblebees/200 m2 on sown
forage patches compared to 2 bumblebees/200 m2 on control patches). Honey
bees Apis mellifera and cuckoo bumblebees (Bombus [Psithyrus] spp.) were not
found in greater densities on forage patches. The study also showed that
bumblebee densities on sown forage patches were higher in areas with a greater
proportion of arable land in a surrounding 1 km-radius than in landscapes with
less arable and more grassland, woodland and urban habitats. Eight areas with
varying proportions of arable, grassland, woodland and urban areas in the
surrounding landscape were studied. Four treatments were established in each
area from autumn 2003 to spring 2004: sown forage patches of 0.25, 0.5 and 1 ha
and one control patch of non-crop vegetation typical of the area. Bumblebees and
honey bees were surveyed monthly from May to September 2005 on two 2 x 100
m transects in each forage patch.

A randomized, replicated, controlled trial from 2002 to 2006 in eastern
England (77) (same study as (82,83)) found that the number of birds using sown
wildflower margins in summer increased by 29% between 2003 and 2006. The
management of sown wildflower field margins affected bird use more than the
seed mix used. Bird densities were higher on disturbed and grass-specific
herbicide-treated plots than on cut plots (no actual bird densities given, only
model results). Bird densities were linked to densities of diurnal ground beetles
(Carabidae), especially in disturbed and grass-specific herbicide-treated plots.
Field margin plots (6 x 30 m) were established using one of three seed mixes:
Countryside Stewardship grass mix, tussock grass mix and a mixture of grasses
and wildflowers designed for pollinating insects. The margins were managed in
spring from 2003 to 2005 with one of three treatments: cut to 15 cm, soil
disturbed by scarification until 60% of the area was bare ground, treated with
grass-specific herbicide at half the recommended rate. There were five replicates
of each treatment combination at two farms. Birds were surveyed five to eight
times between April and July from 2002 to 2006.

A replicated trial from 2001 to 2005 across nine regions in Switzerland (78)
found that wildflower strips sown with a ‘locally adapted’ mix of grass and
flower species (species local to the area) had between 10 and 27 target plant
species/20 m2, and more butterflies (Lepidoptera), grasshoppers (Orthoptera)
and ground beetles (Carabidae) than conventionally cropped margins. The sown
‘locally adapted’ field margins had more butterfly and grasshopper species and
individuals than standard wildflower strips, and four to forty times more
grasshopper and butterfly species and individuals than conventional cropped
margins. There were, on average 3.0 unusual (not ubiquitous) butterfly species
and 5.4 unusual grasshopper species in the sown margins. Wildflower strips and
‘locally adapted’ sown field margins consistently had more ground beetle species
and individuals than conventional margins. Conventional margins tended to have
more spider (Araneae) species (statistically significant only in one region in
2002). The total abundance of spiders and ground beetles was highest in
wildflower strips (2,500-4,800 individuals/margin/year in total), followed by
locally adapted sown margins (2,000-4,000) compared with cropped margins
(1,000-2,000). Seventy field margins (5 x 120 m) were sown with seeds of up to
38 grass and wildflower species (‘locally adapted’ mix) in 2001 and 2003.
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Butterflies and grasshoppers were counted five times between May and August
2003 and 2005 on seven locally adapted sown margins, and compared with
standard wildflower strips, conventional cropped margins, extensively managed
sown hay meadows and biodiversity-rich meadows. Ground beetles and spiders
were sampled using pitfall traps for five weeks from April to July in 2002 and
2004 on four locally adapted sown margins, four standard wildflower margins
and four conventional margins. Plants were monitored on all locally adapted
sown margins in June 2002-2005.

A small replicated site comparison study in 2005 in Oxfordshire, UK (79)
found that field margins sown with a wildflower mix had fewer grasshopper and
cricket (Orthoptera) species and individuals than margins sown with a grass and
flower mix (floristically enhanced grassy margins). Wildflower margins had less
than four individual insects from one species/margin on average, compared to
10 individuals from four species on narrow grass and flower margins (2 m-
wide). They did not have more grasshopper/crickets than sown grassy margins,
or existing grassy tracks. The wildflower margins had the lowest grass cover
(less than 60%), compared to 100% for sown grass and flower margins. Three
replicates of five field margin types were monitored on a large mixed farm: grass
and wildflower mix (2 m), grass and wildflower mix (6 m), grass only mix,
wildflower mix, grassy track. Grasshoppers and crickets were surveyed using a
sweep net over two 20 minute periods in a 50 m-section of each margin, in late
July or August 2005.

A randomized, replicated, controlled trial from 2003 to 2006 in southwest
England (80) found that plots of permanent pasture sown with a grass and
legume seed mix attracted more birds and more bird species than control
treatments, in both summer and winter. Three plots (50 x 10 m) were
established on each of four farms in 2002, re-sown in new plots each year and
monitored annually from 2003 to 2006. Sown legumes included white clover
Trifolium repens, red clover T. pratense, common vetch Vicia sativa and bird’s-
foot trefoil Lotus corniculatus. This study was part of the same experimental set
up as (97).

A replicated, controlled trial in 2005-2006 in Warwickshire, UK (81) found
that field corners or margins sown with a wildflower mix had more plant species,
more bumblebees Bombus spp. (species and individuals) and more butterfly
(Lepidoptera) species than control plots sown with winter oats. There were 17
plant species/m?, 7 bumblebees and 2 bumblebee species/plot, and 5 butterfly
species/plot on average in wildflower plots, compared to 2 plant species/m2, no
bumblebees and one butterfly species/plot in cereal crop plots. Two declining
butterfly species, small copper Lycaena phlaeas and common blue Polyommatus
icarus were only found in wildflower plots. Wildflower plots did not have more
butterfly individuals, or more birds in winter (species or individuals) than
control crop plots. The wildflower mix (25 broadleaved non-grass species, four
grass species 10%:90% wildflowers to grasses by weight) was sown in August
2005 and treated with grass-specific herbicide in November 2005. Plots were cut
three times in 2006, and cuttings removed. Each treatment was tested in one
section of margin and one corner in each of four fields on one farm. Plants were
monitored in three 1 m? quadrats/plot in July 2006. Butterflies, bumblebees and
flowering plants were recorded in a 6 m-wide transect five times between July
and September. Farmland birds were counted on each plot on seven counts
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between December 2006 and March 2007. Results from the second year of
monitoring are presented in (89).

A randomized, replicated, controlled trial from 2002 to 2006 in eastern
England (82) (same study as (77,83)) found that field margins sown with a
flower mix designed for pollinating insects did not support more butterflies
(Lepidoptera) or bumblebees Bombus spp. than a floristically enhanced tussocky
grass seed mixture. There were 35-47 bumblebees of four species and 18-20
butterflies of six species/125 m? plot on average in margins sown with some
non-grass species in the mix, compared to 10 bumblebees of two species and 12
butterflies of five species on grass-only margins. Different types of management
did not affect the abundance of bees and butterflies or the number of butterfly
species, but there were more bumblebee species on plots treated with grass-
specific herbicide in spring (average 4 species/125 m2, compared to 3 species on
cut or disturbed plots). Field margin plots (6 x 30 m) were established in 2000-
2001 using one of three seed mixes: Countryside Stewardship mix (seven grass
species, sown at 20 kg/ha), tussock grass mix (7 grass species, 11 wildflowers,
sown at 35 kg/ha) and a mixture of grasses and wildflowers designed for
pollinating insects (4 grass species, 16-20 wildflowers, sown at 35 kg/ha).
Margins were managed in spring from 2003 to 2005 with one of three
treatments: cut to 15 cm, soil disturbed by scarification until 60% of the area was
bare ground, treated with grass-specific herbicide in spring at half the
recommended rate. There were five replicates of each treatment combination on
three farms.

A randomized, replicated, controlled trial from 2002 to 2006 in eastern
England (83) (same study as (77,82)) found that field margins sown with a
flower mix designed for pollinating insects supported fewer planthoppers
(Auchenorrhyncha) than those sown with a grass-only seed mixture. Flower-rich
sown margins had 25-40 planthoppers/plot on average (depending on
management), while grass-only margins had 30-70 planthoppers/plot. Field
margin plots (6 x 30 m) were established in 2000-2001 using one of three seed
mixes: Countryside Stewardship mix (7 grass species, sown at 20 kg/ha), tussock
grass mix (7 grass, 11 wildflower species, sown at 35 kg/ha) and a mixture of
grasses and wildflowers designed for pollinating insects (4 grass species, 16-20
wildflowers, sown at 35 kg/ha). The margins were managed in spring from 2003
to 2005 with one of three treatments: cut to 15 cm, soil disturbed by scarification
until 60% of the area was bare ground, treated with grass-specific herbicide in
spring at half the recommended rate. There were five replicates of each
treatment combination on three farms.

A replicated, controlled study from 2005 to 2008 in England and Scotland
(84) found the average number of worker bumblebees Bombus spp. was greater
on margins where legume-rich seed mix was established than on other field
margins (grassy margins or track edges). There was an observed decline in the
relative number of foraging worker bumblebees on legume-sown margins after
they had been established for more than three years (data from five farms). No
formal statistical analyses were performed on these data. On each of 41 farms,
four 100 x 2 m field margins were surveyed for bumblebees. Two of the margins
were sown with a legume-rich seed mix in either April 2005, 2007 or 2008. The
other two margins were track edges or grassy margins. Bumblebee surveys were
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made on all four margins on each farm from 2005 to 2008, twice in June/early
July and late July/early August.

A replicated, controlled study from 2001 to 2004 in the UK (85) found arable
margins sown with a legume-grass seed mix had more bumblebee Bombus spp.
forage plant species (almost 100% cover of Alsike clover Trifolium hybridum and
red clover T. pretense one year after establishment) over four years, compared to
naturally regenerated margins. The cover of Alsike clover declined from a peak
of approximately 33% in 2002 to 2.5% in 2004, whilst red clover cover peaked at
around 85% in 2003 and declined to 20% in 2004. Clover-sown plots were
invaded by perennial grasses including false oat grass Arrhenatherum elatius in
the third and fourth years of the study, when clover cover decreased
substantially. Bee visits were not reported in this study however the results of
fixed-time transect walks in the clover margins are reported in (Edwards &
Williams 2004), which found a 300-fold increase in bumblebee forager numbers
in the margins planted with clover, however no control count was carried out for
comparison. Two 6 m-wide margins were established on one farm, and
subdivided into three plots. There were two margin types: naturally regenerated,
or sown with a mixture of grasses and leguminous species including two species
of clover. Three different management treatments were applied to the subplots
in the first year (2001): cut three times with cuttings left, cut three times with
cuttings removed, cut six times with cuttings left. From 2002 to 2004, all plots
were cut in late summer and the cuttings removed. Forage plants were
monitored in 0.25 m?2 quadrats every 1 m along a 30 m transect in early August
2001, 2002, 2003 and 2004.

