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1. About this book

1.1
The

The Conservation Evidence project

Conservation Evidence project has four main parts:

1. The synopses of the evidence captured for the conservation of particular species

groups or habitats, such as this synopsis. Synopses bring together the evidence
for each possible intervention. They are freely available online and, in some cases,
available to purchase in printed book form.

. An ever-expanding database of summaries of previously published scientific

papers, reports, reviews or systematic reviews that document the effects of
interventions. This resource comprises over 8,500 pieces of evidence, all available
in a searchable database on the website www.conservationevidence.com.

. What Works in Conservation, which is an assessment of the effectiveness of

interventions by expert panels, based on the collated evidence for each
intervention for each species group or habitat covered by our synopses. This is
available as part of the searchable database and is published as an updated book
edition each year (www.conservationevidence.com/content/page/79).

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
(www.conservationevidence.com/collection/view).

1.2 The purpose of Conservation Evidence synopses

Conservation Evidence synopses Conservation Evidence synopses do

do not

e Bring together scientific evidence e Include evidence on the basic
captured by the Conservation Evidence ecology of species or habitats, or
project (over 8,500 studies so far) on the threats to them
effects of interventions to conserve
biodiversity

e List all realistic interventions for the e Make any attempt to weight or
species group or habitat in question, prioritize interventions according
regardless of how much evidence for to their importance or the size of

their effects is available their effects


http://www.conservationevidence.com/
http://www.conservationevidence.com/content/page/79
http://www.conservationevidence.com/collection/view
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e Describe each piece of evidence, o Weight or numerically evaluate
including methods, as clearly as possible, the evidence according to its
allowing readers to assess the quality of quality
evidence

e Work in partnership with conservation e Provide recommendations for
practitioners, policymakers and scientists conservation problems, but
to develop the list of interventions and instead provide scientific
ensure we have covered the most information to help with
important literature decision-making

1.3 Who this synopsis is for

If you are reading this, you may be 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 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 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).

1.4 Background

Butterflies and moths (Lepidoptera) are the second most diverse Order of animals on
Earth (after beetles), with around 180,000 species currently described, representing
10% of all described species (Jordan & Bohm 2021, Mallet 2014). They have a diverse
life cycle with four distinct stages: egg, caterpillar, pupa and adult. The adults and
caterpillars fill different ecological niches. The adults are mobile and feed mostly on
sugars, such as flower nectar or fruit, while the caterpillars are normally herbivorous
and feed mostly on leaves or dead wood, although a few species are carnivorous
(Goldstein 2017). Some species specialize on feeding on just one or a few plant species
as caterpillars, while others are more generalist and can eat a wider range of host
plants (Thomas & Lewington 2016).


http://www.cebc.bangor.ac.uk/
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Butterflies and moths play a vital role in many terrestrial ecosystems, with adults
acting as pollinators for a wide range of plant species (Hahn & Briihl 2016, Willmer
2011), while caterpillars consume large quantities of vegetation. Both are a critical
food source for a variety of predators, including birds (Naef-Daenzer & Keller 2001),
mammals (Black 1974, Whitaker & Black 1976), and other insects (Goldstein 2017).
For example, in temperate regions, some insectivorous birds time their breeding cycle
to coincide with the emergence of caterpillars in spring (Hinks et al. 2015), and many
species of insect parasitoids specialize on caterpillars of a single species for their own
reproductive cycle (Goldstein 2017).

Their diverse life-cycle means that butterflies and moths can function as ecological
indicators, because they require a diverse range of resources in their habitat (Lomov
et al. 2006). However, this same fact presents a particular challenge for conservation,
with many species having exacting habitat requirements (Hayes et al. 2018, Thomas
1980) and limited dispersal ability (Thomas & Harrison 1992). On the other hand,
species such as the Monarch Danaus plexippus and Painted Lady Vanessa cardui
undertake long-distance migrations across multiple generations, requiring suitable
habitat at a continental-scale in order to complete their life-cycle (Dilts et al. 2019,
Stefanescu et al. 2017).

Butterflies are probably the most popular and well-known group of insects, and have
perhaps the longest history of collecting (New 2004) and ecological recording (Bell et
al. 2020, Thomas 2005). In an era of increasing concern about global declines in insect
abundance (Hallmann et al. 2017, Leather 2017, van Klink et al. 2020), much of the
evidence for these declines come from butterflies and moths (Bell et al. 2020, Fox et
al. 2015, Fox et al. 2021, van Strien et al. 2019, van Swaay et al. 2010, Wagner et al.
2021, Warren et al. 2021, Wepprich et al. 2019). However, the majority of studies are
from Europe and North America (although see Janzen & Hallwachs 2021 and Theng et
al. 2020), and offer an incomplete picture of trends globally.

Nonetheless, butterflies and moths face a wide range of threats. As with many species,
the greatest hazard comes from habitat loss and conversion, primarily to agriculture,
and intensification of farming practices (Bubova et al. 2015, Maes & Van Dyck 2001,
Numa et al. 2016, van Swaay et al. 2010). In some regions, particularly Europe, this
has led to local extinction of specialist species from heavily modified landscapes
(Theng et al. 2020, van Strien et al. 2019), possibly exacerbated by historical over-
collecting (Duffey 1968). However, some species of butterfly and moth, whose
caterpillars feed on crops, are important pest species (Goldstein 2017), and the use of
chemicals to control them, and other insect pests, can have non-target impacts on a
wide diversity of non-pest species (Gilburn et al. 2015, Numa et al. 2016). Elsewhere,
the spread of non-native vegetation and changes to the traditional management of
habitats such as grassland and woodland, including land abandonment, has resulted
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in a reduction in suitability for some species (Bubova et al. 2015, Henning et al. 2009,
Numa et al. 2016, Slancarova et al. 2016). Additionally, increased human intrusion into
natural habitats — through urban expansion, road and rail infrastructure, and the
associated increase in light pollution — are all disrupting the suitability of habitats for
butterflies and moths (Boyes et al. 2021). On top of this, climate change is altering the
suitability of landscapes for species (Numa et al. 2016, Settele et al. 2008, van Swaay
et al. 2010), and many butterflies and moths are already responding, with changes in
phenology (Stefanescu et al. 2003, Van Dyck et al. 2015), range shifts (Devictor et al.
2012, Mason et al. 2015, Parmesan et al. 1999, Wilson et al. 2005, Wilson et al. 2007),
and population expansions and declines (Forister et al. 2021, Hill et al. 2021). These
changes threaten to mis-match butterflies and moths with their foodplants (Navarro-
Cano et al. 2015), and are exacerbated by the already fragmented habitat in which
populations persist.

While it is relatively easy to gather support for the conservation of conspicuous and
recognisable butterflies, and to an extent macro-moths, the largely unknown micro-
moths are harder to promote (New 2004). Yet this runs counter to their diversity
(there are around 18,000 species of butterfly, compared to 160,000 moths), and
ecological significance (Jordan & B6hm 2021). As of May 2021, only 1,377 species of
butterfly and moth have received IUCN Red List assessments, and the majority of
those (=550 species) are the large and conspicuous swallowtails (Papilionidae) and the
European butterflies (Jordan & Bohm 2021, van Swaay et al. 2010).

Of the communities which have been assessed, 9% (37 of 435 species) of European
butterflies are considered threatened (Critically Endangered, Endangered or
Vulnerable), with a further 10% (44 species) Near Threatened. However, 31% are
declining in abundance while only 4% are increasing, although 10% do not have
enough data to establish trends (van Swaay et al. 2010, van Swaay et al. 2011). A more
recent assessment of 463 Mediterranean butterflies (which has some overlap in scope
with van Swaay et al. 2010), found 5% (19 species) to be threatened and 2% Near
Threatened, with more than 6% Data Deficient (Numa et al. 2016). In South Africa, 63
out of 801 species (7.9%) have been assessed as threatened, with a further 16 species
Near Threatened or Data Deficient (Terblanche & Henning 2009). Overall, butterflies
and moths with specialist habitat requirements, limited dispersal ability, and small
ranges are likely to face greater extinction risks (Collen et al. 2012, Hill et al. 2021).
However, for most tropical regions these assessments are absent.

Conservation management is required to reverse these declining population trends,
and to recover species that have suffered local extinctions. Some conservation actions
for target species have been remarkably successful. For example, the large blue
Phengaris arion, which went extinct in the UK in 1979, was successfully reintroduced
in the 1980s following efforts to understand its complex ecological requirements, and
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the implementation of suitable grassland management actions (Thomas 1980,
Thomas et al. 2009).

Evidence-based knowledge is key for planning successful conservation strategies and
for the cost-effective allocation of scarce resources (Sutherland et al. 2004). To date,
butterfly and moth conservation efforts have largely focused on habitat management
and restoration, often in human-modified landscapes such as agricultural areas or
managed woodland, and with a particular focus on encouraging host plant
populations (Henning et al. 2009). For rare or locally extinct species, captive-breeding
and translocations have also been widely used (Duffey 1968, Wardlaw et al. 1998).
Targeted reviews may be carried out to collate evidence on the effects of a particular
conservation intervention, but this approach is labour-intensive, expensive and ill-
suited for areas where the data are scarce and patchy. The evidence for the
effectiveness of conservation interventions aimed at invertebrates is scarcer than for
vertebrate taxa (Eisenhauer et al. 2019), and accordingly, only a small number of
targeted reviews on butterflies and moths exist (e.g. Bernes et al. 2018, Bubova et al.
2015, Davies et al. 2008, Frampton & Dorne 2007, Humbert et al. 2012, Jakobsson et
al. 2018, Wardlaw et al. 1998). These have not yet been synthesized in a formal
review.

Here, we use a subject-wide evidence synthesis approach (Sutherland et al. 2019) to
simultaneously summarize the evidence for all interventions dedicated to the
conservation of butterflies and moths. By simultaneously targeting the entire range of
potential interventions, we are able to review the evidence for each intervention cost-
effectively. The resulting synopsis can be updated periodically and efficiently to
incorporate  new research. The synopsis is freely available at
www.conservationevidence.com and, alongside the Conservation Evidence online

database, is a valuable asset to the toolkit of practitioners and policy makers seeking
sound information to support butterfly and moth conservation.

1.5 Scope of the Butterfly and Moth Conservation synopsis
Review subject

The original aim of this project was to synthesize the global evidence for the
effectiveness of interventions for the conservation of all terrestrial and freshwater
invertebrates (Bladon & Smith 2019). However, following the literature searches (see
below) the extent of the literature was found to be too great for the time available, so
the scope of the synopsis was narrowed.

This synthesis focuses on global evidence for the effectiveness of interventions for the
conservation of butterflies and moths (Lepidoptera). This subject has not previously
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been covered by a subject-wide evidence synthesis. This is a systematic method of
reviewing and synthesising evidence that covers broad subjects (in this case
conservation of multiple taxa) at once, including all closed review topics within that
subject at a fine scale, and analysing results through study summary and expert
assessment, or through meta-analysis. The term can also refer to any product arising
from this process (Sutherland et al. 2019).

For this synthesis, conservation interventions include management measures or
interventions that aim to conserve wild butterfly and moth populations and reduce or
remove the negative effects of threats. We have not included evidence from the
literature on rearing captive butterflies and moths, except where these interventions
are relevant to the conservation of wild declining or threatened species, e.g. captive
breeding for the purpose of increasing population sizes (potentially for
reintroductions) or gene banking (for future release). The output is a transparent,
freely accessible evidence-base of summarized studies and expert assessment scores
that will support butterfly and moth management decisions and help to achieve
conservation outcomes.

Advisory board

For the original scope of the project (see above), an advisory board made up of
international conservationists and academics with expertise in terrestrial and
freshwater invertebrate conservation was formed. These experts contributed to the
evidence synthesis at two stages: identifying key sources of evidence; and developing
a comprehensive list of conservation interventions for review (Bladon & Smith 2019).
After the scope of the synopsis was narrowed to butterflies and moths, the advisory
board were offered the opportunity to continue if they felt able to review the revised
synopsis, and one accepted this offer. A second advisory board of international
conservationists and academics with expertise in butterfly and moth conservation was
then formed. These experts added to the evidence synthesis at a third stage, namely
reviewing the draft evidence synthesis. The original advisory board, for the broader
subject, is listed in Bladon & Smith (2019), and the second advisory board focused on
butterflies and moths is listed above.

Creating the list of interventions

At the start of the project, a comprehensive list of interventions was developed by
searching the literature and in partnership with the original advisory board. The list
was also checked by Conservation Evidence to ensure that it followed the standard
structure. The aim was to include all interventions that have been carried out or
advised to support populations or communities of terrestrial and freshwater
invertebrates, whether evidence for intervention effectiveness is available or not.
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During the synthesis process, further interventions were discovered and integrated
into the synopsis structure, and the list was narrowed to only include interventions
that could be implemented for butterflies and moths. The resulting list of
interventions is organized into categories based on the IUCN classifications of direct
threats (www.iucnredlist.org/resources/threat-classification-scheme) and

conservation actions (www.iucnredlist.org/resources/conservation-actions-

classification-scheme). For interventions with a large body of literature, the

intervention may be split into different methods of implementation (e.g. different
designs, seasons, methods for acclimatisation before release, etc.), different
species/functional groups, or broad habitats, if relevant to do so.

We found 202 conservation or management interventions that could be carried out
to conserve terrestrial and freshwater invertebrate populations, of which 151 could
be carried out to conserve butterflies and moths. We found evidence for the effects
on butterfly and moth populations for 105 of these interventions. The evidence was
reported as 587 summaries from 316 relevant publications.