A replicated, controlled study in 2000-2003 in Norway (86) found that plant
species diversity was higher in strips sown with a grass/wildflower mixture than
strips left to regenerate naturally or in the grass crop. The number of plant
species was significantly higher in sown grass/wildflower strips (17-18
species/quadrat) than naturally regenerated strips (10-12 spp.) or the grass
crop (7-9 spp.). The same was true for the number of meadow herbs (sown: 7-
10 species, unsown: 1-3 spp., crop: 1 spp./quadrat). Plant diversity (Shannon
diversity index) was also significantly higher in sown grass/wildflower strips
than in either naturally regenerated margins or in the crop (sown: 1.8-1.9,
unsown: 1.3-1.6, crop: 1.0-1.3). Four of the 22 sown meadow wildflower species
did not establish. Naturally regenerated strips and the grass crop had many
species in common by the fourth study year, and grasses and perennial weeds
dominated in the crop and unsown strips. By the fourth year some sown species
were recorded in the unsown strips or grass crop and woody species from an
existing semi-natural margin were recorded in the sown strips. The total number
of plant species did not vary with distance from the existing margin. Four strips
(2 m-wide) were ploughed perpendicular to an existing semi-natural margin, in
May 2000. One half of each was left to regenerate naturally, the other half was
sown with a grass/meadow wildflower (22 species) seed mixture (5 g/m?).
Wildflower seeds were local to the area, grass seeds were cultivated varieties.
Sown strips did not receive fertilizer and were cut once (late September).
Permanent quadrats (0.5 x 0.5 m) were sampled in the grass crop and strips in
June 2000-2003.

A replicated, controlled site-comparison study in 2005 in the Netherlands
(87) found the number of flowers was 10 times higher in plots sown (or planted)
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with 17 insect-pollinated plant species than outside the plots (approximately
4,650 vs 480 flowers/plot within/outside flower plots respectively). The number
and diversity of bees (Apidae) and hoverflies (Syrphidae) was significantly
higher (60-80% higher) in flower plots than on control transects. Outside the
flower plots, hoverfly abundance was significantly higher 50 m away from the
flower plots but not at any other distance. The lowest numbers of bees and bee
species were recorded 50 m away from the flower plots. Seventeen species of
annual and perennial plants were either transplanted or sown in fenced 10 x 10
m plots at five locations in intensive farmland. Hoverflies and bees were
surveyed at 10 sampling locations along a 1,500 m transect running away from
each flower plot, and along five 1,500 m control transects. All transects ran
alongside ditches. Bees and hoverflies were sampled using window traps, yellow
water pans and nets four times between June and September 2004.

Two randomized, replicated studies from 2005 to 2007 in Yorkshire and
Warwickshire, UK (88) studied different ‘pollen and nectar’ seed mixes. The
Yorkshire study (2005-2007) looked at six different seed mixes and found two
agricultural varieties of red clover Trifolium pratense had the highest cover.
There were more flowers of sown plant species in an agricultural clover mix in
2005 and in wild Somerset red clover in 2006. There were more red clover
flowers in an agricultural mix in all three years. Bird's-foot trefoil Lotus
corniculatus flowers were more abundant in the first and third years in wild
Somerset red clover mix than in agricultural mixes. Plots measured 48 x 6 m and
were replicated twice. The Warwickshire study (2006-2007) (same study as
(103)) found butterfly (Lepidoptera) abundance and species richness were
highest in plots sown with lucerne Medicago sativa or red clover (3-6
butterflies/plot, 2-3.5 species vs 0-3 butterflies and 0-3 species for all other
plots). Phacelia Phacelia tanacetifolia plots had the highest number of
bumblebees Bombus spp. (39-134 bumblebees/plot), followed by borage Borago
officinalis (32-100). Phacelia, crimson clover Trifolium incarnatum, borage,
sunflower Helianthus annuus and red clover (2007 only) plots had significantly
more bumblebee species than all other plots in 2006 (3-4 vs 0-1 species/plot).
Short-tongued bees preferred phacelia and borage in both years. Long-tongued
bees preferred crimson clover, borage, phacelia or red clover. In the first year
there were more annual than perennial flowers. Flowering of many important
bee forage species peaked in late July. Thirteen annual and perennial plant
species were sown individually in 6 x 4 m plots, replicated four times in May
2006, annual species were re-sown May 2007. Butterflies and bumblebees were
surveyed six times in each plot (July-September 2006 and May-September 2007).
On each visit the percentage cover of all flowers was estimated.

A replicated, controlled trial from 2005 to 2007 in Warwickshire, UK (89)
(the second monitoring year of the same study as (81)) found that wildflower
plots had more plant species, bumblebees Bombus spp. and butterflies
(Lepidoptera) (individuals and species) than naturally regenerated or control
cereal plots, and more vacuum-sampled invertebrates than control plots.
Wildflower plots did not have more birds in winter than control plots. On
wildflower plots there were 10 plant species/m2, 63 bumblebees and 5
bumblebee species/plot, 18 butterflies and 6 butterfly species/plot, compared to
3 plant species/m2, 0 bumblebees, and 1 butterfly/plot on control cereal plots.
Control cereal plots had 254 vacuum-sampled canopy-dwelling invertebrates/m?
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on average, compared to 840-1,197/m2 on other treatments. Plants were
monitored in three 1 m? quadrats in each plot in June 2007. Butterflies,
bumblebees and flowering plants were recorded in a 6 m-wide transect six times
between July and September 2006 and 2007. Invertebrates in the vegetation
were vacuum-sampled in early July 2007. Farmland birds were counted on each
plot on four counts between December 2007 and March 2008. The crop control
in year two was winter wheat.

A replicated, controlled trial from 2002-2004 in County Wexford, Ireland
(90) found that 1.5-3.5 m-wide margins of permanent pasture fields fenced,
rotavated and sown with a wildflower seed mix had more springtails
(Collembola: Anthropleona), spiders (Araneae), flies (Diptera) and plant species
than control margins. Wildflower margins had 18 plant species/plot in July 2002,
decreasing to 11 plant species/plot in 2004, compared to less than 5 plant
species/plot throughout the study in control plots and unrotavated fenced
margins. Some undesirable weeds, such as broad-leaved dock Rumex obtusifolius,
established in rotavated plots, but were less abundant in plots sown with
wildflower mix (broad-leaved dock cover was 6-25% in wildflower sown plots
and 26-50% in naturally regenerated plots in 2002 and 2004). Grazing on half of
each plot from 2003 to 2004 (one year after margin establishment) did not affect
the number of plant species the following year. Plots were 30 m long (1.5-3.5 m-
wide), with three replicates of each treatment combination. The wildflower mix
had 10 grass species and 31 non-grass species. Plants were monitored in
permanent quadrats in July 2002, May and July 2003 and May 2004.
Invertebrates were sampled in six emergence traps/plot, between May and
September 2003. Ground areas under the emergence traps were sampled with a
vacuum sampler.

A replicated study in summer 2002-2004 and 2006 on three farms in
England (91) (study extended from (64)) found a greater abundance (but not
species richness) of herbivorous beetle species (Coleoptera) in seed mixtures
including wildflowers than in grass-only mixtures. However there were more
predatory beetle species and individuals in margins containing tussock grass
species regardless of whether the mixture also included wildflowers. Margin
management (i.e. soil scarification) also had a positive effect on species richness
of predatory beetles. Three different seed mixtures were sown: grass only,
tussock grass and wildflowers, fine grass and wildflowers. Each of the seed
mixtures was randomly sown on three of nine experimental plots (25 x 5 m) in
each of five blocks on three farms in autumn 2001. From 2003, three different
management practices were applied in each replicate block in May each year:
cutting the vegetation to 10-15 cm, application of grass-specific herbicide
(Fuazifop-p-butyl) at 0.8 1/ha, and scarification of 60% of the soil surface. Plant
diversity and cover and vegetation structure were surveyed yearly in June using
0.5 x 0.5 m quadrats and vertical drop pins. Beetles were sampled using a Vortis
suction sampler (75 suctions of 10 seconds each) over a fixed area (equivalent to
1.45 m?) in each plot on each sampling date. Rove beetles (Staphylinidae),
ground beetles (Carabidae), ladybirds (Coccinellidae), leaf-beetles
(Chrysomelidae) and weevils (Curculionoidea) were determined to species level
and categorized as herbivorous or predatory.

A site comparison study between 1997 and 2004 in central Switzerland (92)
found wildflower strips sown with 20-40 species contained significantly more
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(8-60% more) plant, butterfly (Lepidoptera), ground beetle (Carabidae) and
spider (Araneae) species than crop fields in the same region. Estimated total
numbers of species were 149 (plant), 19 (butterfly), 85 (ground beetle) and 134
(spider) on Ecological Compensation Area wildflower strips and 50, 19, 78 and
104 species on conventional crop fields respectively. Rare or threatened species
were not found more frequently on Ecological Compensation Area sites. The
increased number of species was a response of common species. The study
sampled 78 wildflower strips and 72 crop fields in a predominantly arable
region.

A replicated, controlled study from March-July 2006 in mixed farmland near
Bern, Switzerland (93) found that Eurasian skylarks Alauda arvensis with
territories that included undrilled patches sown with six annual weed species,
were significantly less likely to abandon the territory and more likely to use
undrilled patches as nesting and foraging sites. Nests were significantly more
likely to be built within or close to undrilled patches (60% of skylark nests were
within 5 m of an undrilled patch). Skylarks preferentially foraged in undrilled
patches over all other crop types; undrilled patches covered 0.17-0.63% of the
foraging area but were accessed on 12.6% of observed foraging flights. Plant
cover ranged from 35 to 50%, and plant height ranged from 5 to 80 cm in the
plots. Undrilled patches were composed of either four 3 x 12 m patches/ha (in
seven fields) or a single strip 2.5 x 80 m (in 14 fields). In autumn 2005 undrilled
patches were sown with six annual weed species including common corncockle
Agrostemma githago in winter wheat fields. Skylark territories were surveyed
over one breeding season (2006) in 21 experimental sites and 16 control wheat
fields.

A replicated, controlled study in summer 2001 in intensively managed
farmland around Bern, Switzerland (94) found that the number of species and
individuals, biomass and individual weights of most sampled arthropod
predators increased with the age of sown wildflower sites. Conversely the
number of rove beetles (Staphylinidae) and rove beetle biomass was highest in
newly created wildflower sites, but the weight of individual rove beetles
increased with age of wildflower sites. Control wheat fields had among the
lowest species richness, density and biomass of predators, but these values were
only significantly lower than in the oldest wildflower strips for spider (Araneae)
and ground beetle (Carabidae) biomass and true bug (Heteroptera) density.
Vegetation cover had a significant influence on spider assemblages. Ground
beetle species assemblages were strongly correlated with vegetation cover, field
size and soil water content in wildflower sites. Five different habitats with four
replicates were surveyed at 20 sites (average 0.8 ha). The four sown wildflower
habitats had been established for one, two, three and four years (one-year-old
sites sown in May 2001) and were sown with a seed mixture containing 25
native plant species, not treated with fertilizer, pesticides or cut. Winter wheat
fields were used as controls. Spiders, ground beetles and rove beetles were
sampled using three photo-eclectors/site for two consecutive months. True bugs
were sampled four times along 80 m transects using sweep-nets (100
sweeps/transect). Vegetation cover, volume of soil pores, and sand content were
determined.

A replicated, controlled study in June and July 2006 in north Germany (95)
found more hoverflies (Syrphidae) and hoverfly species in broad (12-25 m wide)
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and narrow (3-6 m) sown wildflower strips (7 sites each) than in grassy margins
(3 m-wide, 7 sites), wheat-wheat boundaries (7 sites) and within wheat fields
adjacent to the margins (7 sites). Hoverfly density and species richness (total
hoverflies and aphid-eating hoverflies) also increased with increasing amount of
arable land around the site at smaller scales (0.5 and 1 km) but not at larger
scales (2 and 4 km). Margins were located along a gradient of habitat
complexities in the surrounding landscape, ranging from 30% to 100% arable
land. Hoverflies were sampled by sweep netting (one sweep per footstep) along
100 m transects.

A replicated, controlled study in the summers of 2004-2005 in northwest
Switzerland (96) found wildflower strips had a variable effect on parasitism and
predation of eggs and larvae of two common butterfly/moth (Lepidoptera)
cabbage pests. Parasitization rates of cabbage moth Mamestra brassicae eggs and
larvae as well as small white butterfly Pieris rapae larvae on one farm did not
differ between plots with and without wildflower strips. However on a second
farm, parasitization rates of small white butterfly larvae and predation rates of
cabbage moth eggs were significantly higher in plots with adjacent wildflower
strips. Wildflower strips did not affect the spatial pattern of parasitization in the
fields. Six cabbage Brassica oleracea fields were studied on two organic farms.
Two blocks (45 x 25 m) were studied on each field, one with and one without a
wildflower strip (3 x 35 m). Wildflower strips were sown with seed mixtures
containing 24 native plant species, and were not treated with pesticides or
mown. Egg parasitization rates were assessed by placing laboratory eggs pinned
to paper cards on the ground underneath labelled plants in a 3 x 3 m grid for
three days. Eggs were incubated for four weeks at 22°C to rear any parasitoids.
Missing and damaged eggs were counted to estimate the predation rate. Butterfly
larvae were sampled on randomly selected plants and parasitization rates were
determined using DNA-based techniques.

A randomized, replicated, controlled trial from 2003 to 2006 in southwest
England (97) (same experimental set up as (80)) found plots on permanent
pasture annually sown with a mix of legumes, or grass and legumes, supported
more common bumblebees Bombus spp. (individuals and species) than seven
grass management options. In the first two years, there were more common
butterflies (Lepidoptera) and common butterfly species in plots sown with
legumes than in five intensively managed grassland treatments. No more than
2.2 bumblebees/transect were recorded on average on any grass-only plot in any
year, compared to over 15 bumblebees/transect in both sown treatments in
2003. Plots sown with legumes generally had fewer butterfly larvae than all
grass-only treatments, including conventional silage and six different
management treatments. Experimental plots 50 x 10 m were established on
permanent pastures (more than five-years-old) on four farms. There were nine
different management types, with three replicates/farm, monitored over four
years. Seven management types involved different management options for
grass-only plots, including mowing and fertilizer addition. The two legume-sown
treatments comprised either barley Hordeum vulgare undersown with a grass
and legume mix (including white clover Trifolium repens, red clover T. pratense,
and common vetch Vicia sativa) cut once in July, or a mix of crops (including
linseed Linum usitatissimum) and legumes, uncut. Bumblebees and butterflies
were surveyed along a 50 m transect line in the centre of each experimental plot,
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once a month from June to September annually. Butterfly larvae were sampled
on two 10 m transects using a sweep net in April and June-September annually.

A replicated, controlled, paired sites study in summer 2005 in northwest
Switzerland (98) found densities of several spider (Araneae) families were
higher in wheat fields with adjoining sown wildflower areas than in fields with
grassy margins. Crab spiders (Thomisidae), ground spiders (Gnaphosidae) and
wolf spiders (Lycosidae) as well as young orb weaver spiders (Araneidae) had
higher densities in fields with adjacent sown wildflower areas. However spider
diversity and the total number of spider species were not significantly different
in wheat fields adjoined by sown wildflower areas than fields with grassy
margins. Twenty winter wheat fields were studied (0.5-4.1 ha in size), 10 fields
had adjoining sown wildflower areas, 10 were adjoined by grassy margins.
Wheat fields were treated with herbicides, fungicides and mainly mineral
fertilizers but no insecticides. Sown wildflower areas (a Swiss agri-environment
scheme) were sown with a mixture of 25 wildflower species, and were not
treated with pesticides, fertilizers or mown. Sown wildflower areas were 0.4-2.3
ha in size (minimum 25 m wide) and between two and six years-old. Grassy
margins were ca. 0.7 m wide and mown several times/year. Spiders were
sampled from May to June using pitfall traps (0.2 I, 6.5 cm diameter) and a
suction sampler (0.1 m diameter).

A 20009 literature review of European farmland conservation practices (99)
found that field margins sown with a wildflower mix had higher arthropod
diversities than adjacent crops, or margins sown with grass seed only. Several
bird species were also found to use wildflower strips more than margins sown
with grass seed only.

A replicated study in 2005 in western Switzerland (100) found that small
mammal density and species richness were higher in wildflower areas than
crops, but wildflower areas were avoided by barn owls Tyto alba. Wildflower
areas (two years old, 1 ha) had more small mammal species and individuals (6
species, 458-1,285 individuals/ha) compared to crops or meadows (2-5 species,
0-680/ha). In May and July, small mammal densities were significantly higher in
wildflower areas (458-1,030 individuals/ha) and winter wheat Triticum
aestivum (90-680/ha) than in tobacco Nicotiana tabacum, permanent and
intensive meadows and in May maize Zea mays (0-10/ha) (in July the density in
maize was 200/ha). In September, density was significantly higher in wildflower
areas (1,285/ha) than in winter wheat (0), other habitats had intermediate
densities (5-60/ha). Barn owls significantly preferred cereal crops relative to
availability and avoided wildflower areas and all other crop types. The estimated
index of habitat selection by barn owls in order of decreasing preference was
wheat, meadows, other crops and lastly wildflower areas. Four arable sites were
studied. Small mammal population size was estimated using capture-mark-
recapture. Mammal traps were placed at 20 points along two parallel 45 m
transects in each habitat and set over three nights and days in May, July and
September 2005. Seven breeding male barn owls were radio-tagged from June to
September 2005 and hunting or resting locations recorded.

A replicated study in summer 2007 in south Sweden (101) found higher
densities and species richness of butterflies (Lepidoptera) and bumblebees
Bombus spp. in sown wildflower strips than in strips consisting mainly of grass
species (greenways or ‘betrddor’). Eighty-six percent of the recorded butterflies
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and 83% of the bumblebees were found in wildflower strips. Butterfly density
was nearly 20 times higher in wildflower strips than in the grass strips. The most
common flowers visited were field scabious Knautia arvensis and knapweeds
Centaurea spp. for butterflies, and knapweeds for bumblebees (72% of all
recordings). The presence of bushes adjacent to the strip positively affected the
number of butterfly species and individual numbers of both butterflies and
bumblebees. Butterflies and bumblebees were recorded on one wildflower strip
(six transects) and three grass strips (14 transects) on five occasions on four
arable farms. Butterflies and bumblebees were counted within 2 m either side of
the observer, and the flower species visited by the insects noted.

A replicated, randomized study from 2005 to 2007 in Warwickshire, UK
(102) found no difference in the number of bumblebees Bombus spp. or
bumblebee species between plots sown with ten different flowering plant and
grass seed mixtures, but recorded a significant increase in the number of
bumblebee individuals and species in sub-plots treated with the grass-specific
herbicide propyzamide in 2007. These sub-plots also showed a significant
decrease in grass cover (from 45 to 2%) and an increase in the cover of sown
wildflowers (from 24 to 56%), bare ground (from 4 to 16%) and undesirable
weeds (from 4 to 14%). The number and cover of sown wildflowers decreased
over the years in favour of competitive grass species. Ten different seed mixes
(three replicates each) were sown in plots (6 x 10 m) in April 2005. The seed
mixes contained four to six flowering plant species and one to four grass species
sown in different proportions. Plots were cut three times in 2005 and twice in
2006 with cuttings left in place. The grass-specific herbicide fluazifop-P-butyl
was sprayed in plots with rye grass nurse crop in April 2006. In November 2006,
all plots were split into two sub-plots (3 x 10 m) of which one was sprayed with
propyzamide. The percentage cover of vascular plants was recorded in two
randomly placed 1 x 1 m quadrats in each plot (2005-2006) or sub-plot (2007)
respectively. Bumblebee abundance and diversity were monitored twice each
year in late summer 2006 and 2007. These results were also presented in (88)
but are only reported here.

A replicated, randomized study in 2006 and 2007 in Warwickshire, UK (103)
(same study as (88)) found bee (Apidae) and butterfly (Lepidoptera) abundance
and species richness were higher in plots sown with specific wildflower species.
Bumblebee Bombus spp. abundance and species richness were significantly
higher on plots sown with phacelia Phacelia tanacetifolia and borage Borago
officinalis (32-85 bees/plot) compared to other treatments (1-22/plot). Crimson
clover Trifolium incarnatum (10-21/plot), sunflower Helianthus annuus (10-
22/plot) and red clover T. pratense (20/plot) also tended to have high
bumblebee abundances (other species: 1-11/plot). Short- and long-tongued bees
had different preferences. In 2006, butterfly abundance and species richness
were significantly higher in plots with lucerne Medicago sativa compared to
borage, chicory Cichorium intybus and sainfoin Onobrychis viciifolia. In 2007
butterfly abundance was higher in red clover compared with chicory, but the
number of species did not differ between treatments. Mobile and immobile
butterfly species had different preferences. Flowers of buckwheat Fagopyrum
esculentum were the most abundant followed by phacelia, borage and sunflower
in 2006. In 2007 fodder radish Raphanus sativus, red clover and sweet clover
Melilotus officinalis also had high flower abundance. Mustard Brassica juncea and
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linseed Linum usitatissimum had the fewest flowers in both years, along with
other species each year. Thirteen species were sown in single species stands:
four wildflower species typically sown in pollen and nectar seed mixes and nine
small-seeded crop species typically sown in wild bird seed mixes. The species
were sown in May each year in adjacent 6 x 4 m plots in a randomized block
experiment with four replicates. Butterflies and bumblebees were sampled by
walking transects through each plot on six occasions from May-September.
Flower cover was estimated at the same time.