1.6 Methods

1.6.1 Literature searches

Literature was obtained from the Conservation Evidence discipline-wide literature
database, and from searches of additional subject-specific sources (Appendices 1-3).
The Conservation Evidence database is compiled by using systematic searches of
journals (all titles and abstracts) and report series (‘grey literature’). Relevant
publications describing studies of conservation interventions for all species groups and
habitats were added to the database. Additional searches were conducted before the
scope of the synopsis was narrowed (see above), so covered literature relevant to all
terrestrial and freshwater invertebrates. Unfortunately, resource constraints
prevented later searches of butterfly- and moth-specific journals, the inclusion of
which may have increased the resulting evidence base. Future work will seek to
include these sources. The final list of evidence sources searched for this synopsis is
provided in Appendices 1-3 and published online
(www.conservationevidence.com/journalsearcher/synopsis).

a) Global evidence
Evidence from all around the world was included.
b) Languages included

Journals published in a total of 17 languages were searched and relevant papers
extracted:


file:///C:/Users/rebks/Downloads/www.iucnredlist.org/resources/threat-classification-scheme
http://www.iucnredlist.org/resources/conservation-actions-classification-scheme
http://www.iucnredlist.org/resources/conservation-actions-classification-scheme
http://www.conservationevidence.com/journalsearcher/synopsis
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e Arabic (11 journals)

e Chinese, simplified (61 journals)
e Chinese, traditional (14 journals)
e English (301 journals)

e French (13 journals)

e German (39 journals)

e Hungarian (4 journals)

e ltalian (7 journals)

e Japanese (18 journals)

e Korean (5 journals)

e Persian (9 journals)

e Polish (10 journals)

e Portuguese (29 journals)

e Russian (12 journals)

e Spanish (59 journals)

e Turkish (22 journals)

e Ukrainian (3 journals)

Journals listed as “English” are either published in English or at least carry English
summaries (Appendix 1). Non-English-language journals are listed in Appendix 2.

c) Journals searched
i) From the Conservation Evidence discipline-wide literature database

All journals (and years) listed in Appendices 1b and 2 were searched for the
Conservation Evidence project. An asterisk indicates the journals most relevant to this
synopsis, but relevant papers found in any of the searched journals were summarized.

ii) Update searches

Additional searches up to the end of 2018 were undertaken by the synopsis authors
for journals likely to yield studies for invertebrates (Appendix 1a, journals marked with
asterisks).

iii) New searches

New focused searches of journals relevant to the conservation of terrestrial and
freshwater invertebrate populations were undertaken by the synopsis authors
(Appendix 1a, journals indicated in bold). These journals were identified through
expert judgement by the project researchers and the advisory board and ranked in
order of relevance.

d) Reports from specialist websites searched
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i) From the Conservation Evidence discipline-wide literature database

All report series (and years) in Appendix 3b were searched for the Conservation
Evidence project. An asterisk indicates the report series most relevant to this synopsis,
but relevant reports found in any of the searched series were summarized.

ii) Update searches

Updated searches of report series already searched as part of the wider Conservation
Evidence project were not undertaken for this synopsis.

iii) New searches

New searches targeting specialist reports relevant to terrestrial and freshwater
invertebrate conservation are listed in Appendix 3a. These searches reviewed every
report title and abstract or summary within each report series (published before the
end of 2018).

e) Other literature searches

The online database www.conservationevidence.com was searched for relevant

publications that have already been summarized.

Where a systematic review was found for an intervention, then only the systematic
review was summarized (the separate relevant publications reference within it were
not summarized individually). Non-systematic reviews (or editorial, synthesis, preface,
introduction, etc.) that provided new/collective data were included/summarized (but
the relevant publications referenced within it were not summarized individually).
Relevant publications cited in other publications summarized for the synopsis were
not included/summarized.

f) Supplementary literature identified by advisory board or relevant
stakeholders

Additional relevant papers or reports suggested by members of the advisory board or
relevant stakeholders were also included.

g) Search record database

A database was created of all relevant publications found during searches. Reasons
for exclusion were recorded for all those included during screening that were not
summarized for the synopsis.

1.6.2 Publication screening and inclusion criteria


http://www.conservationevidence.com/
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A summary of the total number of evidence sources and papers/reports screened is
presented in the diagram in Appendix 4.

a) Screening

To ensure consistency/accuracy when screening publications for inclusion in the
literature database, an initial test using the Conservation Evidence inclusion criteria
(provided below) and a consistent set of references was carried out by authors,
compared with the decisions of the experienced core Conservation Evidence team.
Results were analysed with the Cohen’s Kappa test (Cohen 1960). Where initial results
did not show ‘substantial’ (K = 0.61-0.8) or ‘almost perfect’ agreement (K = 0.81-1.0),
authors were given further training. A second Kappa test was used to assess the
consistency/accuracy of article screening for the first two years of the first journal
searched by each author. Again, where results did not show ‘substantial’ or ‘almost
perfect’ agreement, authors received further training before carrying out further
searches. Authors of other synopses who have searched journals and added relevant
publications to the Conservation Evidence literature database since 2018, and all
other searchers since 2017, have undertaken the initial paper inclusion test described
above; searchers prior to that have not. Kappa tests of the first two years searched
have been carried out for all new searchers who have contributed to the Conservation
Evidence literature database since July 2018.

We acknowledge that the literature search and screening method used by
Conservation Evidence, as with any method, will result in gaps in the evidence. The
Conservation Evidence literature database currently includes relevant papers from
over 300 English language journals and 316 non-English language journals. Additional
journals are frequently added to those searched, and years searched are often
updated. It is also possible that searchers will have missed relevant papers from those
journals searched. Publication bias, where studies reporting negative or non-
significant findings are less likely to be written up and published in journals (e.g. Dwan
et al. 2013), was not taken into account and it is likely that this, and other biases, exist
in the available evidence.

b) Inclusion criteria
The following Conservation Evidence inclusion criteria were used.

Criterion A: Conservation Evidence includes studies that measure the effect of an
intervention that might be done to conserve biodiversity

1. Does the study measure the effect of an intervention that is or was under the
control of humans, on wild taxa (including captives), habitats, or
invasive/problematic taxa? If yes, go to 3. If no, go to 2.
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2. Does the study measure the effect of an intervention that is or was under the
control of humans, on human behaviour that is relevant to conserving
biodiversity? If yes, go to Criterion B. If no, the study was excluded.

3. Could the intervention be put in place by a conservationist/decision-maker to
protect, manage or restore wild taxa or habitats, reduce impacts of threats to
wild taxa or habitats, or control or mitigate the impact of an
invasive/problematic taxon on wild taxa or habitats? If yes, the study was
included. If no, the study was excluded.

Explanation:

1.a. Study must have a measured outcome on wild taxa, habitats or invasive species:
studies on domestic/agricultural species, theoretical modelling or opinion pieces were
excluded. See Criterion B for interventions that have a measured outcome on human
behaviour only.

1.b. Intervention must be carried out by people: studies on impacts from natural
processes (e.g. tree falls, natural fires), impacts from background variation (e.g. soil
type, vegetation, climate change), correlations with habitat types, where there is no
test of a specific intervention by humans, or pure ecology (e.g. movement, distribution
of species) were excluded.

2. Study must test an intervention that could be put in place for conservation: studies
assessing the impact of threats were excluded, but interventions that remove threats
were included. The test may involve comparisons between sites/factors not originally
put in place or modified for conservation, but which could be (e.g. mown vs not mown
sites, fenced vs unfenced sites — where the mowing/fencing is as you would do for
conservation, even if that was not the original intention in the study).

If the title or abstract were suggestive of fulfilling our criteria, but there was not
sufficient information to judge whether the intervention was under human control,
the intervention could be applied by a conservationist/decision-maker or whether
there were data quantifying the outcome, then the study was included. If the article
had no abstract, but the title was suggestive, then a study was included.

We sorted articles into folders by which taxon/habitat they have an outcome on. If
the title/abstract did not specify which species/taxa/habitats were impacted, then the
full article was searched and assigned to folders accordingly.

The outcome for wild taxa/habitats can be negative, neutral or positive, does not have
to be statistically significant but must be quantified. It could be any outcome that has
implications for the health of individuals, populations, species, communities or
habitats, including, but not limited to the following:
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e Individual health, condition or behaviour, including in captivity: e.g. growth,
size, weight, stress, disease levels or immune function, movement, use of
natural/artificial habitat/structure, range, or predatory or nuisance behaviour
that could lead to retaliatory action by humans

e Breeding: egg/sperm/larvae production, sperm motility/viability after
freezing, artificial fertilization success, mating/hatching success, clutch size,
offspring condition, ‘overall recruitment’

e Genetics: genetic diversity, genetic suitability (e.g. adaptation to local
conditions, use of correct routes for migratory species, etc.)

e Life history: age/size at (sexual) maturity, survival, mortality

e Population measures: number, abundance, density, presence/absence,
biomass, movement, cover, age-structure, species distributions (only in
response to a human action), disease prevalence, sex ratio

e Community/habitat measures: species richness, diversity measures (including
trait/functional diversity), community composition, community structure (e.g.
trophic structure), area covered (e.g. by different habitat types), physical
habitat structure (e.g. rugosity, height, basal area)

Interventions within the scope of Conservation Evidence include:

e (Clear management interventions, e.g. prescribed burning, mowing, planting
vegetation, controlling or eradicating invasive species, creating wildlife road
crossings, creating or restoring habitats

e International or national policies, e.g. creation of protected areas, bylaws, local
voluntary restrictions

e Reintroductions or management of wild species in captivity

e Interventions that reduce human-wildlife conflict

e Interventions that change human behaviour, resulting in an impact on wild
taxa or habitats

See https://www.conservationevidence.com/data/index for more examples of

interventions.

Literature reviews, systematic reviews, meta-analyses or short notes that review
studies fulfilling these criteria were included. Theoretical modelling studies were
excluded, as no intervention has been taken. However, studies that use models to
analyse real-world data, or compare models to real-world situations were included.

Criterion B: Conservation Evidence includes studies that measure the effect of an
intervention that might be done to change human behaviour for the benefit of
biodiversity


https://www.conservationevidence.com/data/index
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1. Does the study measure the effect of an intervention that is or was under
human control on human behaviour (actual or intentional) which is likely to
protect, manage or restore wild taxa or habitats, or reduce threats to wild taxa
or habitats? If yes, go to 2. If no, the study was excluded.

2. Could the intervention be put in place by a conservationist, manager or
decision-maker to change human behaviour? If yes, the study was included. If
no, the study was excluded.

Explanation:

1.a. Study must have a measured outcome on actual or intentional human behaviour

including self-reported behaviours: outcomes on human psychology (tolerance,
knowledge, awareness, attitude, perceptions or beliefs) were excluded.

1.b. Change in human behaviour must be linked to outcomes for wild taxa and
habitats: changes in behaviour linked to outcomes for human benefit, even if they
occurred under a conservation program, were excluded (e.g. a study demonstrating
increased school attendance in villages under a community based conservation
program).

1.c. Intervention must be under human control: impacts from climatic or other natural
events were excluded.

2. Study must test an intervention that could be put in place for conservation: studies
with no intervention were excluded, e.g. correlating human personality traits with
likelihood of conservation-related behaviours.

The human behaviour outcome of the study can be negative, neutral or positive, does
not have to be statistically significant but must be quantified. It could be any behaviour
that is likely to have an outcome on wild taxa and habitats (including mitigating the
impact of an invasive/problematic taxon on wild taxa or habitats).

Interventions include, but are not limited to, the following:

e Change in adverse behaviours (which directly threaten biodiversity), e.g.
unsustainable or illegal hunting, burning, grazing, urban encroachment,
creating noise, entering sensitive areas, polluting or dumping waste, clearing
or habitat destruction, introducing invasive species

e Change in positive behaviours, e.g. uptake of alternative/sustainable
livelihoods, number of households adopting sustainable practices, donations

e Change in policy or conservation methods, e.g. designation of protected areas,
protection of key habitats/species
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e Change in consumer or market behaviour e.g. purchasing, consuming, buying,
willingness to pay, selling, illegal trading, advertising, consumer fraud
e Behavioural intentions to do any of the above

Interventions which are particularly likely to have a behaviour change outcome
include, but are not limited to the following:

e Enforcement: no grazing areas, grazing limits, protected species,
auditable/traceable reporting requirements, increase number of rangers,
patrols or frequency of patrols in, around or within protected areas, improved
fencing/physical barriers, improved signage, improved equipment/technology
used by guards

e Behaviour change: promote alternative/sustainable livelihoods, payment for
ecosystem  services, ecotourism, poverty reduction, debunking
misinformation, altering or re-enforcing local taboos, financial incentives

e Governance: protect or reward whistle-blowers, increase government
transparency, ensure independence of judiciary, provide legal aid

e Market regulation: trade bans, taxation, supply chain transparency laws

e Consumer demand reduction: increase awareness or knowledge, fear appeals
(negative association with undesirable product), benefit appeal (positive
association with desirable behaviour), worldview framing, moral framing,
employing decision defaults, providing decision support tools, simplifying
advice to consumers, promoting desirable social norms, legislative prohibition

e Sustainable alternatives: certification schemes, captive bred or artificial
alternatives, sustainable alternatives

e New policies and regulations for conservation/protection

We allocated studies to folders by their outcome. All studies under Criterion B were
placed in a ‘Behaviour change’ folder, and duplicated into a taxon/habitat folder if
there was a specific intended final outcome of the behaviour change (if none was
mentioned, they were filed only in Behaviour change).

c) Relevant subject

Studies relevant to the synopsis subject include those focused on the conservation of
wild, native, butterflies and moths.

d) Relevant types of intervention

Anintervention has to be one that could be put in place by a manager, conservationist,
policy-maker, advisor, consultant or scientific authority to protect, manage or restore
wild, native butterflies and moths or reduce the impacts of threats to them.
Alternatively, interventions may aim to change human behaviour (actual or
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intentional), which is likely to protect, manage or restore wild, native butterflies and
moths or reduce threats to them. See inclusion criteria above for further details.