A replicated, controlled site comparison study in summer 2008 in northwest
Scotland (104) found that croft sections (an agricultural system specific to
Scotland, consisting of small agricultural units with rotational cropping regimes
and livestock production) sown with a brassica-rich ‘bird and bumblebee’
conservation seed mix had 47 times more foraging bumblebees Bombus spp.
than sheep-grazed sections and 16 times more bumblebees than winter-grazed
pastures in June. In July the ‘bird and bumblebee’ mix sections had 248 and 65
times more bumblebees than sections grazed by sheep or both sheep and cattle
respectively. The number of bumblebees in July was also significantly higher (4-
16 times) in ‘bird and bumblebee’ sections than in arable, fallow, silage, and
winter-grazed pasture sections. The availability of bumblebee forage plant
flowers was lower in ‘bird and bumblebee’ sections than in silage sections in
June, but no other significant differences involving the conservation mix were
detected. Foraging bumblebees most frequently visited plant species in the
legume (Fabaceae) family. Tufted vetch Vicia cracca was one of a few plant
species favoured by bumblebees and was predominantly found in ‘bird and
bumblebee’ sections in July-August, although it was not part of the seed mixture.
Thirty-one crofts located on Lewis, Harris, the Uists and at Durness were studied.
Species sown in the bird and bumblebee mix included kale Brassica oleracea,
mustard Brassica spp., phacelia Phacelia spp. and red clover Trifolium pratense.
In addition to the seven management types mentioned, unmanaged pastures
were surveyed for foraging bumblebees and bumblebee forage plants along
zigzag or L-shaped transects in each croft section once in June, July and August
2008. Foraging bumblebees 2 m either side of transects were identified to
species level and recorded together with the plant species on which they were
foraging. Flowers of all plant species were counted in 0.25 m? quadrats at 20 or
50 m intervals along the transects.

A randomized, replicated trial from 1987 to 2000 in Oxfordshire, UK (105)
found that the number of plant species on 2 m-wide margins sown with a
wildflower seed mix in 1988 declined by about half over 13 years. There were
23-24 plant species/quadrat in 1988 and 9-12 plant species/quadrat in 2000.
The most rapid decline was in the first two years, when many annual species
were lost. Sown plots retained more perennial plant species than naturally
regenerated plots throughout the 13 years (around 10 vs 8 perennial
species/quadrat respectively, in 2000). After 13 years, sown plots tended to have
more species than naturally regenerated plots (9-12 vs 7-9 species/plot
respectively in 2000), but this difference was not statistically significant. There
was no effect of different mowing regimes on the numbers of plant species,
although in the early years mown plots had more plant species than uncut plots.
Sown plots that were cut twice retained a greater proportion of sown species
(50-60%) than plots cut once or uncut (<40%). Sowing reduced the colonization
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of margins by unsown perennial species at first, but by 2000 many perennial
species, including couch grass Elymus repens, were similarly abundant in sown
and unsown plots. Plant species were monitored three times a year from 1988 to
1990, and once in July 2000 in three 0.5 x 1 m quadrats/plot. This was part of the
same study set-up as (7,16,31,32,35,37,47).
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2.20. Manage the agricultural landscape to enhance floral
resources

e One large replicated controlled trial showed that the average abundance of long-
tongued bumblebees on field margins was positively correlated with the number of
‘pollen and nectar’ agri-environment agreements in a 10 km grid square 1.

Background

Managing landscapes to enhance nectar and pollen resources for flower-
visiting insects is increasingly recognized as an important strategy to enhance
the agricultural pollination service and to conserve pollinator populations. It
could involve increasing the diversity or area of flowering crops or conserving
aspects of the landscape, such as flower-rich meadows, woodlands or river
banks, which provide important floral resources.

In Europe, recent research has shown that higher coverage of the mass-
flowering crop, oilseed rape Brassica napus, in the landscape is associated with
higher numbers of foraging worker bumblebees Bombus spp. at focal sampling
points, but not with enhanced bumblebee reproductive success or colony
densities (Westphal et al. 2003, Herrmann et al. 2007, Westphal et al. 2009). This
work is not summarized by Conservation Evidence because the evidence is
correlative, the area of flowering crops was not increased as a conservation

measure.

Westphal C., Steffan-Dewenter I. & Tscharntke T. (2003) Mass flowering crops enhance pollinator
densities at a landscape scale. Ecology Letters, 6, 961-965.

Herrmann F., Westphal C., Moritz R.F.A. & Steffan-Dewenter L. (2007) Genetic diversity and mass
resources promote colony size and forager densities of a social bee (Bombus pascuorum)
in agricultural landscapes. Molecular Ecology, 16, 1167-1178.

Westphal C., Steffan-Dewenter 1. & Tscharntke T. (2009) Mass flowering oilseed rape improves
early colony growth but not sexual reproduction of bumblebees. Journal of Applied
Ecology, 46, 187-193.

A replicated, controlled trial in 2004 in thirty-two 10 km grid squares across
England (1) found the abundance of long-tongued bumblebees Bombus spp.,
mostly common carder bee B. pascuorum and garden bumblebee B. hortorum,
recorded on trial field margins (various planting treatments, including sown
grass and wildflower margins) was positively correlated with the total number of
pollen and nectar mix agri-environment agreements in each 10 km square. There
is no record of the numbers of long-tongued bumblebees in these grid squares
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before the agreements were implemented. Bumblebees were counted on a 100 x

6 m transect in each of 151 field margins, once in July and once in August.

(1) Pywell R.F., Warman E.A., Hulmes L., Hulmes S., Nuttall P., Sparks T.H., Critchley C.N.R. &

Sherwood A. (2006) Effectiveness of new agri-environment schemes in providing foraging

resources for bumblebees in intensively farmed landscapes. Biological Conservation, 129, 192-

206.

2.21. Create uncultivated margins around intensive
arable or pasture fields

e Thirty-nine studies (including 13 replicated controlled trials of which three also
randomized and four reviews) from eight European countries compared wildlife on
uncultivated margins with other margin options. Twenty-four found benefits to some
wildlife groups (including 11 replicated controlled trials of which one also randomized,
and four reviews). Nineteen studies (including one randomized, replicated controlled
trial) from Germany, Ireland, Lithuania, Norway, the Netherlands and the UK found
uncultivated margins support more invertebrates (including bees) and/or higher plant

diversity —or  species richness than  conventionally = managed

field

marginsl,2,4,7,8,13,17,18,20,24,38,39,41—43,45 or Other f|e|d margin 0pti0nsl,2,11,18,25,26,29,37,46. One
replicated, controlled study3> showed that uncultivated margins supported more small
mammal species than meadows and farmed grasslands. Four studies (two replicated
UK studies, two reviews) reported positive associations between birds and field
marginst9.344648 including food provision. A review from the UK found grass margins
(including naturally regenerated margins) benefited plants and some invertebrates?.

e Fifteen studies (including one randomized, replicated, controlled trial) from Germany,
the Netherlands, Norway and the UK found that invertebrate and/or plant species
richness or abundance were lower in naturally regenerated than conventionally
managed fie|d518,24,31,32,42 or sown margin52,3,5,7,9,10,12,15,16,18,24,25,29,41,45,49. S|X Studies
(including one randomized, replicated, controlled trial) from Belgium, Germany and the
UK found uncultivated margins did not have more plant or invertebrate species or
individuals than cropped?* or sown margins61214.1533, A review found grass margins

(including naturally regenerated margins) did not benefit ground beetles.

e Five studies (including three replicated controlled trials) from Ireland and the UK
reported declines in plant species richness#34% and invertebrate numbers®283136 in
naturally regenerated margins over time. One replicated trial?2 found that older
naturally regenerated margins (6-years old) had more invertebrate predators (mainly

spiders) than newly established (1-year old) naturally regenerated margins.

e Five studies (including one replicated randomized trial) from the Netherlands and the

UK found that cuttng margins had a negative impact

on

invertebrates3591013.1416212431.32 or no impact on plant species?®. One replicated
controlled study found cut margins were used more frequently by yellowhammers

when surrounding vegetation was >60 cm tall*4.

e Seven studies (including four replicated controlled trials and a review) from Ireland, the
Netherlands, Norway and the UK reported increased abundance or biomass of weed

species in naturally regenerated margins!1,24.26.28.41,43.46,

Background
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This intervention allows the field margin vegetation to regenerate naturally,
without planting, although it can involve subsequent mowing. The field margins
are not fertilized and only spot-treated with herbicides if injurious weeds occur.

See also ‘Plant grass buffer strips/margins around arable or pasture fields’,
‘Leave uncropped, cultivated margins or plots (includes ‘lapwing plots’)’.

A replicated study in 1988 in East Anglia, UK (1) found that ground beetles
(Carabidae), true bugs (Heteroptera) and spiders (Araneae) were more
abundant in uncropped headlands than cropped conservation (restricted
pesticides) and conventional headlands. For each group, significantly more
individuals were found in uncropped headlands (average number of individuals
per site; spiders: 210; ground beetles: 260; true bugs: 50) than in conservation
or sprayed headlands or in crops (spiders: 100-110; ground beetles: 70-160;
true bugs: 15-30). Ground beetles were twice as abundant in crops adjacent to
uncropped and conservation headlands than adjacent to sprayed headlands.
Numbers of species were higher in uncropped headlands (ground beetles: 21
species; true bugs: 5; spiders: 26) than conservation and sprayed headlands
(ground beetles: 15-18 species; true bugs: 2-3; spiders: 15-17). Spider diversity
was significantly higher in uncropped (Simpson’s index: 6) than conservation
and sprayed headlands and in the crop (2-3); ground beetles (4-8) and true bug
(1-3) diversity did not differ. True bug nymphs Nabis ferus penetrated further
into crops adjacent to uncropped and conservation headlands than sprayed
headlands. Headlands represented the outer 6 m of eight barley fields at three
locations. Parallel grids of 6 x 50 m were set up in the headlands and the crop (8-
14 m from the headland), and sub-divided into fifteen 10 x 2 m sections. One
pitfall trap was placed in each section (15 traps/grid). A further 2 x 50 m grid
was set up in the verge parallel to the field margin and divided into five 2 x 10 m
sections (5 traps/grid). Traps were emptied after 14 days in June-July 1988. A
Dietrick Vacuum sampler was used along five transect lines (0-15 m into the
crop), two samples consisting of five subsamples (each 0.4 m?) were taken three
weeks apart.

Further results for ground beetles (Carabidae) from the same study (1) are
presented in a second paper (2) which found that ground beetles were more
abundant in uncropped headlands than conservation headlands (restricted
pesticides), fully sprayed headlands and crops. There were significantly more
ground beetles on uncropped headlands (3-21/trap) than fully sprayed
headlands (3-6/trap) or the main crop (3-9/trap). Conservation headlands
tended to have lower numbers than uncropped headlands (3-14/trap). There
also tended to be more ground beetles in the crop adjacent to uncropped
headlands than conservation or fully sprayed headlands, but the difference was
not significant. There were significantly more ground beetle species (total
number of species across all sites) on uncropped headlands (36 species across
three sites) compared to sprayed headlands (conservation: 32 across four sites;
fully sprayed: 24 across two sites) or the crop (31 in eight sites). There was no
significant difference between the vegetation cover under different treatments.
Plant cover was also measured in five 25 x 25 cm quadrats in each grid.

A randomized, replicated trial from 1987 to 1991 in Oxfordshire, UK (3)
found more adult meadow brown butterflies Maniola jurtina on 2 m-wide
naturally regenerated field margins left uncut, or cut in spring or autumn than on
margins cut in summer (4-10 meadow browns/50 m with summer cut, 4-15
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meadow browns/50 m without). Unsown margins had 4-10 meadow browns/50
m in 1991 and 1992, fewer than margins sown with a wildflower mix (4-52
meadow browns/50 m). There was no difference between treatments in
abundance of meadow brown larvae (3 larvae/plot on average). There were
more meadow browns on all the experimental field margins than on narrow,
unmanaged field boundaries of a neighbouring farm (numbers not given). Two
metre-wide field margins were established around arable fields in October 1987.
They were either left to naturally regenerate or sown with a wildflower seed mix
in March 1988. Both treatments were rotavated before sowing. Fifty metre-long
plots were managed in one of the following ways: uncut; cut once in June hay
collected; cut April and June hay collected; cut in April and September hay
collected; cut April and June hay left lying (unsown margins only); sprayed once
a year in summer (unsown margins only). There were six replicates of each
treatment. Adult meadow brown butterflies were monitored weekly along
walked transects in the experimental plots from June to September 1989 and
from April to September 1990 and 1991. Meadow brown larvae were sampled in
spring 1991 by sweep netting and visual searching. This study was part of the
same experimental set-up as (5,13,14,16,21,49).

A small replicated, controlled study from 1990 to 1992 in East Anglia, UK (4)
found that ground beetles (Carabidae) were more abundant in uncropped
headlands than conservation headlands (cropped, no herbicides or insecticides)
and sprayed headlands (as main wheat field). Uncropped strips had a
significantly greater abundance of ground beetles (2,487) compared to
conservation (1,474) and sprayed headlands (938). Species diversity tended to
be higher in uncropped headlands (43) compared to conservation (41) and
sprayed headlands (35). Different species reacted differently to treatments.
There were a number of species that were restricted to uncropped or
conservation headlands and one restricted to sprayed headlands. Numbers of
species and overall abundance varied with season. Two 120 m strips of each
treatment were established in a randomized block design along one headland of
a 19 ha wheat field. Ground beetles were sampled using 3-5 pitfall traps in the
middle of each plot, 3 m from the field boundary. Catches were collected every 1-
2 weeks from February to August. Aphid numbers were also sampled but are not
presented here.

A randomized, replicated study from 1989 to 1991 in Oxfordshire, UK (5)
found that butterfly (Lepidoptera) abundance and species richness was lower in
unsown, naturally generated margins (14-39 individuals, 6-9 species) than in
sown wildflower margins (21-91 individuals, 7-10 species) from the second
year after establishment. Spraying with herbicides (Roundup™) and cutting
during summer reduced butterfly diversity and density in the margins, but there
were no such effects of cutting in spring and autumn. Both cutting in summer
and spraying led to an immediate decline in the number of flowering plants
directly after the treatment. In the cut margins, however, the number of flowers
had increased by September when it was higher than in uncut margins.
Butterflies were monitored weekly along transects from June to September 1989
and from April to September 1990 and 1991. Transects were divided into 50 m
sections corresponding to the experimental plots. Monitoring was done
according to standard methods and only under suitable conditions. This study
was part of the same experimental set-up as (3,13,14,16,21,49).
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A replicated, controlled, randomized study of four field margins in three
Environmentally Sensitive Areas in England (6) found that plant cover was
higher in margins sown with grass or grass/wildflower mixtures than those
naturally regenerated, but plant diversity within naturally regenerated margins
was similar to some margins sown with diverse seed mixtures. In 1994 plant
diversity was higher in plots sown with more complex seed mixtures (32-37)
than those sown with grass only (22-27) or regenerated naturally (21-25). In
1995, grass seed only plots tended to be the least diverse (15-21), but naturally
regenerated plots (18-28) were as diverse as some complex seed mixtures (23-
31). Species diversity did not differ between management treatments. Margins
were created in each field and divided into six plots (4 x 30 m). Each was
(randomly) sown with a seed mixture: grass, low cost mix (3 grass: 7
wildflower), alkaline soil (6:16), neutral soil (5:15), acid soil (6:16) and one
natural regeneration. Plots were divided into 10 m sub-plots, which were either
unmanaged, cut once, or received grass herbicide. Plants were sampled in each
sub-sub-plot in summer 1994-1995. The three Environmentally Sensitive Areas
studied were the Breckland Environmentally Sensitive Area in Suffolk, the
Somerset Levels and Moors Environmentally Sensitive Area and the South
Wessex Downs Environmentally Sensitive Area in Wiltshire and Dorset. The
same study is presented in Marshall et al. 1994.

A replicated, controlled study in summer 1995 in an intensively farmed
landscape near Gottingen, Germany (7) found higher arthropod species richness
on potted mugwort Artemisia vulgaris plants placed in uncultivated margins (one
and six years old) compared to a cereal field, but not compared to other margin
types. The predator-prey ratio was significantly higher in the 6-year-old margin
than in all other margin types and the control. The effect of uncultivated margins
on individual arthropod numbers was species-dependent but slightly more
individuals were found in the 1-year-old than in the 6-year-old uncultivated
margins. Investigated margin types besides the two types of uncultivated margin
were wildflower strips (wildflower seed mixture or Phacelia spp. only) and
cereal strips/headlands. Potted mugwort plants (four pots) were placed in all
margin types and the control (one winter wheat field). All herbivores and their
predators on the plants were recorded during six visits in June and July. In
September, all mugwort plants were dissected in the lab to assess numbers of
arthropods feeding inside the plants. Results from the same study are also
presented in (8,22).

A replicated, controlled study in summer 1995 near Goéttingen, Germany (8)
found higher species richness of arthropods colonizing potted mugwort
Artemisia vulgaris plants in naturally regenerated margins than in unsprayed
cereal control edges. However arthropod species numbers on mugwort did not
differ between any of the established margin types or between mugwort plants
placed in one or six-year-old regenerated margins and mugwort plants in larger
set-aside areas of the same vegetation and age. Effects of the margins on
individual abundance was not clear, but polyphagous spiders of the genus
Theridion were recorded in significantly higher numbers on mugwort in 6-year-
old regenerated margins than in 1-year-old margins, wildflower strips and
sprayed cereal edges. Besides the 1- and 6-year-old naturally regenerated
margins, wildflower strips (19 species sown), Phacelia strips (P. tanacetifolia
plus three species), sown cereal strips and cereal control edges were
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investigated. Potted mugwort plants (four pots) were placed in all margin types
and the controls. Mugwort plants were visited six times in June and July to count
all herbivores and their predators on the plants before being taken to the lab in
September to assess all arthropods feeding inside the plants. Vegetation of all
margins was surveyed in June. Results from the same study are also presented in
(7,22).

A replicated study in 1994-1996 in Gloucestershire, UK (9) (same study as
(10)) found that plant species richness, as well as abundance and diversity of
butterflies (Lepidoptera), was lower in naturally regenerated margins than in
sown wildflower margins (for plants: 19 vs 23 species). Cutting and subsequent
grazing of naturally regenerated margins significantly decreased butterfly
diversity (3 vs 6 species) but not abundance (5 vs 10 individuals). Margins were
established around two organically-managed arable fields by either sowing a
seed mix (containing five grasses, six forbs) or by natural regeneration in 1994.
In 1996, part of the margins were cut in June and grazed in July. The rest was left
untreated. Butterflies were monitored along transects weekly from May to
September 1996. Abundance of all plants present as well as flower abundance at
the time of the survey was recorded in May and in September 1996.

A replicated study in summer 1996 in Gloucestershire, UK (10) (same study
as (9)) found lower overall butterfly (Lepidoptera) abundance and species
richness in ten naturally regenerated experimental plots than in ten plots sown
with a wild grass/flower seed mixture. Vegetation removal (plots cut for silage in
June, grazed by cattle in July) had no effect on butterfly abundance however
butterfly species richness was lower in cut/grazed plots. Plant species richness
was on average lower in naturally regenerated plots than in sown plots (19 vs 23
species). Vegetation removal had no effect on plant species richness but non-
defoliated plots had more wildflower species in flower in July. In September
1994, 20 contiguous 50 m-long experimental plots were created in the margins
of two adjoining organic fields on one farm by widening the existing 0.5 m
margin to 2 m width. Presence of all sown and unsown plant species were
recorded as well as wildflowers in flower (May and July 1996). Butterflies were
monitored weekly June-September along a transect route.

A replicated trial from 1993 to 1996 on farmland near Wageningen,
Netherlands (11) found that 4 m-wide field margins left to naturally regenerate
had more plant species than margins sown with rye grass Lolium perenne, two
years after establishment. On average there were 9 plant species/0.25 m? in
naturally regenerated margins, compared to 6 in grass-sown margins and 14 in
margins sown with 30 non-grass wildflower species. Two prominent arable
weeds, creeping thistle Cirsium arvense and couch grass Elymus repens both had
higher biomass in the naturally regenerated margins than in wildflower or grass-
sown margins (33 g/m?2 and 28 g/m? respectively in naturally regenerated plots,
compared to 0-8 g/m?2 and 6-9 g/m? in sown margins). In 1993, experimental
plots (8 x 4 m) were established on boundaries of three arable fields. All plots
were mown once a year, without removing cuttings. There were three replicates
of each treatment on each field. Plant biomass and number of species were
measured in eight 0.5 m x 0.5 m plots on a single transect line across each
margin, in August 1995.

A replicated study in summer 1996 in central Germany (12) found that
spider (Araneae) abundance in naturally regenerated plots (97 and 56
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individuals in pitfall traps and photoeclectors respectively) was significantly
lower than plots containing sundial lupin Lupinus perenne and common vetch
Vicia sativa (155 and 124 individuals in pitfall traps and photoeclectors) and
similar to plots with fodder radish Raphanus sativus oleiferus (104 and 49
individuals). Note that most results in this study are not statistically tested. Eight
different types of strip with three replicates each were tested: six seed mixtures
contained mainly flowering plants (1-12 species), one mixture contained mainly
grass seeds (two species plus white clover Trifolium repens) and one naturally
regenerated treatment. Spiders were sampled using two pitfall traps and two
photoeclectors in each plot.

A randomized, replicated, before-and-after trial from 1987 to 1991 in
Oxfordshire, UK (13) found that spider (Araneae) abundance and species
richness were higher after field margins were established on unmanaged plots
(from <5 species at the start of the study to between 5 and 12 species following
field margin establishment). Naturally regenerated field margins had fewer
spiders, but not fewer spider species, than field margins sown with a wildflower
seed mix on all dates. Cutting, especially summer cutting, significantly reduced
the abundance of spiders. Spraying with herbicide reduced the numbers of
spiders, but not the number of spider species, relative to control plots in two of
the three years. Spiders were sampled using a suction trap (D-Vac) in September
1987 and 1988, and in May, July and September in 1989, 1990 and 1991. This
study was part of the same experimental set-up as (3,5,14,16,21,49).