If the following two criteria were met, a combined intervention was created within
the synopsis, rather than duplicating evidence under all the separate interventions: a)
there were five or more publications that used the same well-defined combination of
interventions, with a clear description of what they were, without separating the
effects of each individual intervention, and b) the combined set of interventions is a
commonly used conservation strategy.

e) Relevant types of comparator

To determine the effectiveness of interventions, studies must include a comparison,
i.e. monitoring change over time (typically before and after the intervention was
implemented), or for example at treatment and control sites. Alternatively, a study
could compare one specific intervention (or implementation method) against another.
For example, this could be comparing the abundance of a butterfly species before and
after the creation of a protected area, or the reduction in moth activity around
different types of artificial lights. Exceptions, which may not have a comparator but
were still included are, for example, studies assessing the effectiveness of captive
breeding or rehabilitation programmes.

f) Relevant types of outcome

Below we provide a list of anticipated metrics; others were included if reported within
relevant studies.

e Community response
o Community composition
o Richness/diversity
e Population response
o Abundance: number, density, presence/absence
o Reproductive success: egg/sperm/larvae production, mating/hatching
success, offspring quality/condition, overall recruitment, age/size at
maturity
Survival: survival rates, mortality
Condition: growth, size, weight, condition factors, biochemical ratios,
stress, energetics, disease levels or immune function, genetic diversity
e Behaviour
o Use of natural/artificial habitat/structure
o Behaviour change: movement, range, timing (e.g. of migration,
foraging period)
e Other
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o Change in human behaviour

o Human wildlife conflict

o Offspring sex ratio

g) Relevant types of study design

The table below lists the study designs included. The strongest evidence comes from

replicated, randomized, controlled trials with paired sites and before-and-after

monitoring.

Table 1. Study designs

Term

Meaning

Replicated

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. Replicates should reflect
the number of times an intervention has been independently carried out, from
the perspective of the study subject. For example, 10 plots within a mown field
might be independent replicates from the perspective of plants with limited
dispersal, but not independent replicates for larger motile animals such as birds.
In the case of translocations/release of captive bred animals, replicates should
be sites, not individuals. In the case of captive-breeding programmes, studies
were considered to be replicated when at least 5 breeding females were
included.

Randomized

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.

Paired sites

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

Controlled*

Individuals or sites treated with the intervention are compared with control
individuals or sites not treated with the intervention. (The treatment is usually
allocated by the investigators (randomly or not), such that the treatment or
control groups/sites could have received the treatment).

Before-and-after

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

imposed.
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Site A study that considers the effects of interventions by comparing sites that
comparison* historically had different interventions (e.g. intervention vs no intervention) or
levels of intervention. Unlike controlled studies, it is not clear how the
interventions were allocated to sites (i.e. the investigators did not allocate the
treatment to some of the sites).

Review A conventional review of literature. Generally, these have not used an agreed
search protocol or quantitative assessment of the evidence.

Systematic A systematic review follows structured, predefined methods to comprehensively
review collate and synthesise existing evidence. It must weight or evaluate studies, in
some way, according to the strength of evidence they offer (e.g. sample size and
rigour of design). Environmental systematic reviews are available at:
www.environmentalevidence.org/index.htm

Study If none of the above apply, for example a study measuring change over time in
only one site or only after an intervention. Or a study measuring use of nest

boxes at one site.

*Note that “controlled” is mutually exclusive from “site comparison”. A comparison cannot be both
controlled and a site comparison. However, one study might contain both controlled and site
comparison aspects, e.g. study of bycatch by fishers using modified nets (e.g. with a smaller mesh size)
and unmodified nets (controlled), and fishers using an alternative net modification, e.g. stiffened nets
(site comparison).

1.6.3 Study quality assessment & critical appraisal

We did not quantitatively assess the evidence from each publication or weight it
according to quality. However, to allow interpretation of the evidence, we reported
the size and design of each study. We appraised each potentially relevant study and
excluded those that did not provide data for a comparison to the treatment (where it
was needed), those that did not statistically analyse the results (or if included this was
stated in the summary paragraph), and those that had obvious errors in their design
or analysis. A record of the reason for excluding any of the publications was included
during screening and kept within the synopsis database.

1.6.4 Data extraction

Data on the effectiveness of the relevant intervention (e.g. mean species abundance
inside or outside a protected area; change in breeding success after instigation of a
new management action) were summarized for publications that included the
relevant subject, types of intervention, comparator and outcomes outlined above. A
summary of the number of sources and papers/reports searched and the number of
publications included following data extraction is presented in Appendix 4.
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In addition to ensuring consistency/accuracy when screening publications for
inclusion in the discipline-wide literature database (see above), when authors first
began summarizing, the first 10 publications were sent to Conservation Evidence for
editing. Furthermore, to ensure agreement on the correct data and interpretation of
the results for inclusion in the synopsis, relevant data were extracted by a member of
the core Conservation Evidence team as well as the synopsis author for a subset of
publications. Finally, summaries were occasionally swapped between authors for
quality control.

1.6.5 Evidence synthesis
a) Summary protocol

Each publication usually has one paragraph for each intervention it tests, describing
the study in no more than 150 words using plain English, although more complex
studies required longer summaries. Each summary is in the following format:

A [TYPE OF STUDY] in [YEARS X-Y] in [HOW MANY SITES] in/of [HABITAT] in
[REGION and COUNTRY] [REFERENCE] found that [INTERVENTION] [SUMMARY
OF ALL KEY RESULTS] for [SPECIES/HABITAT TYPE]. [DETAILS OF KEY RESULTS,
INCLUDING DATA]. In addition, [EXTRA RESULTS, IMPLEMENTATION OPTIONS,
CONFLICTING RESULTS]. The [DETAILS OF EXPERIMENTAL DESIGN,
INTERVENTION METHODS and KEY DETAILS OF SITE CONTEXT]. Data was
collected in [DETAILS OF SAMPLING METHODS].

Type of study — use terms and order in Table 1.

Site context — for the sake of brevity, only details essential to the interpretation of the results are
included. The reader is encouraged to read the original source to get a full understanding of the study
site (e.g. history of management, physical conditions, landscape context etc.).

For example:

A replicated, randomized, paired, controlled study in 1936-2009 in eight
sagebrush steppe sites in Oregon, USA (1) found that increasing the number of
livestock decreased grass and herb cover, but did not significantly alter shrub
cover. Grass and herb cover in grazed areas were lower (grass: 9%, herb: 17%)
than in areas that were not grazed (grass: 18%, herb: 24%). However, shrub cover
was not significantly different in grazed (16%) and ungrazed (16%) areas. Eight 2
ha fenced areas excluding livestock were established in 1936. Areas adjacent to
the fenced areas were grazed by cattle from 1936-2008. In summer 2009, four 20
m transects were established in each study area and vegetation cover was
assessed using a line intercept method.

(1) Davies K.W., Bates ].D., Svejcar T.J. & Boyd C.S. (2010) Effects of long-term livestock grazing
on fuel characteristics in rangelands: an example from the sagebrush steppe. Rangeland
Ecology & Management, 63, 662-669.
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A replicated, randomized, controlled, before-and-after study in 1993-1999 of
five harvested hardwood forests in Virginia, USA (2) found that harvesting trees
in groups did not result in higher salamander abundances than clearcutting.
Abundance was similar between treatments (group cut: 3; clearcut: 1/30 m?2).
Abundance was significantly lower compared to unharvested plots (6/30 m?2).
Species composition differed before and three years after harvest. There were five
sites with 2 ha plots with each treatment: group harvesting (2-3 small area group
harvests with selective harvesting between), clearcutting and an unharvested
control. Salamanders were monitored on 9-15 transects (2 x 15 m)/plot at night
in April-October. One or two years of pre-harvest and 1-4 years of post-harvest
data were collected.

(2) Knapp S.M., Haas C.A., Harpole D.N. & Kirkpatrick R.L. (2003) Initial effects of clearcutting and
alternative silvicultural practices on terrestrial salamander abundance. Conservation Biology,
17,752-762.

b) Terminology used to describe the evidence

Unless stated otherwise, results reflect statistical tests performed on the data, i.e. we
only state that there was a difference if it was supported by the statistical test used,
and otherwise state that there was no difference or that outcomes were similar. If
there was a good reason to report differences between treatments and controls that
were not tested for statistical significance, it was made clear in the summary that
statistical tests were not carried out. Table 1 above defines the terms used to describe
the study designs.

Throughout the synthesis, the terms “butterflies” and “moths” are used for adults,
and whenever studies covered other lifestages (eggs, caterpillars or pupae) this is
stated explicitly.

c) Dealing with multiple interventions within a publication

When separate results were provided for the effects of each of the different
interventions tested, separate summaries were written under each intervention
heading. However, when several interventions were carried out at the same time and
only the combined effect reported, the result was described with a similar paragraph
under all relevant interventions. In these circumstances, we made it clear in the
summary paragraph where multiple interventions were used in combination. For
example, the first sentence would articulate that a combination of interventions was
carried out, i.e. ‘... (REF) found that [x intervention], along with [y] and [z
interventions], resulted in [describe effects]’.

d) Dealing with multiple publications reporting the same results and reviews

If two publications described results from the same intervention implemented in the
same place and at the same time, we only included the higher profile publication (i.e.



31

journal of the highest impact factor). If one included initial results (e.g. after year one)
of another (e.g. after 1-3 years), we only included the publication covering the longest
time span. If two publications described at least partially different results, we included
both but made clear they were from the same project in the paragraph, e.g. ‘A
controlled study... (Gallagher et al. 1999; same experimental set-up as Oasis et al.
2001)...".

e) Taxonomy

Taxonomy was not updated but follows that used in the original publication. Where
possible, common names and scientific names were both given the first time each
species was mentioned within each summary, but not in the Key Messages.

f) Key messages

Each intervention has a set of concise, bulleted key messages at the top, written after
all the literature had been summarized. These include information such as the
number, design and location of studies included. The first bullet point describes the
total number of studies that tested the intervention and the locations of the studies,
followed by key information on the relevant metrics presented under the headings
and sub-headings shown below (with number of relevant studies in parentheses for
each).

e Xstudies examined the effects of [INTERVENTION] on [TARGET POPULATION]. Y studies were
in [LOCATION 1]"2and Z studies were in [LOCATION 234,
Locations will usually be countries, ordered based on chronological order of studies rather than
alphabetically, i.e. ‘the USA', Australia?’ rather than ‘Australia?, the USA"’. However, when more
than 4-5 separate countries, they may be grouped into regions to make it clearer e.g. Europe, North
America. The distribution of studies amongst habitat types may also be added here if relevant.

COMMUNITY RESPONSE (x STUDIES)
e Community composition (x studies):
e Richness/diversity (x studies):

POPULATION RESPONSE (x STUDIES)

e Abundance (x studies):
Reproductive success (x studies):
Survival (x studies):

Condition (x studies):

BEHAVIOUR (x STUDIES)
e Use (x studies):
e Behaviour change (x studies):
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OTHER (x STUDIES) (Included only for interventions/chapters where relevant)
e [Sub-heading(s) for the metric(s) reported will be created] (x studies):

If no suitable studies are found for an intervention, the following text was added in
place of the key messages above:

o We found no studies that evaluated the effects of [INTERVENTION] on [TARGET
POPULATION].

'We found no studies’ means that we have not yet found any studies that have directly evaluated this intervention
during our systematic journal and report searches. Therefore, we have no evidence to indicate whether or not
the intervention has any desirable or harmful effects.

g) Background information

Background information for an intervention is provided to describe it and where we
feel recent knowledge is required to interpret the evidence. This is presented after the
key messages, and relevant references are included in a reference list at the end of
the Background section. In some cases, where a body of literature has strong
implications for butterfly and moth conservation, but does not directly test
interventions for their effects, we may also refer the reader to this literature in the
background sections.

1.6.6 Dissemination/communication of evidence synthesis
The information from this evidence synthesis is available in three ways:

e A synopsis pdf, downloadable from www.conservationevidence.com, contains

the study summaries, key messages and background information on each
intervention.
e The searchable database at www.conservationevidence.com contains all the

summarized information from the synopsis, along with expert assessment
scores.

e Achapterin “What Works in Conservation”, available as a pdf to download and
a book from www.conservationevidence.com/content/page/79, contains the

key messages from the synopsis as well as expert assessment scores on the
effectiveness and certainty of the synopsis, with links to the online database.

1.7 How you can help to change conservation practice

If you know of evidence relating to butterfly and moth conservation that is not
included in this synopsis, we invite you to contact us via our website
www.conservationevidence.com. If you have new, unpublished evidence, you can

submit a paper to the Conservation Evidence Journal


http://www.conservationevidence.com/
http://www.conservationevidence.com/
https://d.docs.live.net/0ae319e2bbb01929/Documents/Documents/Cambridge%20work/Home%20PC/Conservation%20evidence/Reptile%20synopsis/Building%20chapters/www.conservationevidence.com/content/page/79
http://www.conservationevidence.com/
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(https://conservationevidencejournal.com/). We particularly welcome papers

submitted by conservation practitioners.
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2. Threat: Residential and commercial development

Background

Residential and commercial developments pose a number of threats to butterflies
and moths, through the loss of habitat during construction, the replacement of
native vegetation with non-native turf and ornamental landscapes, and the
unfavourable management of urban green spaces in the longer term. This chapter
covers actions which aim to protect, restore and better manage urban habitats for
the benefit of butterflies and moths. Further threats from development include the
destruction of habitat, pollution and impacts from ‘transportation and service
corridors’. Actions in response to these threats are described in ‘Habitat
restoration and creation’, ‘Threat: Pollution’ and ‘Threat: Transportation and
service corridors’.

2.1. Plant parks, gardens and road verges with
appropriate native species

e Eight studies evaluated the effects on butterflies and moths of planting parks and
gardens with appropriate native species. Seven were in the USA28 and one was in
Germany.