A randomized, replicated trial from 1987 to 1996 in Oxfordshire, UK (14)
found that pseudoscorpions (Pseudoscorpionida) favoured unmanaged field
margins (not cut or sprayed), but there was no difference in numbers between
naturally regenerated margins and those sown with a wildflower mix. More
pseudoscorpions (Chthonius ischnocheles and C. orthodactylus) were found in
unmanaged field margin plots (95 pseudoscorpions in total on sown and unsown
plots) than in cut or sprayed treatments (19-53 pseudoscorpions). Plots cut in
April and June with hay removed, or sprayed with herbicide in summer, had
fewer pseudoscorpions than other margins (19 and 21 pseudoscorpions
respectively). Plots cut just once in June, cut twice but not in June or cut in April
and June but with hay left lying, had intermediate numbers of pseudoscorpions
(29, 53 and 30 pseudoscorpions). Pseudoscorpions were sampled from the litter
layer (not the soil) using a suction trap (D-Vac) in May, July and September 1995
and 1996. This study was part of the same experimental set-up as
(3,5,13,16,21,49).

A trial from 1995 to 1998 in Hampshire, UK (15) found the same number of
bee (Apidae) species (9), but fewer flowering plant, fly (Diptera) and butterfly
(Lepidoptera) species, on a single naturally regenerated field margin strip
established for three years than on three strips sown with a diverse wildflower
seed mix in the same study (16, 4 and 6 species respectively on the naturally
regenerated margin vs 24, 7 and 8 species on the sown margins). The field
margins were established (or sown) in 1995. The number of flowers and flower-
visiting bees, wasps, flies and butterflies were counted on a 200 x 2 m transect in
each strip, once a month from May to August 1998.

A randomized, replicated study from 1995 to 1996 in Oxfordshire, UK (16)
found that total numbers of invertebrates and leafhoppers (Auchenorrhyncha)
were significantly lower in unsown, naturally generated margins than in sown
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wildflower margins. Cut plots (in summer alone, spring and summer or spring
and autumn) had significantly lower numbers of all invertebrates, spiders
(Araneae), true bugs (Heteroptera) and leafhoppers than uncut plots in all
seasons, apart from spiders and true bugs in May. There was no effect of cutting
frequency or timing or leaving/removing hay on invertebrate numbers.
Invertebrates were sampled using a D-Vac suction sampler at 10 m intervals
along each plot in May, July and September in 1995-1996. This study was part of
the same experimental set-up as (3,5,13,14,21,49).

A 1999 review of literature (17) found that uncropped field margins, left to
naturally regenerate, were shown to increase ground beetle (Carabidae)
numbers by three studies (Miiller 1991, (2), plus one unpublished study). In one
case (2) there were more beetles than in conventional crop margins.

A randomized, replicated, controlled trial from 1993 to 1996 in Bristol, UK
(18) found that 4 m-wide field margins left to naturally regenerate had more
suction-sampled invertebrates but not more ground beetles (Carabidae) than
control cropped margins or margins sown with grass. There were around 180
invertebrates per sample on naturally regenerated margins, compared to 110-
130 invertebrates/sample on control or grass-sown plots. There was no
difference in the number of ground beetle species (average of 8 species/plot),
nor in the numbers of the four most commonly caught ground beetle species,
between margin types. In a 2 m-wide margin, there were more over-wintering
invertebrates in the soil of the wildflower sown half than the naturally
regenerating half, but this difference was not found in 4 m-wide replicated
experimental plots. Three field margins were established in spring 1993 at one
site. Experimental plots 10 x 4 m were either sown with arable crop (control),
rye grass Lolium perenne or a wildflower and grass seed mix, or left to naturally
regenerate. There were three replicate plots in each margin. All plots were cut
annually after harvest, and cuttings left in place. Another 100 x 2 m wide field
margin, with 50 m sown with a wildflower mix and 50 m unsown, was used to
monitor wintering invertebrates. Ground beetles were sampled in eight pitfall
traps in or near each margin, for a week in June for four years, 1993-1996.
Invertebrates were sampled using a vacuum sampler on plots of two of the three
margins in June 1994. Arthropods were extracted from soil samples taken from
plots of two margins in December 1993 and February 1994.

A 2000 literature review (19) found that the UK population of Eurasian
thick-knees Burhinus oedicnemus increased from 150 pairs in 1991 to 233 in
1999, following an agri-environment scheme designed to provide uncultivated
plots in fields and set-aside.

A replicated, controlled trial in 1999 of arable field margins in the UK (20)
found that margins allowed to regenerate naturally for one year supported
significantly more honey bees Apis spp. and bumblebees Bombus spp. than
unsprayed cropped margins managed as conservation headlands (average 10-50
bees/transect on naturally regenerated margins compared to <3 bees/transect
in conservation headlands). The trial was replicated once on each of five farms,
with two uncropped field margins and one control conservation headland
margin per farm. Margins were 4-6 m wide and located on the boundary of
spring-sown cereal fields. Transects (0.5 x 50 m?2) parallel to the field edge were
walked at 8-10 day intervals over a 40-day period in each margin to record bee
numbers, species and flower preferences.
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A randomized, replicated trial from 1987 to 1996 in Oxfordshire, UK (21)
found greater numbers of predatory sheet web spiders Lepthyphantes tenuis on
field margins left uncut and unsprayed with herbicide. In September, when most
of the spiders were caught, there were significantly fewer L. tenuis spiders in
margins (sown and unsown) that were cut in June (around 10 spiders/m?,
compared to >15 spiders/m? in plots cut in spring and autumn, or not cut). In
May and July, plots with a recent cut (April or June-cut treatments respectively)
also had lower numbers of L. tenuis than other plots. Spraying unsown plots with
herbicide reduced the numbers of L. tenuis later in the same year (average 4 and
10 spiders/m? in sprayed plots in July and September respectively, compared to
8 and 20 spiders/m? on unsprayed plots in July and September). Plots where the
vegetation was cut but not removed did not have more spiders than plots where
cut vegetation was removed. L. tenuis individuals were counted in invertebrate
samples collected using a suction trap (D-Vac) in May, July and September 1990,
1991, 1995 and 1996. This study was part of the same experimental set-up as
(3,5,13,14,16,49).

A replicated study from April to September 1995 near Gottingen, Germany
(22) found higher predator abundance (mainly spiders Araneae) and higher
predator-prey ratios in 6-year-old than in 1-year-old naturally developed field
margins. In addition, predator-prey ratios were higher in large, naturally
developed fallows than in the field margins. These results emphasize the
importance of habitat age and area for the establishment of natural enemy
populations. However, arthropod species richness in naturally developed
margins did not differ from other margins types. Potted plants of mugwort
Artemisia vulgaris (four pots per margin) and red clover Trifolium pratense
(three pots per margin) were used to study plant-arthropod communities. Red
clover pots were also set out in winter wheat fields at 4, 8 and 12 m distances
adjacent to strips sown with cereal and wildflower mix. Red clover pots were set
out in April 1995. On five visits in June and July 1995, flower heads of red clover
were sampled, dissected and the larvae and pupae of arthropods feeding inside
the plants reared in the lab for species determination. Results from the same
study are also presented in (7,8).

A review (23) of two reports (Wilson et al. 2000, ADAS 2001) evaluating the
effects of the Pilot Arable Stewardship Scheme in two regions (East Anglia and
the West Midlands) from 1998 to 2001 found that grass margins benefited
plants, bumblebees Bombus spp. true bugs (Hemiptera) and sawflies
(Symphyta), but not ground beetles (Carabidae). The grass margins set of
options included sown grass margins, naturally regenerated margins, beetle
banks and uncropped cultivated wildlife strips. The review does not distinguish
between these, although the beneficial effects were particularly pronounced on
sown or naturally regenerated grassy margins for true bugs. The effects of the
pilot scheme on plants and invertebrates (bumblebees, true bugs, ground
beetles, sawflies) were monitored over three years, relative to control areas.
Grass margins were implemented on total areas of 361 and 294 ha in East Anglia
and West Midlands respectively.

A small replicated, controlled trial in the summer of 2000 in North
Yorkshire, UK (24) found that four naturally regenerated field margins had
higher plant diversity, but not more bumblebees Bombus spp. or butterflies
(Lepidoptera) (species or individuals) than four cropped margins. A number of
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rare or uncommon arable weeds were recorded in naturally regenerated
margins, but also a much higher abundance of barren brome Anisantha sterilis
than in any other treatment. Spring numbers of ground beetles (Carabidae) and
ground-dwelling spiders (Araneae) were higher in naturally regenerated
margins than cropped margins. Harvestmen (Opiliones) avoided naturally
regenerated margins in favour of any sown habitat in autumn. Four margins of
winter cereal fields, all adjacent to hedges, were split into 72 m long plots and
sown in September 1999 with either grass, grass and wild flowers, cereal crop or
left to regenerate naturally on two farms. Ground and canopy-dwelling
invertebrates, butterflies and plants were surveyed from late April to late
September 2000 using pitfall traps, sweep netting, transects and quadrats.

A replicated trial in 2001-2002 in the UK (25) found that margins of sugar
beet Beta vulgaris fields left to naturally regenerate had more invertebrates
(individuals and species), but not more plant species, than margins sown with
wildflowers, crops or grasses. Naturally regenerated margins had over 1,700
invertebrates in total, from 45 groups. However the difference in invertebrate
numbers between different treatments was fairly small (over 900 to over 1,700
individuals, 35-45 groups caught). Naturally regenerated margins had around 17
plant species/m, compared to 35 plant species/m on wildflower margins, 15
species/m for grass margins and 6-11 species/m for barley or beet margins. In
autumn 2001, 50 m x 6 m margins at the edges of beet fields were planted with
either sugar beet, spring barley, grasses (eight species), nothing (natural
regeneration) or wildflowers. There were two replicates of each treatment at
each of three sites. In summer 2002, plants (including crop plants) were counted
in the margins and invertebrates sampled using pitfall traps, set for two weeks.

A replicated trial from 1998 to 2000 in Wiltshire, UK (26) found that
naturally regenerated field margins had more undesirable weed species than
sown field margin plots, but more predatory beetles (Coleoptera) in the second
year. There was no difference in the total abundance of invertebrates between
field margin treatments. Eleven 100 x 2 m field margin plots were left to
regenerate naturally on one farm. Thirty-eight were sown with a grass seed mix
of either three grass species (12 plots), six grass species (13 plots) or six grass
and four herb species (13 plots) in autumn 1998. The plots were around four
fields under a Countryside Stewardship Agreement on the Harnhill Manor Farm.
Invertebrates were sampled using pitfall traps (five traps/plot) in spring and
autumn and suction traps in summer. Plants were recorded in four 1 m?
quadrats/plot in summer.