COMMUNITY RESPONSE (5 STUDIES)

¢ Richnessl/diversity (5 studies): Three of five replicated studies (including three paired,
three controlled and two site comparison studies) in Germany' and the USA34.7:8 found
that gardens3” and road verges' planted with native species had a greater species
richness of butterfly and moth adults' and caterpillars®7 than gardens or verges with
mixed or exclusively non-native plant species. The other two studies found that the
species richness of adult butterflies was similar in areas planted with native or non-native
flowers#$.

POPULATION RESPONSE (6 STUDIES)

e Abundance (4 studies): Two of three replicated studies (including two paired and two
controlled studies) in the USA37.8 found that gardens planted with native species had a
higher abundance of butterfly and moth caterpillars than gardens with mixed or
exclusively non-native plant species3. The third study found that the abundance of adult
butterflies was similar in areas planted with native or non-native flowers®. One replicated,
randomized, controlled study in the USAS found that when taller native milkweed species
were planted, they had a higher abundance of monarch butterfly eggs and caterpillars
than shorter milkweed species.

e Survival (2 studies): One of two replicated, site comparison studies in the USA25 found
that the survival of pipevine swallowtail eggs and caterpillars was lower on California
pipevine planted in gardens than in natural sites?. The other study found that the survival
of monarch butterfly caterpillars was similar on common milkweed planted in gardens
and meadows?.

e Condition (1 study): One replicated, randomized, controlled study in the USA® found
that the growth of monarch butterfly caterpillars was similar on eight different native
milkweed species®.
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BEHAVIOUR (2 STUDIES)

e Use (2 studies): One of two replicated, site comparison studies in the USA25 found that
monarch butterfly adults used common milkweed planted in gardens more than
milkweed planted in meadows?. The other study found that pipevine swallowtail adults
used California pipevine planted in gardens less than in natural sites?.

Background

Non-native ornamental plants dominate urban and suburban landscapes. A large
number of butterflies and moths have specialist feeding requirements, and can
only feed as caterpillars, or occasionally adults, on plants which they have evolved
with (Burghardt et al. 2008). Therefore, butterfly and moth species richness often
correlates with the number of potential larval host plant species present in urban
parks (Koh & Sodhi 2004), and planting more native species may benefit a wide
range of butterflies and moths. Moreover, caterpillar growth and survival can vary
between different host plant species (Pocius et al. 2017), so the choice of host
species for planting may be important.

Note that some non-native plants may still provide important nectar resources for
butterflies and moths. For studies which include deliberate planting of non-native
species, see “Practise ‘wildlife gardening”.

Burghardt K.T., Tallamy D.W. & Shriver W.G. (2008) Impact of native plants on bird and butterfly
biodiversity in suburban landscapes. Conservation Biology, 23, 219-224.

Koh L.P. & Sodhi N.S. (2004) Importance of reserves, fragments, and parks for butterfly
conservation in a tropical urban landscape. Ecological Applications, 14, 1695-1708.

Pocius V.M., Debinski D.M., Pleasants ].M., Bidne K.G., Hellmich R.L. & Brower L.P. (2017) Milkweed
Matters: Monarch Butterfly (Lepidoptera: Nymphalidae) Survival and Development on Nine
Midwestern Milkweed Species. Environmental Entomology, 46, 1098-1105.

A replicated, site comparison study in 1992-1996 in urban road verges in
Baden-Wiirttemberg, Germany (1) reported that road verges sown with native
wildflowers had a greater species richness of butterflies and day-flying moths than
verges with non-native vegetation. Results were not tested for statistical
significance. Over four years, eight butterfly and moth species were recorded on
two verges sown with wildflowers, compared to none on verges with non-native
plants. Only one species, small white Pieris rapae, occurred every year in the sown
verges. Two road verges (1,100-1,500 mZ2, up to 5-35 m wide) on busy roads in
the centre of Stuttgart were sown with annual and biennial native wildflowers
including white stonecrop Sedum album, common self-heal Prunella vulgaris,
greater knapweed Centaurea scabiosa and wild carrot Daucus carota. For
comparison an unspecified number of vegetated road verges that contained non-
native bearberry cotoneaster Cotoneaster dammeri, scarlet firethorn Pyracantha
ccoccinea and cultivated roses were also surveyed. From April-August 1992-1994
and 1996, butterflies and day-flying moths were surveyed 6-10 times/year on
each verge, and plants were occasionally searched for caterpillars.

A replicated, site comparison study in 2001-2002 in 32 gardens and 20 mixed
woodlands in California, USA (2) found that California pipevine Aristolochia
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californica planted in gardens was used less by pipevine swallowtails Battus
philenor and had lower egg and caterpillar survival compared to that in natural
sites. Adult swallowtails visited fewer gardens (9/32) than natural sites (19/20)
where pipevine occurred, and eggs were laid in fewer gardens (7/32) than natural
sites (19/20). Egg survival was lower in gardens (42-70%) than in natural sites
(57-91%). Adult and egg presence were higher where pipevines were at least 7-
(adults) and 17-years-old (eggs), and egg and caterpillar survival were higher at
sites with older (>40 years) and larger pipevines (>185 m? of foliage) than in
recently planted sites (data presented as model results). Egg densities were higher
on pipevines grown in the sun (2-5.5 eggs/m?/week) than in the shade (0-2
eggs/m?/week). In 2001, nine gardens where pipevine had been planted and nine
riparian oak woodland and redwood forests with naturally occurring pipevine
were selected. In 2002, twenty-three gardens and 11 natural sites were studied.
From March-July 2001-2002, pipevine foliage at each site was inspected for >15
minutes/week, and all swallowtail eggs, caterpillars and adults recorded. In 2002,
the number of eggs/m? of foliage growing in the sun and shade at four garden and
four natural sites was counted weekly for 12 weeks, and the survival of marked
egg masses was recorded.

A replicated, paired, site comparison study in 2006 in 12 suburban gardens in
Pennsylvania, USA (3) found that gardens planted exclusively with native plants
had four times more butterfly and moth caterpillars and three times more
caterpillar species than gardens with a conventional mixture of native and non-
native plants. Both the abundance (12.7 individuals/site) and species richness
(6.8 species/site) of caterpillars were higher in gardens with native plants than in
conventional gardens (abundance: 3.0 individuals/site; richness: 1.8
species/site). Six pairs of gardens (0.13-5.26 ha) within 1.6 km of each other, and
with similar area, vegetation structure and surrounding landscape, were selected.
One garden in each pair was planted exclusively with native plants (canopy,
understorey, shrubs and grasses), while the other contained a conventional mix of
cool-season Eurasian grasses, Asian shrubs and understorey trees, and native
canopy. From August-September 2006, each garden was surveyed once. All
butterfly and moth caterpillars on all twigs and vegetation within reach and within
a 0.5-m radius of 12 evenly-spaced points/garden were identified.

A replicated, paired, controlled study in 2004-2006 in 18 urban gardens in
New York, USA (4) found that planting native plants did not increase the number
of butterflies in gardens. In gardens where native wildflowers were planted, the
number of species of butterflies was similar to gardens where no additional
flowers were planted (data not presented). In addition, 88% of butterflies seen on
flowers were using non-native species (statistical significance not assessed). In
August 2004, in each of nine gardens (224-2,188 m?2, 0-33 years old), 70 plants of
seven native wildflower species were planted in a sunny, composted 10 m? plot
(or additional 24-inch diameter pots where limited soil was available). Any lost
plants were replaced in May 2005. In a further nine gardens, similar in size and
floral area, no wildflowers were planted. Prior to any planting, the majority of
plants in the gardens (69%) were non-native. From June-September 2005-2006,
butterflies were visually counted in each garden every two weeks, spending 5
minutes/600 mZ, and their use of native or non-native flowers was recorded.
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A replicated, site comparison study in 2009-2010 in 20 residential gardens
and five meadows in Pennsylvania, USA (5) found that common milkweed
Asclepias syriaca planted in gardens was used by monarch butterflies Danaus
plexippus more than milkweed planted in meadows, but caterpillar survival was
similar across the sites. Milkweed patches in gardens contained more monarch
eggs (47-109 eggs/plot) than milkweed patches in meadows (7-45 eggs/plot).
Egg and caterpillar survival was similar in gardens (6.9-8.7%) and meadows (3.9-
11.4%). In May-June 2009, twenty milkweed plants were planted in each of
twenty 2-m?2 plots (130-1,500 m apart, >500 m from the nearest known
milkweed) in heavily managed lawns and gardens and forty 2-m? plots across five
minimally managed native meadows. Plants were grown from seed in
greenhouses, surrounding vegetation was cut prior to planting, and sites were
watered periodically. Plants were searched for eggs and caterpillars nine times
from July-September 2009, and six times from 19-29 August 2010. Eggs and
caterpillars were removed or marked to avoid double-counting. Monitoring ended
if fewer than four healthy plants remained. On half of the plants at each site,
survival of marked eggs and caterpillars was monitored over 11-14 days from the
third week of August each year.

A replicated, randomized, controlled study in 2016-2017 in an arboretum in
Kentucky, USA (6) found that following planting of eight milkweed species
Asclepias spp. the number of monarch butterfly Danaus plexippus eggs and
caterpillars was higher on taller species than on shorter species, but that
caterpillar growth and survival were similar across all species. Taller milkweed
species (Asclepias syriaca, A. speciosa, A. incarnata, A. fascicularis) had a higher
number of monarch butterfly eggs and caterpillars (3.0-16.8 individuals/plot)
than shorter species (0.0-5.4 individuals/plot). However, caterpillar growth (final
weight: 169-437 mg) and survival (56-100%) were similar on all milkweed
species in two of three trials. In the third trial, survival (40-65%) was similar but
caterpillars were larger on A. verticillata, A. tuberosa and A. speciosa (868-1,032
mg) than on the other species (300-706 mg). Eight species of milkweed native to
Kentucky or the central or western USA (common A. syriaca, swamp A. incarnata,
butterfly A. tuberosa, green antelopehorn A. viridis, whorled A. verticillata, showy
A. speciosa, Mexican whorled A. fascicularis, broadleaf milkweed A. latifolia) were
grown from seed in a greenhouse. In May 2016, seedlings were transplanted into
five (1.22 x 9.75 m) garden plots, each with eight subplots (1.22 x 1.22 m). Four
individuals of a single species were sown into each subplot. From May-October
2016 and April-September 2017, monarch eggs and caterpillars were counted on
all plants once every two weeks. The following three experiments measured
monarch caterpillar growth and survival. In August 2016, two first or second
instar monarch caterpillars were caged in white fine mesh bags (25 x 40 cm) on
each of two plants/plot for nine days. In September 2016, three caterpillars were
caged on each of nine plants for seven days. In August 2017, a single 1-day-old
caterpillar was caged on each of 10 plants of each species in a greenhouse for five
days.

A replicated, randomized, controlled study in 2014-2015 at a research farm
in Alabama, USA (7) found that planted native trees supported a greater
abundance and species richness of moth caterpillars than non-native trees. The
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abundance (260-281 individuals/year) and species richness (17 species) of moth
caterpillars on planted native red maple Acer rubrum was higher than on non-
native Norway maple Acer platanoides (abundance: 98-102 individuals/year;
richness: 10 species) and crepe myrtle Lagerstroemia indica (abundance: 8
individuals/year; richness: 3 species/year). In March 2014, a native red maple
was planted in the centre of each of 28 plots (5 x 5 m, 15 m apart) and surrounded
by four further trees (3.5 m away) in one of four randomly assigned treatments:
native red maples, non-native Norway maples, non-native crepe myrtles, or no
trees. Herbicide was applied monthly, exposed ground covered with pine straw at
the beginning of each season and nitrogen fertilizer applied to each tree in April
and August each year. From June-September 2014, and May-September 2015,
caterpillars were surveyed twice a month on the central maple and one
neighbouring tree in each plot. All caterpillars on 30 leaves in each of four cardinal
directions were counted.

A replicated, paired, controlled study in 2013-2014 in a managed park in
Georgia, USA (8) found that areas planted with native flowers had a similar overall
abundance and species richness of adult butterflies, but fewer adults and/or eggs,
and more caterpillars, of specific species than areas planted with non-native
flowers. The total abundance and species richness of butterflies was similar in
plots planted with native and non-native plants (data presented as model results).
However, in native flower plots the abundance of monarch Danaus plexippus (0.1-
0.2 butterflies/plot) and gulf fritillary Agraulis vanillae adults (0.3-0.5
butterflies/plot), and of monarch and queen Danaus gilippus eggs (0.1 eggs/plant)
was lower than in non-native flower plots (monarch: 1.6-3.1 butterflies/plot; gulf
fritillary: 1.3-1.4 butterflies/plot; eggs: 0.7 eggs/plant). The abundance of black
swallowtail Papilio polyxenes caterpillars was higher in native plots (0.7
caterpillars/plant) than in non-native plots (0.6 caterpillars/plant). Authors
suggested that the difference in the number of butterflies of some species may
have been caused by the fact that there were fewer flowering plants in native than
non-native plots. In spring 2013, four fenced, irrigated experimental plots (7.6 X
15.2 m, 20-88 m apart) were established in each of three blocks, 250 m apart. Each
plot was planted with 128 plants of 13 species, and was surrounded by mown
grass. Plots were assigned to four treatments/block: planting with species native
to Georgia or not native to the USA, and low (every other month) or high (every
other week) weed maintenance. From May-September 2014, adult butterflies
were surveyed for 7 minutes/plot, 1-4 times/month, and eggs and caterpillars of
the four species were counted weekly or monthly on 2-14 host plants/butterfly
species/plot.

(1) Schwenninger H.R. & Wolf-Schwenninger K. (1998) Modifying landscaped verges for
conservation: new urban habitats for bees and butterflies? Natur und Landschaft, 73,
386-392.

(2) Levy].M. & Connor E.F. (2004) Are gardens effective in butterfly conservation? A case
study with the pipevine swallowtail, Battus philenor. Journal of Insect Conservation, 8,
323-330.

(3) Burghardt K.T., Tallamy D.W. & Shriver W.G. (2008) Impact of native plants on bird and
butterfly biodiversity in suburban landscapes. Conservation Biology, 23, 219-224.

(4) Matteson K.C. & Langellotto G.A. (2011) Small scale additions of native plants fail to
increase beneficial insect richness in urban gardens. Insect Conservation and Diversity, 4,
89-98.
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(5) Cutting B.T. & Tallamy D.W. (2015) An Evaluation of Butterfly Gardens for Restoring
Habitat for the Monarch Butterfly (Lepidoptera: Danaidae). Environmental Entomology,
44,1328-1335.

(6) Baker A.M. & Potter D.A. (2018) Colonisation and usage of eight milkweed (Asclepias)
species by monarch butterflies and bees in urban garden settings. Journal of Insect
Conservation, 22, 405-418.

(7) Clem C.S. & Held D.W. (2018) Associational Interactions Between Urban Trees: Are
Native Neighbors Better Than Non-Natives? Environmental Entomology, 47, 881-889.

(8) Majewska A.A., Sims S., Wenger S.]., Davis A.K. & Altizer S. (2018) Do characteristics of
pollinator-friendly gardens predict the diversity, abundance, and reproduction of
butterflies? Insect Conservation and Diversity, 11, 370-382.

2.2. Practise ‘wildlife gardening’

e Four studies evaluated the effects of practising wildlife gardening on butterflies and
moths. Two were in the UK':3 and one was in each of France? and the USA4.

COMMUNITY RESPONSE (1 STUDY)

¢ Richness/diversity (1 study): One replicated, paired, controlled study in the USA*
found that areas with reduced frequency weeding had a similar species richness of adult
butterflies compared to areas with conventional weeding.

POPULATION RESPONSE (3 STUDIES)

e Abundance (3 studies): Two replicated studies (including one paired, controlled study)
in the UK" and the USA* found that increasing the number and age of potted nettle plants
in gardens' and weeding less frequently# did not increase abundance of butterflies4, all
caterpillars'# and caterpillars and eggs of four target species*. One replicated, site
comparison study in France? found that gardens where insecticides and herbicides were
not used and where there were natural features had a higher abundance of butterflies,
but gardens where fungicides and snail pellets were not used had a lower abundance of
butterflies.

BEHAVIOUR (2 STUDIES)

o Use (2 studies): One replicated study in the UK' reported that caterpillars only
occasionally used potted nettle plants in gardens. One site comparison study in the UK3
found that planted buddleia and marjoram were visited by adult butterflies and moths
more frequently than other plant species.

Background

Within urban areas, public parks and private gardens represent a significant area
of potential habitat. Wildlife-friendly gardening could include a number of
independent actions for butterflies and moths, such as planting nectar-rich
flowers or native plant species, reducing the frequency of weeding or cutting, and
reducing chemical impacts, as well as actions aimed at other wildlife. This action
includes studies where two or more of these are carried out together, as well as
less frequently tested actions.

This action includes studies where non-native plants are used to provide nectar
resources. For studies exclusively testing the planting of native species, see “Plant
parks and gardens with appropriate native species”. See also “Alter mowing regimes
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for greenspaces and road verges”, “Pollution — Stop using herbicides on pavements
and road verges” and “Pollution - Stop using pesticides as seed dressings and sprays
in flower beds and greenspace”.

A replicated study in 2000-2002 in 20 urban gardens in Sheffield, UK (1)
reported that caterpillars were only occasionally found on potted nettle Urtica
dioica plants, and that increasing the number of plants or the age of the plants did
notincrease the number of caterpillars found. In the three years of the experiment,
comma caterpillars Polygonia c-album, nettle tap moths Anthophila fabriciana and
mother-of-pearl moths Pleuroptya ruralis (it is unclear whether these were adults
or caterpillars) were found on potted nettle plants in one, eight and four of the
gardens respectively. Authors reported that there was no difference in the number
of butterfly and moth caterpillars found when the number of potted nettle plants
was increased or on plants of different ages (data and statistics not presented). In
June 2000 one tub of nettles was placed in each of 20 gardens. To encourage new
growth half of the stems were cut at the first visit and all at the end of each autumn.
To test whether patch size or age of plant affected caterpillar presence, in April
2002 five gardens had their plant replaced with a new plant, five had their original
plant, five had their plant replaced with four new plants, and five had their original
plant plus three new plants. During the summer and autumn of 2000, 2001 and
2002 nettles were checked for caterpillars and their presence (feeding damage
and webs).

A replicated, site comparison study in 2009-2011 in 3,722 private gardens in
France (2) found that there was a higher abundance of butterflies in gardens
where insecticides and herbicides were not used and where there were more
natural features, but a lower abundance of butterflies where fungicides and snail
pellets were not used. There were significantly more butterflies in gardens that
used no pesticides (average: 7) than those with insecticide (average: 6) and
herbicide (average: 7) use, but fewer butterflies in gardens that did not use
conventional (average: 7) or Bordeaux mixture (average: 7) fungicides or snail
pellets (average: 7). There was no difference in abundance between gardens that
did and did not use fertilizer. Additionally, there were more butterflies in gardens
which had more “natural” features, such as fallow plots, nettles, ivy, brambles and
dead trees (data presented as model results). Data was obtained from a citizen
monitoring scheme across France. Monthly from March-October participants
submitted information about their gardens, including the number of butterflies
seen, the presence of fallow plots, nettles, ivy, brambles and dead trees, and
whether they use chemicals in gardening.

A site comparison study in 2013 in a rural garden in East Sussex, UK (3) found
that of 11 planted flower varieties, buddleia Buddleia davidii and marjoram
Origanum vulgare were visited most by butterflies and day-flying moths, and they
attracted different groups of species. Marjoram received the most visits by
butterflies (50% of all visits), followed by buddleia (22% of all visits), compared
to 0-12% visits for the other nine flower varieties. Meadow brown Maniola jurtina
(213 out of 287 visits) and gatekeeper Pyronia tithonus (908/961 visits) were
most attracted to marjoram, and peacock Inachis io (312 /328 visits), painted lady
Vanessa cardui (123 /143 visits) and red admiral Vanessa atalanta (9/10 visits)
were most attracted to buddleia. However, hemp agrimony Eupatorium
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cannibinum attracted the highest diversity of butterfly species (data presented as
model results). See paper for more details. Eleven varieties of ornamental flowers
were grown in 1-5 discrete patches (total: 1-15 m?) around a garden. From 8-
13th August 2013, butterflies and day-flying moths feeding on each patch were
counted 105 times (three times/hour at 20-minute intervals) in good weather.

A replicated, paired, controlled study in 2013-2014 in a managed park in
Georgia, USA (4) found that areas with reduced weeding had a similar overall
abundance and species richness of adult butterflies, and adults, eggs and
caterpillars of four target species, compared to areas with regular weeding. The
total abundance and species richness of butterflies was similar in plots weeded
every two months and plots weeded every two weeks (data presented as model
results). In addition, the abundance of adults, eggs and caterpillars of four target
species (monarch Danaus plexippus, queen Danaus gilippus, gulf fritillary Agraulis
vanillae, and black swallowtail Papilio polyxenes) were similar in plots with
reduced weeding and plots with regular weeding (see paper for details). In spring
2013, four fenced, irrigated experimental plots (7.6 x 15.2 m, 20-88 m apart) were
established in each of three blocks, 250 m apart. Each plot was planted with 128
plants of 13 species, and was surrounded by mown grass. Plots were assigned to
four treatments/block: planting with native or non-native species, and low (every
other month) or high (every other week) weed maintenance by hand pulling,
trimming, and spot herbicide application. From May-September 2014, adult
butterflies were surveyed for 7 minutes/plot, 1-4 times/month, and eggs and
caterpillars of four species (monarch, queen, black swallowtail, gulf fritillary)
were counted weekly or monthly on 2-14 host plants/butterfly species/plot.

(1) Gaston K.]., Smith R. M., Thompson K. & Warren P. H. (2005) Urban domestic gardens
(I1): experimental tests of methods for increasing biodiversity. Biodiversity and
Conservation, 14, 395-413.

(2) Muratet A. & Fontaine B. (2015) Contrasting impacts of pesticides on butterflies and
bumblebees in private gardens in France. Biological Conservation, 182, 148-154.

(3) Shackleton K. & Ratnieks F.L.W. (2016) Garden varieties: How attractive are
recommended garden plants to butterflies? Journal of Insect Conservation, 20, 141-148.

(4) Majewska A.A, Sims S., Wenger S.J., Davis A.K. & Altizer S. (2018) Do characteristics of
pollinator-friendly gardens predict the diversity, abundance, and reproduction of
butterflies? Insect Conservation and Diversity, 11, 370-382.

2.3. Alter mowing regimes on greenspaces and road
verges

e Seven studies evaluated the effects of altering mowing regimes on greenspaces and
road verges on butterflies and moths. One study was in each of Finland!, the
Netherlands?, Poland?®, Germany#, the UK, Canada® and Sweden’.

COMMUNITY RESPONSE (3 STUDIES)

¢ Richness/diversity (3 studies): Two replicated, paired, controlled studies in Germany*
and the UK5 found that less frequently mown4 or unmown5 urban greenspaces had a
higher species richness and diversity of butterflies and moths than more frequently
mown areas. One replicated, site comparison study in Canada® found that the
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management of road verges (and land under power lines) did not affect the species
richness of butterflies.

POPULATION RESPONSE (4 STUDIES)

e Abundance (3 studies): Two replicated studies (including one paired, controlled study)
in the UK5 and Canada® found that unmown public parks® and road verges (and land
under power lines)® had a higher abundance of all adult butterflies® and pearl crescent
and northern pearl crescent butterflies® than regularly mown areas, but the abundance
of other butterflies on the road verges (and under power lines) was similar between
mown and unmown areas in the second studyb. One study in Finland' found that
roadsides mown in late summer had more ringlet butterflies than those mown in mid-
summer.

e Survival (1 study): One replicated, site comparison study in Poland® found that road
verges mown less frequently, or later in summer, had fewer dead butterflies killed by
traffic than more frequently or earlier mown verges.

BEHAVIOUR (2 STUDIES)

e Use (2 studies): One replicated, site comparison study in Sweden? reported that less
frequently mown urban grasslands were more frequently occupied by scarce copper
butterflies than more frequently mown grasslands. One replicated, randomized,
controlled study in the Netherlands?2 found that butterflies were recorded on verges which
were mowed once or twice a year and those which were not mowed, but on mowed
verges butterflies were only recorded on those where hay was removed.

Background

Greenspaces and road verges offer potential habitat patches and corridors for
butterflies and moths. However, management of these spaces must be carefully
planned. Mowing may be required to keep vegetation down, but also reduces the
availability of nectar resources, inhibits the growth of host plants used by
caterpillars, reduces the structural diversity of the vegetation, and poses a risk
from direct mortality, especially to eggs, caterpillars and pupae (Hopwood et al.
2015). Road verges with a higher species richness of plants attract more
butterflies, and yet have fewer butterflies killed by traffic than less diverse road
verges (Skorka et al. 2013). Therefore, altering mowing regimes to encourage
plant growth and diversity may benefit butterfly and moth populations in urban
areas.

See also: “Transportation and service corridors — Restore or maintain species-rich
grassland along road/railway verges” and “Pollution - Stop using herbicides on
pavements and road verges”.

Hopwood ]., Black S.H., Lee-Mader E., Charlap A., Preston R., Mozumder K. & Fleury S. (2015)
Literature review: Pollinator habitat enhancement and best management practices in highway
rights-of-way. Federal Highway Administration report by The Xerces Society for Invertebrate
Conservation & ICF International.

Skoérka P., Lenda M., Moron D., Kalarus K. & Tryjanowski P. (2013) Factors affecting road mortality
and the suitability of road verges for butterflies. Biological Conservation, 159, 148-157.
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A study in 2003 along a highway in South Karelia, Finland (1) found that
roadsides mown in late summer had more ringlet butterflies Aphantopus
hyperantus than those mown in mid-summer. There were more ringlets along
road verges that were mown in late summer (estimated population size = 840-
2720; population density = 1160-4360 individuals/ha) than those mown in mid-
summer (estimated population size: 220-1500 individuals; population density:
500-1200 individuals/ha). A lower percentage of butterflies first caught along
verges mown in late summer (11-31%) moved out of their original patch than
those caught along verges mown in mid-summer (43-63%) (these data were not
tested for statistical significance). On 30 days between June and August 2003,
butterflies were sampled using mark-release-recapture surveys along a 2.2-km
long transect along a highway intersection and adjacent roads. The site was
divided into 80-280-m sections based on habitat: an intersection between two
roads with either late summer mowing and hay removal or with mid-summer
(June) mowing without hay removal, and a highway verge with either partial July
and full late summer mowing without hay removal (counted as late summer
mowing in the study) or with mid-summer (July) mowing without hay removal.
The effect of hay removal was not tested.

Areplicated, randomized, controlled study in 2004-2006 in 25 roadside verge
sites in Limburg, the Netherlands (2) found that butterflies were recorded along
verges with no management and mowed verges where hay was removed but no
butterflies were recorded along mowed road verges where hay was not removed.
No butterflies were recorded along verges mowed either once or twice a year
where hay was not removed, but of insects recorded along verges, butterflies
represented 14% where mowed once a year with hay removal, 8% where mowed
twice a year with hay removal and 7% with no management. In 2004-2006 five
treatments (each replicated five times) were conducted in 12 x 15 m plots along a
highway: mowing once a year in mid-September with or without hay removal,
mowing twice a year in late June and mid-September with or without hay removal,
and no management. On four visits in May-August 2006, flower-visiting insects
were counted in four 1-m? quadrats in each plot over a 15-minute period.
Butterflies were not identified more precisely than order level and statistical tests
did not look at the difference between the number of mowings or hay removal for
butterflies alone.