A replicated, controlled study between 1988 and 1997 in Sweden (27),
found higher plant species richness in experimental field margin plots allowed to
regenerate naturally than in plots sown with a clover and grass seed mixture
after one year. Seven years after establishment, naturally regenerated plots,
clover and grass plots and control boundaries had higher cover of weeds in total
and of couch grass Elytrigia repens than plots planted with rose bushes Rosa
canina and/or meadow plants. Couch grass increased in all treatments but
significantly so in naturally regenerated plots and plots with clover and grass.
Plots with meadow plants and naturally regenerated plots had similar species
richness but quite different species compositions due to a high cover of annual
weeds in the latter. In 1990, four replicates of each treatment (naturally
regenerated, planted with rose bushes and/or sown with meadow plants, sown
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with clover Trifolium spp. and grass mixture) were established randomly along
the stretch of a previously removed dirt road. All plots were cut annually in late
summer and the cuttings removed. Vegetation surveys were carried out twice in
experimental plots (1991 and 1997) and once in control boundaries (1997) in
three to five 0.25 m?2 quadrats. It is not clear whether the results for clover and
grass plots were a direct result of planting nectar flowers or grass.

A replicated, controlled trial from 1999 to 2002 on arable field margins in
North Yorkshire, UK (28) found 6 m-wide naturally regenerated, uncultivated
field margin plots supported significantly more foraging bumblebees Bombus
spp. than margins sown with tussocky grass, or control cropped field margins,
but only in one year (2001) of this three year study. In 2001, the bumblebees
were mostly foraging on spear thistle Cirsium vulgare, a pernicious agricultural
weed that had to be controlled by cutting at the end of that summer. In the other
two years (2000 and 2002), the naturally regenerated field margins did not
support significantly more bumblebees than the control or grass-sown sites.
Naturally regenerated margins were the only treatment that did not support
consistent numbers of bumblebees in all three years. The naturally regenerated
field margins supported fewer bumblebees (18 individuals and 2.7 species/100
m on average) than margins sown with a wild flower seed mixture (29
individuals, 3.0 species/100 m), but the two treatments were not directly
compared in the analysis. Three cereal field margins on one farm were divided
into five 72 m x 6 m long plots and subjected to five different treatments: natural
regeneration (6 m wide), sown ‘tussocky’ grass mixture (6 m wide), sown ‘grass
and wildflower’ mixture (6 m wide), split treatment of 3 m wide ‘tussocky’ grass
mixture adjacent to hedge and 3 m wide sown ‘grass and wildflower’ mixture
adjacent to crop, and margin cropped to the edge. Plots were cut and herbage
removed following establishment of the seed mixtures. Wildflower plots were
cut in August 2001 and 2002 and the herbage removed. Transects were walked
along the central line of each plot recording bumblebee activity and identifying
foraging bumblebees to species level.

A replicated study in the summers of 1999-2000 on arable farms in the UK
(29) found that naturally regenerated grassy margins had more plant species
than sown grassy margins, but were not considered one of the best options for
the conservation of annual herbaceous plant communities. The naturally
regenerated margins were dominated by three grasses (different species from
the sown margins) and thistles. Average numbers of plant species in the different
conservation habitats were wildlife seed mixtures 6.7, uncropped cultivated
margins 6.3, undersown cereals 5.9, naturally regenerated grass margins 5.5, no-
fertilizer conservation headlands 4.8, spring fallows 4.5, sown grass margins 4.4,
overwinter stubbles 4.2, conservation headlands 3.5, grass leys 3.1. Plants were
surveyed on a total of 294 conservation measure sites (each a single field, block
of field or field margin strip), on 37 farms in East Anglia (dominated by arable
farming) and 38 farms in the West Midlands (dominated by more mixed
farming). The ten habitats were created according to agri-environment scheme
guidelines. Vegetation was surveyed once in each site in June-August in 1999 or
2000. The vegetation was examined in thirty 0.25 m2 quadrats randomly placed
in 50-100 m randomly located sampling zones in each habitat site. Top cover
and plant cover was estimated with 1-30 pin hits.
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A replicated, paired site comparison study in 2000 in Ireland (30) found that
wider, uncultivated margins (average 181 cm wide) with reduced agrochemical
inputs on Rural Environment Protection Scheme (REPS) farms did not have
higher plant or ground beetle (Carabidae) diversity or abundance than margins
on non-REPS farms (average 145 cm). There were around 11 plant species and
21-22 ground beetle species/margin on both types of farm. Fourteen arable
farms with Rural Environment Protection Scheme agreements at least four years
old were paired with fourteen similar farms without agreements. On each farm,
two randomly selected field margins were surveyed for plants and ground
beetles.

A small-scale controlled study in 2000-2001 in Essex, UK (31) found
densities of lesser marsh grasshoppers Chorthippus albomarginatus (69% of all
grasshoppers found) and meadow grasshoppers C. parallelus (31% of all
grasshoppers found) in two Countryside Stewardship Scheme field margins (one
margin naturally regenerated, one margin created from existing grass ley) were
not statistically different than in intensively managed habitats (arable field,
heavily grazed cattle and sheep pastures). Adult density of both grasshopper
species was higher on lightly grazed pasture and a disused farm track than in
either field margin. Grasshopper density was initially higher in the sown grass
margin than the naturally regenerated margin or control grazed pasture three
years after establishment (0.4, 0.1 and 0.3 grasshoppers/m? respectively). Seven
years into the 10-year agreement, grasshopper density had decreased in the
sown and naturally regenerated margins (0.05 grasshoppers/m?) but increased
substantially in the control grazed pasture (1.2 grasshoppers/m?). The authors
suggested that annual cutting for hay was the reason for the reduced
grasshopper populations in the margins. In each of nine study sites (two field
margins, one arable field, one lightly grazed pasture, one heavily grazed cattle
pasture, one heavily grazed sheep pasture, one hay meadow, one set-aside
grassland, one disused farm track), 10 quadrats (2 x 2 m2) were randomly
positioned in a 100 m2 plot. Grasshoppers were counted in quadrats once in July
and once in August (2000 and 2001).

A site comparison study from 2001 to 2005 of organic arable fields in the
Netherlands (32) found that greater numbers of overwintering generalist
predators were recorded in unmown perennial field margins compared to mown
grass strips and bare fields. Higher numbers of generalist predators (ground
beetles Carabidae, spiders Araneae, rove beetles Staphylinidae) were found in
unmown margins (202 individuals/m?) than mown strips (124/m?) and bare
fields (152/m?). Over twice as many overwintering ground beetles were found
within margins (101/m?) than mown strips and fields (33-48/m?). The same
was true for other beetles (margins: 112/m? mown grass strips: 45/m?; bare
fields: 36/m?). One farm system sampled had numerous field margins (21% of
area), whilst the other had few (5% area). To catch overwintering arthropods,
pitfall traps were set within enclosures (1 x 1 m?) in March-May 2004, three
within unmown field margins, three within short-mown grass strips and six in
bare soil plots in fields. Pests and pest predation were also sampled, but results
are not presented here.

A replicated trial from 2001 to 2004 in Belgium (33), found that naturally
regenerated margins had similar numbers of plant species to margins sown with
wildflower mix after three years. In naturally regenerating plots, the number of
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plant species increased (unshaded margin only) or remained similar from 8-15
species/plot in July 2002 to 12-15 species/plot in July 2004. The relative
abundance of perennial plants increased and the relative abundance of annuals
decreased over time on all the field margin plots, regardless of treatment. In
naturally regenerated margins the proportion of legumes increased over time
whilst in sown margins the proportion of legumes decreased significantly. In
September 2001, 10 m lengths of two 10 x 180 m arable field margins were
either left to naturally regenerate or sown with one of two wildflower/grass
species mixtures containing 63 or 77 plant species. One margin was in a sunny
location, the other shaded by trees. The margins were mown twice, in late June
and September, each year from 2002 to 2004. Each combination of treatments
was replicated three times. Plants were recorded in July and October from 2002
to 2004.

A replicated study in 1999 and 2003 on arable and pastoral fields in the UK
(34), found that a combination of creating uncultivated and planted margins
around fields was strongly positively associated with the presence of four out of
twelve farmland bird species analysed. These species were Eurasian skylark
Alauda arvensis (a field-nesting species), chaffinch Fringilla coelebs, whitethroat
Sylvia communis and yellowhammer Emberiza citrinella (all boundary-nesting
species). The other species analysed were corn bunting Miliaria calandra,
lapwing Vanellus vanellus, yellow wagtail Motacilla flava, dunnock Prunella
modularis, greenfinch Carduelis chloris, linnet C. cannabina, reed bunting E.
schoeniclus and tree sparrow Passer montanus. The study did not distinguish
between uncultivated and planted margins. On the 256 study fields, birds were
recorded using territory-mapping techniques between 1 April and 31 July 2003.
Sites were visited eight times and all registrations plotted on a farm map.
Territories were assigned a habitat unit based on their location.

A replicated, controlled study in the summer of 2003 in central Switzerland
(35) found that small mammal density was higher in herbaceous strips than in
low-intensity meadows, conventionally farmed artificial grasslands and autumn-
sown wheat fields. Small mammal species richness in herbaceous strips (six
species) was higher than in any other studied habitat (two species each). The
increase in small mammal density over the summer was higher in herbaceous
strips and wildflower strips than in the other three habitats. Herbaceous strips
consisted mainly of herbaceous plants, such as thistles Cirsium spp., common
teasel Dipsacus sylvestris, St John’s wort Hypericum perforatum, common mallow
Malva sylvestris and mulleins Verbascum spp. On the 15 study sites, herbaceous
strips and wildflower strips were not regularly cut during the growing season,
whereas other grassland habitats were cut at least twice. Small mammals were
trapped and individually marked during 60 hour trapping sessions in March, May
and July. Traps were checked every eight hours. A capture-recapture method was
used to estimate small mammal densities.

A replicated, controlled trial in central and eastern England (36) found that
naturally regenerated field margins supported a greater number and diversity of
foraging bumblebees Bombus spp. than cropped margins (including conservation
headlands), but only in the first year of the study. In subsequent second and third
years, bumblebee numbers were not significantly different from cropped
treatments, but this may be due to the presence of more attractive floral
resources planted on the same field margins for the experiment. Six sites were
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studied and two experimental plots (50 x 6 m) established in each cereal field
along two margins. Six treatments were assigned to plots: conservation
headland, natural regeneration, tussocky grass mixture, wildflower mixture,
pollen and nectar mixture, crop (control treatment). Foraging bumblebees were
counted from May to late August, on 6 m-wide transects between six and 11
times in each margin.

A replicated, controlled study in the summers of 1997-2000 and 2003 in
Essex, UK (37) found that naturally regenerated 6 m margins had higher plant
species richness (35 species) than grass-sown 6 m-margins (20 species), seven
years after margin establishment under the Countryside Stewardship Scheme.
Butterfly (Lepidoptera) abundance was higher in 6 m-wide Countryside
Stewardship Scheme margins (naturally regenerated and grass-sown margins
not distinguished) than in control margins. Comparisons between 6 m-margins
(naturally regenerated and grass-sown margins not distinguished) and control
sections showed 54 vs 19 butterflies/km/visit. The meadow brown butterfly
Maniola jurtina also occurred in higher numbers in Countryside Stewardship
Scheme field margins: 6 m-margins (naturally regenerated and grass-sown
margins not distinguished) and their control sections had 22 vs 5/km/visit.
Butterfly abundance and species richness did not change over the study period in
either 6 m-margins or in a transect across farmland. Six metre-margins were
established on three farms either through natural regeneration or by sowing
with a grass-seed mixture, and all cut annually after 15 July.