A replicated, site comparison study in 2010 on 60 road verges in southern
Poland (2) found that less frequently or later mown road verges, which provided
more suitable habitat, had fewer individuals and a lower species diversity of dead
butterflies killed by traffic than more frequently or earlier mown verges. Both the
number of individual butterflies and number of species killed by traffic were lower
on verges mown less frequently, or later in the summer, than on more frequently
or earlier mown verges (data presented as model results). Sixty roads, >2 km apart,
with verges of similar width and vegetation on each side, were selected. Between
roads, verges differed in the frequency and timing at which they were mown. From
April-September 2010, butterflies were surveyed 12 times on two 100-m
transects along each side of each road. Dead butterflies were collected from the
asphalt and the first metre of verge next to the road.
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A replicated, paired, controlled study in 2011 in 10 urban greenspaces in
Baden-Wiirttemberg, Germany (3) found that less frequently mown areas had a
greater diversity of butterflies and burnet moths than regularly mown areas. The
species richness and diversity of butterflies and burnet moths in areas mown once
in the summer (9 species/site) was higher than in areas mown every 3-4 weeks
throughout the summer (4 species/site, diversity data presented as model results).
In addition, four species only occurred on grasslands which had been mown
once/year for >4 years, which had an average of 11 species/site (statistical
significance not assessed). See paper for individual species results. One half of
each of 10 public greenspaces (>200 m2) was mown or mulched once in July or
August 2011, while the other half was mown or mulched once every 3-4 weeks
from April-August 2011. Five additional sites had only been mown once/year for
>4 years. From April-early August 2011, butterflies were surveyed five times in
each site, by walking with nets in large loops until no new species was found for
20 minutes.

A replicated, paired, controlled study in 2013 in a public park in Sussex, UK
(4) found that unmown areas had higher abundance of butterflies and moths, and
higher species richness of butterflies, than mown areas. The total abundance of
butterflies (123 individuals) and moths (261 individuals) was higher in unmown
strips than in strips mown every two weeks throughout the summer (butterflies:
32 individuals; moths: 23 individuals). In addition, the total abundance of
butterflies (271 individuals) and moths (391 individuals), and the species
richness of butterflies (8 species), were higher on the unmown half of the park
than in the mown half (butterfly abundance: 6 individuals; moth abundance: 2
individuals; butterfly richness: 2 species) (moths not identified to species). From
spring 2013, half of a 6-ha park was left unmown, while the other half continued
to be mown every two weeks from spring to autumn. In addition, four blocks (20
x 30 m) of four strips (5 X 30 m) each were established in the unmown half of the
park. Within each block, one strip was assigned to each of four mowing
treatments: regular mowing every two weeks through the summer, regular
mowing until 5 July, regular mowing until 2 June, and unmown. From June-
September 2013, foraging and resting butterflies and moths were surveyed
weekly by walking down the centre of each 30-m strip five times/visit. From July-
September 2013, butterflies and moths were surveyed eight times on two 500-m
transects, one around the regularly mown and one around the unmown half of the
park.

A replicated, site comparison study in 2007-2008 along 52 road verges and
power lines (collectively “transmission lines”) in Manitoba, Canada (5) found that
unmown transmission lines had more northern pearl crescent Phyciodes
morpheus and pearl crescent Phyciodes tharos butterflies than lines mown
twice/year, but mowing regime did not affect the abundance or species richness
of other butterflies. There were more crescent butterflies on unmown
transmission lines (2.7 individuals/visit) than on lines mown twice/year (0.1
individuals/visit). However, the abundance and species richness of other native
butterflies was not significantly different between transmission lines which were
not mown (abundance: 11 individuals/visit; richness: 32 species), mown
once/year and not hayed (11 individuals/visit; 27 species), mown once/year and
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hayed (14 individuals/visit; 21 species), or mown twice/year and sprayed with
herbicide (10 individuals/visit; 21 species). See paper for species results. Fifty-
two road verges and power lines (>30 m wide, >400 m long) were managed in one
of four ways: 21 were neither mown nor sprayed with herbicide, but some trees
were removed; 14 were mown twice/year with cuttings left on site and sprayed
frequently with herbicide; 10 were mown once/year with cuttings left on site and
sprayed infrequently with herbicide; seven were mown once/year with cuttings
baled and removed with no spraying. From 15 June-15 August 2007-2008,
butterflies were surveyed on one 400- or 500-m transect at each site 2-4
times/year.

A replicated, site comparison study in 2015 in 30 grassland patches around
an urban area in Scania, Sweden (6) reported that biodiversity areas mown
once/year had a higher occupancy of scarce copper butterflies Lycaena virgaureae
than regularly mown public parks, but lower occupancy than unmanaged
grasslands. Results were not tested for statistical significance. Six biodiversity
areas managed by the local authority were all occupied at least once, and often 2-
3 times, by scarce coppers, but no butterflies were seen in nine regularly mown
parks. However, 15 unmanaged grasslands were the most frequently occupied
areas on all four surveys (data not presented). Thirty grassland habitat patches
managed in three ways were studied: six biodiversity areas (cut once/year in mid-
August), nine parks (cut several times/year) and 15 unmanaged grasslands (no
cutting or grazing). From July-August 2015, butterflies were surveyed four times
in each of 30 patches by systematic searching.

(1) Valtonen A. & Saarinen K. (2005) A highway intersection as an alternative habitat for a
meadow butterfly: effect of mowing, habitat geometry and roads on the ringlet
(Aphantopus hyperantus). Annales Zoologici Fennici, 42(5), 545-556.

(2) Noordijk J., Delille K., Schaffers A.P. & Sykora K.V. (2009) Optimizing grassland
management for flower-visiting insects in roadside verges. Biological Conservation,
142(10),2097-2103.

(3) Skorka P., Lenda M., Moron D., Kalarus K. & Tryjanowski P. (2013) Factors affecting road
mortality and the suitability of road verges for butterflies. Biological Conservation, 159,
148-157.

(4) Kricke C,, Bamann T., Betz 0. (2014) Influence of Urban Mowing Concepts on the
Diversity of Butterflies - Investigations on public green space in the city of Tiibingen.
Naturschutz und Landschaftsplanung, 46, 052-058.

(5) Garbuzov M., Fensome K.A. & Ratnieks F.L.W. (2015) Public approval plus more wildlife:
twin benefits of reduced mowing of amenity grass in a suburban public park in Saltdean,
UK. Insect Conservation and Diversity, 8, 107-119.

(6) Leston L. & Koper N. (2016) Urban Rights-of-Way as Reservoirs for Tall-Grass Prairie
Plants and Butterflies. Environmental Management, 57, 543-557.

(7) Haaland C. (2017) How to preserve a butterfly species within an urbanising settlement
and its surroundings: a study of the scarce copper (Lycaena virgaureae L.) in southern
Sweden. Journal of Insect Conservation, 21,917-927.

2.4. Protect or restore brownfield or ex-industrial sites

e We found no studies that evaluated the effects of protecting or restoring brownfield or
ex-industrial sites on butterflies and moths.
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‘We found no studies’ means that we have not yet found any studies that have directly evaluated this
intervention during our systematic journal and report searches. Therefore, we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background

Ex-industrial, or brownfield, sites can provide important early-successional
habitat for a range of species, including butterflies and moths. However, such sites
are often targeted for urban development (Robins et al. 2013) or fertilized and
planted to accelerate succession (Tropek et al. 2010). Legal protection which
prevents development may be required to retain such sites, and restoration which
maintains a state of early succession may be important for rare and sensitive
species (Tropek et al. 2010).

Robins ., Henshall S. & Farr A. (2013) The state of brownfields in the Thames Gateway. Buglife
Report, https://cdn.buglife.org.uk/2019/08/The-State-of-Brownfields-in-the-Thames-
Gateway_0_0.pdf.

Tropek R., Kadlec T., Karesova P., Spitzer L., Kocarek P., Malenovsky 1., Banar P., Tuf L.H., Hejda M,,
Konvicka M. (2010) Spontaneous succession in limestone quarries as an effective restoration tool
for endangered arthropods and plants. Journal of Applied Ecology, 47, 139-147.

2.5. Protect greenfield sites or undeveloped land in urban
areas

e Two studies evaluated the effects of protecting greenfield sites or undeveloped land in
urban areas on butterflies and moths. One study was in Singapore! and the other was
in Mexico?.

COMMUNITY RESPONSE (2 STUDIES)

¢ Richness/diversity (2 studies): Two site comparison studies (including one replicated
study) in Singapore' and Mexico? found that protected native forest'-2 and grassland? in
urban areas had a higher species richness of butterflies than urban parks' or non-native
Eucalyptus plantations2.

POPULATION RESPONSE (0 STUDIES)
BEHAVIOUR (0 STUDIES)

Background

Undeveloped land within urban areas, or greenfield sites, may provide important
remnant habitat for butterfly and moth species which cannot otherwise survive in
built-up areas. Protecting these sites from development may benefit populations
of these sensitive species close to human populations.

A replicated, site comparison study in 2002-2003 in 39 tropical rainforest
reserves, forest fragments and urban parks in Singapore (1) found that protected
primary or secondary forest reserves had a higher species richness of butterflies
than forest fragments or urban parks. In protected forest reserves, the species
richness of butterflies (8-27 species) was higher than in forest fragments (1-12
species) or urban parks (3-16 species). Forest reserves also had more unique,
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forest dependent, or specialist species than urban parks (data presented as model
results). Four forest reserves (54-1,147 ha) consisted of old secondary and
primary lowland tropical rainforest and freshwater swamp forest. Fourteen forest
fragments (2-73 ha) contained patches of abandoned plantation and degraded
secondary forest. Twenty-one urban parks (1-53 ha) were land that had been
cleared, revegetated and maintained with a mix of native and non-native plants.
From June 2002-June 2003, butterflies (excluding blues (Lycaenidae) and
skippers (Hesperiidae)) were surveyed three times along one to fourteen 100-m
transects/site.

A site comparison study in 2012-2013 in an urban protected area in Puebla,
Mexico (2) found that native woodland remnants and abandoned grassland had
higher species richness of butterflies than non-native Eucalyptus camaldulensis
plantations. The species richness of all butterflies and of forest specialist
butterflies in dry oak forest remnants (all: 51-57; specialist: 27-28 species), moist
oak forest remnants (all: 40-44; specialist: 21-22 species) and abandoned
grassland (all: 43-61; specialist: 16-22 species) was higher than in Eucalyptus
plantations in both the warm-rainy and cold-dry season (all: 22-25; specialist: 12
species). However, the four habitats had different species composition, especially
in the warm rainy season. The 675-ha reserve consisted of four habitat types:
moist (11% by area) and dry oak forest (58%), abandoned grassland previously
used for grazing (23%), and Eucalyptus plantations (6%). From July-September
2012 (warm rainy season) and January-March 2013 (cold dry season), butterflies
were surveyed nine times/season, at 9-12 day intervals, on three 300-m
transects/habitat type. Butterfly species were divided into 48 habitat generalists
adapted to human-disturbed landscapes, 41 forest specialists which require
forests for at least part of their life cycle, and two unclassified species.

(1) Koh L.P. & Sodhi N.S. (2004) Importance of reserves, fragments, and parks for butterfly
conservation in a tropical urban landscape. Ecological Applications, 14, 1695-1708.

(2) Barranco-Ledn de las Nieves M., Luna-Castellanos F., Vergara C.H. & Badano E.I. (2016)
Butterfly conservation within cities: a landscape scale approach integrating natural
habitats and abandoned fields in central Mexico. Tropical Conservation Science, 9, 607-
628.

2.6. Establish “green infrastructure” in urban areas

e One study evaluated the effects of establishing “green infrastructure in urban areas on
butterflies and moths. This study was in Taiwan'.

COMMUNITY RESPONSE (1 STUDY)

e Richness/diversity (1 study): One replicated, site comparison study in Taiwan' found
that green roofs had a lower species richness of butterflies than urban parks.

POPULATION RESPONSE (1 STUDY)

e Abundance (1 study): One replicated, site comparison study in Taiwan' found that
green roofs had a lower abundance of butterflies than urban parks, but the abundance
was higher on older green roofs with more nectar plant species in a larger area.

BEHAVIOUR (0 STUDIES)
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Background

Planting rooftops in urban areas, and growing plants up vertical structures such
as walls and lamp-posts, often termed “green infrastructure”, is becoming
increasingly popular, and is usually done with the aim of reducing pollution and
run-off, or to improve building insulation (Dunnett & Kingsbury 2008). However,
they may also be put in place to increase biodiversity, by providing habitat for a
range of species (Oberndorfer et al. 2007), including nectar resources or egg-
laying sites for butterflies and moths.

Dunnett N. & Kingsbury N. (2008) Planting green roofs and living walls. Timber, Portland, Oregon,
USA. Second edition, ISBN: 0881929115.

Oberndorfer E., Lundholm J., Bass B., Coffman R.R., Doshi H., Dunnett N., Gaffin S., Kohler M., Liu
K.K.Y. & Rowe B. (2007) Green roofs as urban ecosystems: ecological structures, functions and
services. BioScience, 57, 823-833.

A replicated, site comparison study in 2011-2012 on 11 green roofs in Taipei
City, Taiwan (1) found that green roofs had a lower abundance and species
richness of butterflies than urban parks, but the abundance of butterflies was
higher on older green roofs with more nectar plant species in a larger area. On
green roofs, both the abundance (514 individuals) and species richness (12
species) of butterflies was lower than in urban parks (abundance: 3,141-8,882
butterflies; richness: 50-109 species). However, the abundance of butterflies was
higher on green roofs established longer ago, and on roofs with more nectar plant
species covering a larger area (data presented as model results). Eleven green
roofs (95-590 m?, 7-34 m above ground), established 13-46 months before the
study, contained a total of 34 butterfly nectar plant species (1-16 species/roof,
covering 2-41 m?2). Two urban parks (13-26 ha), established 18-25 years before
the study, contained 20-45 nectar plant species. From August 2011-May 2012,
butterflies were surveyed for four hours twice/month on each roof. From July
2008-June 2009, butterflies were surveyed in one urban park, and from March
2011-February 2012 they were surveyed in a second park (no further details
provided).

(1) Lee L.-H. & Lin ].-C. (2015) Green roof performance towards good habitat for butterflies
in the compact city. International Journal of Biology, 7, 103-112.

2.7. Plant trees to reduce temperatures in cities
o We found no studies that evaluated the effects of planting trees to reduce temperatures
in cities on butterflies and moths.

‘We found no studies’ means that we have not yet found any studies that have directly evaluated this
intervention during our systematic journal and report searches. Therefore, we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background

Cities generate large amounts of heat, and as a result are often warmer than
surrounding areas of natural habitat, a phenomenon known as the ‘urban heat
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island effect’ (Kleerekoper et al. 2012). For species which are otherwise able to
survive in cities, higher temperatures may cause problems for survival and
reproduction. Planting trees within cities provides shade, and actively cools the
environment by increasing evapotranspiration (Kleerekoper et al. 2012). This
may provide benefits for temperature-sensitive butterflies and moths, but could
be detrimental if the trees replace other important habitats.

Kleerekoper L., van Esch M. & Salcedo T.B. (2012) How to make a city climate-proof, addressing
the urban heat island effect. Resources, Conservation and Recycling, 64, 30-38.

2.8. Apply ecological compensation for developments

e Two studies evaluated the effects of on butterflies and moths of applying ecological
compensation for developments. One was in the USA' and the other was in Australia?.

COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (1 STUDY)

e Abundance (1 study): One study in Australia? reported that a population of purple
copper butterfly caterpillars translocated from a development site to an area of
compensatory and retained habitat increased in number over three years.

BEHAVIOUR (1 STUDY)

Use (1 study): A site comparison study in the USA' reported that an area of lupines transplanted
from a development site was used by a similar number of Karner blue butterflies to an area with
no transplanted lupines.Background

Development projects destroy or disturb natural habitats, displacing animals
living there. Ecological compensation for developments aims to create new
habitat, or improve the condition of existing habitat, outside of the development
area, to replace that which is lost (Kleintjes et al. 2003). This intervention tests
whether these compensation areas are effective for butterflies and moths.

Kleintjes P.K., Sporrong ].M., Raebel C.A. & Thon S.F. (2003) Habitat type conservation and
restoration for the Karner blue butterfly: a case study from Wisconsin. Ecological Restoration, 21,
107-115.

A site comparison study in 1997-2001 in a shrubland in Wisconsin, USA (1)
reported that an area containing lupine Lupinus perennis transplanted from a
development site was used by a similar number of Karner blue butterflies
Lycaeides melissa samuelis as an area with no transplanted lupines. Results were
not tested for statistical significance. One-four years after restoration, 4-8 Karner
blue butterflies/year were recorded in an area with transplanted lupines,
compared to 1-8 butterflies/year in an area without transplanted lupines. In June
1997, seventy-five plugs of lupine (0.76-m diameter, 1.2-m-deep) were removed
from a construction area and planted in a 5 x 15 grid covering a 324-m? area
cleared of young pine trees. In November 1997, the surrounding 641 m2 was hand-
seeded with a dry sand prairie seed mix (40% grasses, 50% non-woody
broadleaved plants (forbs), 10% scarified lupine seed) at 22.6 Ibs/ha. An adjacent
0.8-ha area, where the topsoil had been temporarily removed, was seeded with
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the same mix. In October 1999-2001, two 0.2-ha patches in each of the
transplanted and seeded areas were cut to a height of 16 cm each year. From
1998-2001, Karner blue butterflies were surveyed 5-6 times/year (covering both
flight periods) on a 103-m transect through the transplanted and seeded area, and
a 570-m transect through the seeded non-transplanted area. The highest number
of butterflies counted on a single date in each flight period at each site was used
as the abundance for that year.

A study in 2004-2007 in one shrubland in New South Wales, Australia (2)
reported that, three years after translocation, along with habitat management and
host plant translocation, a population of purple copper butterfly Paralucia
spinifera caterpillars that had been moved from land designated for development
to an adjacent area of managed compensatory habitat and retained habitat had
increased in number. The site designated for development and adjacent area
initially had an estimated purple copper population of 2,000 caterpillars. After the
development and translocation of butterflies into the retained and compensatory
habitat, which had received habitat management, the estimated caterpillar
population size reduced to 1,600 in the following year but increased to an
estimated 1,995 two years and 2,780 three years after translocation. Of the
caterpillars found in the third year, 39% were in the compensatory habitat and
61% were in the area of retained original habitat. In 2004-2005, two thirds of an
area of purple copper butterfly habitat was cleared for road-building and an area
adjacent to the retained third was designated as compensatory habitat. Invasive
plants were cleared from the retained and compensatory habitat and caterpillars
and their host plant blackthorn Bursaria spinosa var. lasiophylla were moved from
the land about to the cleared to the retained and compensatory habitat. Over 12
nights in December 2004-January 2005, a total of 1,260 caterpillars were moved.
In 2005-2007 blackthorn plants in the retained and compensatory habitats were
surveyed for caterpillars, signs of their feeding, and their mutualistic ants
Anonychomyrma itinerans. Estimated caterpillar population sizes were calculated
by multiplying the number of caterpillars found by five.

(1) Kleintjes P.K., Sporrong J.M., Raebel C.A. & Thon S.F. (2003) Habitat type conservation
and restoration for the Karner blue butterfly: a case study from Wisconsin. Ecological
Restoration, 21, 107-115.

(2) Mjadwesch R. & Nally S. (2008) Emergency relocation of a Purple Copper Butterfly
colony during roadworks: Successes and lessons learned. Ecological Management &
Restoration, 9(2), 100-109.

2.9. Require developers to complete Environmental
Impact Assessments when submitting planning
applications

e We found no studies that evaluated the effects on butterflies and moths of requiring

developers to complete Environmental Impact Assessment when submitting planning
applications.
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‘We found no studies’ means that we have not yet found any studies that have directly evaluated this
intervention during our systematic journal and report searches. Therefore, we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background

Any new residential or commercial development is likely to impact butterflies and
moths through either habitat destruction or disturbance. However, by assessing
the risk to species populations in advance, and making changes to the plans, it may
be possible for careful planning of necessary developments to minimize these
negative impacts. Legal requirements for developers to complete Environmental
Impact Assessments (EIAs), if independently produced, reviewed and enforced,
may be beneficial to butterfly and moth conservation. For example, see DFFE
(2021).

Department of Forestry, Fisheries and the Environment (2021) National Web Based
Environmental Screening Tool. Republic of South Africa Department of Forestry, Fisheries and the

Environment, https://screening.environment.gov.za/screeningtool/index.html# /pages/welcome


https://screening.environment.gov.za/screeningtool/index.html#/pages/welcome
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3. Threat: Agriculture and aquaculture

Background

The widespread conversion of land from natural habitat to agriculture, and the
continued intensification of production on farmed land, are among the greatest
historical and current threats to butterflies and moths (Fox et al. 2015). However,
many traditional farmed landscapes, such as extensive meadows, traditional
orchards, and wood pasture, can also provide high-quality habitat for many
species, if they are maintained. This chapter includes actions focused on changing,
improving or maintaining farming practices for the conservation of butterflies and
moths. Further threats from agriculture include the loss of habitat and pollution
(e.g. from fertilizer and pesticide use). Actions in response to these threats are
described in ‘Habitat restoration and creation’, and ‘Threat: Pollution’.

Fox R., Brereton T.M., Asher J., August T.A., Botham M.S., Bourn N.A.D., Cruickshanks K.L., Bulman
C.R, Ellis S., Harrower C.A., Middlebrook I., Noble D.G., Powney G.D., Randle Z., Warren M.S. & Roy
D.B. (2015) The State of the UK's Butterflies. Butterfly Conservation and the Centre for Ecology &
Hydrology, Wareham, Dorset, UK.

All farming systems

3.1. Increase or maintain the proportion of natural or
semi - natural habitat in the farmed landscape

o Twelve studies evaluated the effects of increasing or maintaining the proportion of
natural or semi-natural habitat in the farmed landscape on butterflies and moths. Three
studies were in Switzerland®10.12 two were in each of Germany.'!, Sweden37 and the
UK®2, and one was in each of the USA2, Malaysia4, and New Zealand?.

COMMUNITY RESPONSE (11 STUDIES)

¢ Richness/diversity (11 studies): Nine of eleven studies (including one replicated,
randomized, controlled study, one before-and-after study and eight replicated, site
comparison studies) in Germany'."1, Sweden37, Malaysia4, Switzerland®10.12, the UK8.9,
and New Zealand® found that the species richness of butterflies'357.89.11.12  hurnet
moths’ and all moths'-36 was higher on farms with a greater proportion of semi-natural
habitat36.911.12 or with a greater proportion of woodland in the surrounding landscape?,
or after semi-natural habitat had been created!, compared to conventional farmland>8 or
farmland with a greater proportion of arable land in the surrounding landscape’. One
study found that species richness of butterflies in oil palm plantations was higher where
ground coverage of weeds had been maintained but similar whether or not epiphyte or
fern coverage was maintained4. The eleventh study found that the species richness of
butterflies was similar on farms with different proportions of semi-natural habitat'0.

POPULATION RESPONSE (8 STUDIES)

e Abundance (8 studies): Six replicated studies (including one randomized, controlled
study and five site comparison studies) in Sweden3, the UK8°, New Zealand®, and
Switzerland'012 found that the abundance of butterflies®8-10.12 and moths36 was higher
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on farms with a greater proportion of semi-natural habitat362.1012 or in semi-natural
habitat compared to conventional farmland®. One of two replicated, site comparison
studies in the USA? and Sweden’ found that the abundance of four out of eight species
of butterflies was higher on farms surrounded by woodland, but the abundance of least
skipper was lower on farms with more semi-natural habitat2. The other study found that
overall butterfly abundance was similar on farms surrounded by different proportions of
woodland and arable land”.

BEHAVIOUR (0 STUDIES)
Background

The presence of natural or semi-natural habitat within farmland may protect
butterflies and moths in intensively farmed landscapes, either because the habitat
itself supports remnant populations of species which cannot survive on farmland,
or because it allows individuals to move through the landscape more easily,
reducing isolation. For example, the presence of woodland or scrub correlates
with a higher abundance of butterflies on farmland (Pywell et al. 2004).

Pywell R.F., Warman E.A., Sparks T.H., Greatorex-Davies ].N., Walker K.]., Meek W.R., Carvell C., Petit
S. & Firbank L.G. (2004) Assessing habitat quality for butterflies on intensively managed arable
farmland. Biological Conservation, 118, 313-325.

A before-and-after study in 1987-1991 on an arable farm in Saarland,
Germany (1) reported that increasing the area of meadows and field margins, and
the length of field edges, increased the species richness of butterflies and burnet
moths. Results were not tested for statistical significance. Four years after the
semi-natural habitat was created, 24 species of butterflies and burnet moths were
present on the farm, compared to 20 species before creation. Marbled white
Melanargia galathea were present at eight survey sites in 1991, compared to one
site in 1987. In 1987, on an intensively managed 30-ha farm with large fields,
semi-natural meadows and field margins were created by sowing regional plant
species including rosebay willowherb Epilobium angustifolium, danewort
Sambucus ebulus, heather Calluna vulgaris and regional meadow seeds. The length
of field edges was increased from 7,200 m to 17,420 m. From May-August 1987-
1988 and 1991, butterflies and burnet moths were surveyed at sample sites
(number not specified) across the whole farm.

A replicated, site comparison study in 2002-2003 in 38 field margins in an
arable region of Minnesota, USA (2) found that the abundance of four of eight
butterfly species was higher in margins surrounded by more woodland habitat. In
areas with more woodland in the surrounding landscape, the abundance of four
out of eight butterfly species (orange and clouded sulphur Colias spp., monarch
Danaus plexippus and regal fritillary Speyeria idalia) was higher. However, the
abundance of one species (least skipper Ancyloxypha numitor) was lower in more
wooded landscapes (data presented as model results). A total of 38 field margins
(8-148 m wide, and all >3 years old, >350 m long, >1 km apart and with <15% tree
or shrub cover) between a crop field and a water course were surveyed. None of
the strips were treated with insecticide or fertilizer, and most were infrequently
spot-mown or spot-sprayed to control weeds. In July-August 2002 and June-
August 2003, butterflies were surveyed twice/year along one 200-m
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transect/margin, halfway between the water course and crop field. The habitat in
a 1-km radius surrounding the midpoint of each transect was classified as

“herbaceous habitat”, “crops”, “wooded”, “wetland” or “developed” areas (see
paper for details).

Areplicated, site comparison study in 2003-2004 on 24 arable farms in Scania,
Sweden (3) found that farms in more diverse landscapes had a higher abundance
and species richness of butterflies and burnet moths than farms in intensively
farmed landscapes. On farms in diverse landscapes, both the abundance (3.6-4.5
individuals/50 m) and species richness (1.4-1.6 species/50 m) of butterflies and
burnet moths were higher than on farms in intensively farmed landscapes
(abundance: 0.4-1.7 individuals/50 m; richness: 0.3-0.9 species/50 m). Twelve
arable farms in diverse landscapes (15% arable land, 19% pasture, small fields
(average: 31,600 m?)),and 12 arable farms in intensively farmed landscapes (70%
arable land, 3% pasture, large fields (average: 60,200 m?)) were selected. From
June-August 2003 and May-August 2004, butterflies and burnet moths were
surveyed 5-6 times/year along 400-750 m routes along cereal field boundaries.
Individuals occurring 5 m into the crop and in adjacent 2-m uncultivated margins
were counted.