A replicated, controlled trial in 2005-2006 in Warwickshire, UK (38) found
that field corners or margins left to naturally regenerate for one year had more
bumblebees Bombus spp. (species and individuals) than control crop plots, or
plots sown with wild bird seed or wildflower seed mix. There were 55
bumblebees and five bumblebee species/plot on average on naturally
regenerated plots, compared to no bumblebees on control crop plots and seven
bumblebees of two species/plot on sown plots. Naturally regenerated plots also
had more butterfly and plant species than control cereal plots (5-6 butterfly
species/plot and 7 plant species/m?, compared to 1 butterfly species/plot and 2
plant species/m? in cereal crop plots). Naturally regenerated plots did not have
more butterfly individuals, or more birds in winter (species or individuals) than
control crop plots. Plots were located on one farm and were left as unmanaged
wheat stubble for all of 2006. Each treatment was tested in one section of margin
and one corner in each of four fields. Plants were monitored in three 1 m?2
quadrats/plot in July 2006. Butterflies, bumblebees and flowering plants were
recorded in a 6 m wide transect, five times between July and September.
Farmland birds were counted on each plot on seven counts between December
2006 and March 2007.

A replicated trial in Lithuania in 2006-2007 (39) found that uncropped field
margins had significantly higher plant diversity than margins within wheat
crops, on both organic and intensive farms. Fifteen field margin areas were left to
regenerate naturally (uncropped) and compared with fifteen margins of a winter
wheat crop, across three farms in Lithuania. One farm was managed organically,
the other two conventionally. Plants in the margins were monitored in June and
July 2006 and 2007 in 0.5 m2 sample plots.

A replicated, paired, site comparison study in 2003 in three regions of
Germany (40) found that 21 uncultivated fallow strips adjacent to organic wheat
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fields had an average of 6.3 bee (Apidae) species, 2.6 solitary bee
individuals/100 m? and 8.5 bumblebee Bombus spp. individuals/100 m?/.
Uncultivated fallow strips adjacent to conventional wheat fields had an average
of 3.9 bee species, 1.1 solitary bee individuals/100 m? and 3.7 bumblebees/100
m?. Bee species richness was 60% higher on uncultivated strips adjacent to
organic wheat fields than those adjacent to conventional wheat fields, and had
136% more solitary bees and 130% more bumblebees. Strips adjacent to organic
wheat fields also had more flowering plant species and higher flower cover.
Species richness and abundance of bees in fallow strips appeared to be limited
by foraging resources, which were more abundant when adjacent fields were
organic. However, only bees that gather pollen from a range of plants were found
on fallow strips during surveys. Specialist bees did not appear to benefit from
fallow strips, suggesting that they do not completely compensate for missing
semi-natural habitats. Bees were surveyed along 100 m transects four times in
May-June 2003 in 42 paired fallow strips adjacent to organic/conventional fields.
Flowering plants were surveyed in bee transects and in two transects along the
centre and edge of the adjacent field. All fallow strips were mown once a year,
with an average width of 2.6 m.

A replicated, controlled study in 2000-2003 of a grass crop field in Norway
(41) found that plant species diversity was higher in strips sown with a
grass/wildflower mixture than strips left to regenerate naturally or in the grass
crop. There were 10-12 plant species/quadrat in four 2 m-wide naturally
regenerated strips on average, compared to 17-18 species/quadrat in a strip
sown with grass and flower mixture, and 7-9 species/quadrat in a control strip
of the main grass crop. Naturally regenerated strips were dominated by grasses
and perennial weeds. Four strips (2 m wide) were ploughed, perpendicular to an
existing semi-natural margin, in May 2000. One half of each was left to
regenerate naturally, the other half was sown with a grass/meadow flower (22
species) seed mixture. Sown strips did not receive fertilizer and were cut once
(late September). Permanent quadrats (0.5 x 0.5 m) were sampled in the grass
crop and strips in June 2000-2003.

The second monitoring year of the same replicated, controlled study as (38)
in the UK from 2005-2007 (42) found that naturally regenerated plots had more
plant species and more vacuum-sampled invertebrates (individuals and groups)
than control plots, but not more butterflies (Lepidoptera) or birds in winter.
Naturally regenerated plots had 6 plant species/m?; 7 bumblebee Bombus spp.
individuals/plot; 5 butterfly individuals and two butterfly species/plot,
compared to 3 plant species/m2; 0 bumblebee individuals, and 1 butterfly
individual/plot on control cereal plots. Control plots had 254 vacuum-sampled
canopy-dwelling invertebrates/m?2 on average, compared to 840-1,197/m? on
other treatments. Plants were monitored in three 1 m? quadrats per plot in June
2007. Butterflies, bumblebees and flowering plants were recorded in a 6 m-wide
transect six times between July and September in 2006 and 2007. Invertebrates
in the vegetation were vacuum-sampled in early July 2007. Farmland birds were
counted on each plot on four counts between December 2007 and March 2008.
The crop control in year two was winter wheat.

A replicated, controlled trial from 2002-2004 in County Wexford, Ireland
(43) found that 1.5-3.5 m wide margins of permanent pasture fields fenced to
exclude livestock had more springtails (Collembola: Anthropleona) and spiders
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(Araneae) than control margins. Margins that were rotavated and left to
naturally regenerate also had more flies (Diptera) and plant species than control
plots. These margins had around 12 plant species/plot in 2002, degrading to just
over 5 plant species/plot in 2004, compared to less than five plant species/plot
throughout the study in control plots and unrotavated fenced margins. Some
undesirable weeds, such as broad-leaved dock Rumex obtusifolius, established in
rotavated plots. Margin width made no difference to plant species richness.
Allowing grazing on half of each plot from 2003-2004 (one year after margin
establishment) did not affect the number of plant species the following year.
Plots were 30 m long, with three replicates of each treatment combination.
Plants were monitored in permanent quadrats in July 2002, May and July 2003
and May 2004. Invertebrates were sampled in six emergence traps per plot,
between May and September 2003. Ground areas under the emergence traps
were sampled with a vacuum sampler.

A replicated, controlled study in 2005-2006 on mixed lowland farms in
Scotland (44), found that a larger proportion of early-summer yellowhammer
Emberiza citrinella foraging flights were in field margins (32% of 233 flights
from 10 nests), compared to cereal crops (8%). However, in late summer, cereal
fields were used more (up to 56% of 506 flights) and field margins less (down to
15%). Field margins supported higher total invertebrate abundance than spring
or winter barley across the summer period (average total invertebrate
abundance was 45 in margins compared to 28 and 23 in spring and winter barley
respectively). In 2006, sections of margins around some nests were cut down to
the soil. These patches measured 15 x 1 m and comprised 2% of margin area.
They were used for 3% of 172 foraging flights in early summer and 34% of 77
foraging flights in late summer. Cut patches were used more frequently in
margins with swards >60 cm tall. The authors suggest that yellowhammers used
cut patches disproportionately as the uncut sections grew taller and so reduced
access to invertebrates. The study was carried out on five farms. Yellowhammer
foraging flights were recorded from May-August 2005. Thirty yellowhammer
nests with nestlings were observed, each for a three hour period between 07.00
h and 11.00 h. Foraging locations of adult birds from the nest site were recorded
on sketch maps, and following the observation period each foraging site was
visited and the distance from the nest measured.

A replicated, controlled study in summer 2006 in north Germany (45) found
that species richness and abundance of hoverflies (Syrphidae) during the wheat
peak-ripening stage was higher in naturally developed grass strips (3 m wide,
seven sites) than in wheat-wheat boundaries (seven sites) and within the wheat
fields adjacent to the margins (seven sites), but lower than in sown flower strips
(seven sites each). Hoverfly density and species richness increased with
increasing amount of arable land at smaller scales (0.5 and 1 km around site) but
not at larger scales (2 and 4 km). This was true for all hoverflies and all aphid-
eating hoverfly species. Margins were located along a gradient of different
habitat complexities in the surrounding landscape, ranging from 30% to 100%
arable land. Hoverflies were captured by sweep netting (one sweep per footstep)
along 100 m transects.

A literature review in 2009 of European farmland conservation practices
(46) found that sown uncropped field margins were used by foraging
bumblebees Bombus spp. more than other margin types, including naturally
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regenerated margins. Naturally regenerated margins were found to hold many
important food species for birds (both invertebrate and plant). In addition rare
plants, such as rough poppy Papaver hybridum, may be found in naturally
regenerating margins. The authors argue that on poor soils with a diverse seed
bank, naturally regenerating margins may have a greater diversity of plants and
be of greater conservation value than seeded grass margins, but if soils are rich
then they can become dominated by a few species.

A replicated, site comparison study in 2010 on lowland farmland in England
(47) found no consistent association between the provision of uncultivated field
margins on arable or pastoral farmland and farmland bird numbers three years
after the 2005 introduction of the Countryside Stewardship Scheme and Entry
Level Stewardship agri-environment schemes. Although plots with field margins
did see more positive population changes (increases or smaller decreases
relative to other plots) of rook Corvus frugilegus, starling Sturnus vulgaris and
woodpigeon Columba palumbus the effect was small. For example, starlings
showed increases of only 0.0002 individuals for every 0.001 km? of margin in
mixed farmland plots. Other species expected to benefit from margin provision
including corn bunting Emberiza calandra, grey partridge Perdix perdix, kestrel
Falco tinnunculus, jackdaw Corvus monedula, reed bunting E. schoeniclus, and
common whitethroat Sylvia communis showed no effect of margin management.
Yellowhammers Emberiza citrinella, which were also expected to benefit from
margin creation, showed a positive association in mixed landscapes, but a
negative association on grassland plots. The 2,046, 1 km? lowland plots were
surveyed in both 2005 and 2008 and classified as arable, pastoral or mixed
farmland. Eighty-four percent of plots included some area managed according to
Entry Level or Countryside Stewardship agri-environment schemes. In both
survey years, two surveys were conducted along a 2 km pre-selected transect
route through each 1 km? square, with all birds seen or heard recorded in
distance bands.

A replicated study in 2007 in Gloucestershire and Oxfordshire, England (48)
found that grey partridge Perdix perdix released in pairs in the spring used field
margins more frequently than birds released in coveys in the autumn. Four farms
were studied. Birds were radio-tagged and their positions marked on a 1:5,000
map.

A randomized, replicated trial from 1987 to 2000 in Oxfordshire, UK (49)
found that the number of plant species on naturally regenerated 2 m-wide
margins declined by about half over 13 years. There were 13-15 plant
species/quadrat in 1988 and 7-9 plant species/quadrat in 2000. The most rapid
decline was in the first two years, when many annual species were lost.
Herbicide-sprayed plots had fewer perennial plant species than other
management treatments from 1989 onwards (<6 perennial species/quadrat in
2000, compared to 6-8 for other treatments). After 13 years, naturally
regenerated plots tended to have fewer species than plots