A replicated, site comparison study in 2006-2007 in 15 sites of oil palm
plantation in East Sabah, Malaysia (4) found higher butterfly species in areas
where the ground coverage of weeds had been maintained, but no effect of
maintaining epiphytes or ferns. Sites with a higher percentage of ground cover of
weeds had higher butterfly species richness. However, the number of nearby trees
with high epiphyte growth, and the percentage ground coverage of ferns, had no
effect on species richness. Additionally, there was higher butterfly species
richness in sites where a higher proportion of old growth forest within the
surrounding 1 km radius had been maintained. All results are presented as
statistical tests. In September-October 2006 and March-April 2007, butterflies
were counted along 100 m transects in 15 plantations. There were 3-10 transects
at each site and each was surveyed 1-3 times over the entire sampling period. Only
butterfly species known to occur in Malaysian primary forest were included in
analyses, and Hesperiidae and Lycaenidae were excluded because of identification
difficulties. Varying proportions of weeds, epiphytes and ferns had previously
been removed at each site by plantation workers (the removal was not part of the
study and removal details are not included). At the start and end of transects
researchers counted the proportion of the nearest 10 palm trees with >50%
epiphyte coverage, and the percentage of ground covered by ferns and weeds.

A replicated, site comparison study in 1998-2005 in mixed farmland in
Aargau, Switzerland (5) found that areas of semi-natural habitat initially
supported more butterfly species than farmed land, but over time the number of
species decreased in both semi-natural habitat and farmed land. When initially
surveyed, there were more species of butterfly in sites managed as Ecological
Compensation Areas (ECA, 7.3 species/plot) than in non-ECA sites (5.6
species/plot). However, between the first survey and the second survey, the
number of butterfly species decreased overall, but the decreases were similar on
ECA and non-ECA sites (both -1.1 species/plot). Most ECA sites were established
between 1992 and 1998. Sites were surveyed twice, five years apart, with the first
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survey taking place in 1998-2000 and the second in 2003-2005. At 52 ECA sites
and 35 non-ECA sites, butterflies were surveyed along a 10 x 250 m transect 11
times/year. The authors noted 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 in 2008 on 36 farms in central Scotland,
UK (6) found that farms with more semi-natural habitat had a higher abundance
and species richness of moths than farms with less semi-natural habitat. The
abundance of both micro-moths and macro-moths, and the species richness of
macro-moths, were all higher on farms with more semi-natural habitat (data
presented as model results). However, the species richness of micro-moths, and
the diversity of both groups, was similar between farms with more and less semi-
natural habitat (data presented as model results). In 2004, eighteen farms
enrolled in agri-environment schemes, and were paired with 18 similar but
conventionally-managed farms, <8 km away. From June-September 2008, moths
were collected for four hours, on one night/farm, using a 6 W heath light trap
located next to either a field margin, watercourse margin, beetle bank, hedgerow
or grassland on each farm. Paired farms were surveyed on the same night.

A replicated, site comparison study in 2009 in 60 arable farms in Uppland and
Scania, Sweden (7) found that butterfly and burnet moth species richness, but not
abundance, was higher in farms surrounded by a greater proportion of forest-
dominated land than those surrounded by a greater proportion of arable
farmland. Farms within a 1 km radius with a higher proportion of forest-
dominated land and a lower proportion of arable land had higher butterfly species
richness compared to those with a higher proportion of arable land and a lower
proportion of forest-dominated land (data presented as statistical results).
However, the relative proportions of forest-dominated and arable land resulted in
no difference in butterfly abundance. In June-August 2009, butterfly surveys were
carried out in 40 organic and 20 conventionally-managed farms. On each farm,
three 250 m transects were completed 5-6 times - one in an uncultivated margin
of a cereal field, and two within the field at 50 m and 200 m from the margin
transect. Butterflies Rhopalocera and burnet moths Zygaenidae were identified to
species. The proportion of arable land within a radius of 1 km from each farm was
calculated using remote sensing imagery. The proportion of arable land ranged
from 20-80%.

A replicated, site comparison study in 2008-2009 in six vineyards in
Canterbury Province, New Zealand (8) found that remnant native habitat patches
had a higher abundance and species richness of butterflies than amongst the vines,
on pasture or in planted native vegetation. In remnant habitat patches, the
abundance (14 individuals/section) and species richness (0.7 species) of
butterflies was higher than amongst the grape vines (abundance: 8
individuals/section; richness: 0.3 species), on pasture fields (abundance: 7
individuals/section; richness: 0.5 species), or in planted native vegetation
(abundance: 3 individuals/section; richness: 0.5 species). See paper for individual
species results. Six vineyards, each containing areas of remnant native vegetation
(typically stands of matagouri Discaria toumatou and New Zealand bindweed
Calystegia tuguriorum) and small (100-200 m?) areas of planted native shrubs
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and grasses, alongside grape vines and grazed pasture, were selected. From
October 2008-April 2009, butterflies were surveyed 13 times (once/fortnight)
along a fixed transect through the different habitat patches on each vineyard.
Transects were split into 9-14 sections based on habitat type for analysis.

A replicated, randomized, controlled study in 2007-2010 on 28 arable farms
in Wessex and East Anglia, UK (9) found that farms with a higher proportion of
uncropped habitat had a greater abundance and species richness of butterflies in
early summer, but not in mid-summer. On farms where the proportion of
uncropped habitat was >7.5%, the species richness of butterflies on field
boundaries in early summer (2.9-3.0 species/100 m) was higher than on farms
with <7.5% uncropped habitat (1.0-1.6 species/100 m). When the proportion of
uncropped habitat was >10%, the abundance of butterflies in the wildlife habitat
in early summer was higher than on farms with <10% uncropped habitat (data
not presented). See paper for details of species groups. In spring 2007, twenty-
four farms (12 in East Anglia and 12 in Wessex) were randomly assigned to two
treatments: 16 farms with enhanced agri-environment scheme (AES) habitat (1.5-
6.0 ha of floristically-enhanced grass mixes, wildflower strips, wild bird seed
mixes and natural regeneration by annual cultivation); and eight farms with
Entry-level Stewardship (ELS) habitat (1.5-6.0 ha of grass margins and game
cover (usually maize)). Two additional ELS farms/region, already managed
organically with 1.5 ha of ELS habitat, were also studied. From 2008-2010,
butterflies were surveyed twice/year on 11 fixed 100-m transects, in mid-May-
mid-June and mid-July-early August. Eight transects/site were located in AES
habitat, and three transects/site were located on field boundaries away from the
AES habitat.

A replicated, site comparison study in 2009-2011 in 133 mixed farms in the
Central Plateau, Switzerland (10) found that farms managed with larger areas of
semi-natural habitat had a higher abundance, but not species richness, of
butterflies than farms with less semi-natural habitat. The abundance of butterflies
on farms with more semi-natural habitat was higher than on farms with less semi-
natural habitat, but there was no difference in butterfly species richness (data
presented as model results). A total of 133 farms (17-34 ha, 13-91% arable crops)
were managed with “Ecological Compensation Areas” under agri-environment
schemes. Management included extensive and low-input meadows with reduced
fertilizer and later cutting dates, and the presence of trees, hedgerows and
wildflower patches. From May-September 2009-2011, butterflies were surveyed
six times on 10-38 transects/farm, totalling 2,500 m/farm. Each transect ran
diagonally through a single crop or habitat type, with all available crops and
habitats represented. All visits to a farm were completed in a single year, and the
species richness was summed across all visits. Total abundance of butterflies was
calculated from the number recorded in each habitat, and the availability of each
habitat across the farm. Semi-natural habitats on each farm were mapped
between May and August.

Areplicated, site comparison study in 2015 on seven arable farms in Germany
(11) found that field margins on farms with more semi-natural habitat in the
surrounding area had more butterfly species than margins on farms with less
semi-natural habitat. The number of species of butterfly recorded on field margins
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was higher on farms with more semi-natural habitat within 1 km than on farms
surrounded by less semi-natural habitat (data presented as model results). The
amount of semi-natural habitat within 1 km of each of seven farms (58-700 ha)
was estimated from aerial images. From June-August 2015, butterflies were
surveyed six times along 10 permanent, unsprayed and uncropped arable field
margins (=1 m wide, 50-250 m long) on each farm.

A replicated, site comparison study in 2010-2014 in 50 agricultural areas in
the Swiss Plateau, Switzerland (12) found that landscapes with a greater
proportion of semi-natural habitat, provided through agri-environment schemes,
had a higher abundance and species richness of butterflies than landscapes with
less semi-natural habitat. Agricultural areas with more than 20% of the land
managed as semi-natural habitat had a higher abundance and species richness of
all butterflies than areas with less than 10% semi-natural habitat. The abundance
of farmland butterflies, and the species richness of threatened butterflies, was
higher in landscapes with more semi-natural habitat than in landscapes with less
semi-natural habitat (all data presented as model results). Fifty mixed farming
areas (1 km?) were selected where 2.5-32.2% of agricultural land was managed
under agri-environment schemes (primarily extensive meadows (cut or grazed
once/year, no fertilizers or pesticides) and orchards). Butterflies were surveyed
seven times along a 2.5-km transect through each 1-km2area in one of five years
(2010-2014). Species were classified as “farmland species” if they occur in open
habitat, and “threatened” species if they were listed as Near Threatened,
Vulnerable or Critically Endangered on the Swiss RedList.
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Pay farmers to cover the costs of conservation
measures (as in agri-environment schemes or
conservation incentives)

Thirty-two studies evaluated the effects of paying farmers to cover the costs of
conservation measures on butterflies and moths. Eighteen studies were in the UK34.6.10-
12,16-202-28 gight were in Switzerland28.9.14.1521.30.32 two were in Finland'®, and one was
in each of Sweden’, the Czech Republic'3, the USA2® and Germany?'.

COMMUNITY RESPONSE (18 STUDIES)

Community composition (1 study): One replicated, controlled study in Switzerland?
found that the community composition of butterflies on grasslands that farmers were paid
to manage for wildlife was similar to intensively managed grasslands.

Richness/diversity (19 studies): Twelve of 15 studies (including eight controlled, one
before-and-after and five site comparison studies) in Switzerland282.14.15.21 the United
Kingdom#6.17.181922-24 and Sweden’ found that the species richness or diversity of
butterflies26-9.14.1921 and moths’.17.18.2224 on grassland?89, field margins®24, wildflower
strips2! or whole farms?.1417.18.22 managed under agri-environment schemes was higher
than on conventional fields or farms. The other three studies found that the species
richness of butterflies* 1523 and micro-moths?3 on grassland?®, field margins#, wildflower
strips'® or whole farms23 managed under agri-environment schemes was similar to
conventional fields or farms. One of two replicated, site comparison studies in
Switzerland2231 found that the species richness of butterflies was higher in landscapes
with a greater proportion of land managed under agri-environment schemes than in
landscapes with a smaller proportion of agri-environment schemes3?, but the other study
found that species richness of butterflies was similar on individual farms with more land
managed under agri-environment schemes than on farms with smaller areas of agri-
environment schemes?®. One replicated, site comparison study in the USA28 found that
the species richness of butterflies on grassland sown under a conservation incentive
program was similar to that on native prairie. One replicated, site comparison study in
Finland" found that the species richness of butterflies and day-flying moths on grassland
managed under an agri-environment scheme was lower than on abandoned,
unmanaged grassland.

POPULATION RESPONSE (27 STUDIES)

Abundance (27 studies): Seventeen of 19 studies (including seven controlled studies,
one replicated, site comparison study, two before-and-after studies, and eight site
comparison studies) in the UK3410-1216-2022-2527 " Sweden’, Switzerland®2! and
Germany3' found that the abundance of butterflies#7.8.10.11.18.21.23 and moths16-18.22.23,28
overall, and of specific species of butterflies310-122431 or moths’2031, in woodland?',
grassland®28, field margins3410.11.1820 - wildflower strips2! or whole farms?.12.17.18.22,23,24
managed under agri-environment schemes was higher than in unmanaged woodland or
conventional fields or farms. The other two studies found that the abundance of
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butterflies and macro-moths? on field margins managed under agri-environment
schemes was similar to conventional margins. Three of four replicated studies (including
one controlled and three site comparison studies) in the UK2627 and Switzerland?0.32
found that the abundance of butterflies was higher on farms3° or in landscapes?6:32 with
a higher proportion of land managed under agri-environment schemes26:30.32 than in
areas with less land in agri-environment schemes. The other study found that the
abundance of some species was higher, but others were lower, on farms with enhanced
agri-environment management compared to simple management?. Three studies
(including one before-and-after and two replicated, site comparison studies) in Finland*5
and the Czech Republic'® found that grassland grazed or restored under agri-
environment scheme prescriptions had a lower abundance of all but three butterfly and
day-flying moth species compared to unmanaged grassland*», and that Danube clouded
yellow abundance declined after agri-environment scheme mowing was initiated on
abandoned grasslands'3. One replicated, site comparison study in the USA2° found that
the abundance of butterflies on grassland sown under a conservation incentive program
was lower than on native prairie.

BEHAVIOUR (0 STUDIES)
Background

Implementing conservation actions can be costly for landowners, either because
of the direct management costs or due to the loss of income from other possible
land uses, such as farming. Payments may be offered by Governments or inter-
Governmental schemes to compensate landowners for these costs, and encourage
more wildlife-friendly habitat management and creation on private land. In
Europe, agri-environment schemes (AES) are an integral part of the European
Common Agricultural Policy (CAP) and Member States devise their own AES
prescriptions to suit their agricultural economies and environmental contexts. In
the United States, these are often called conservation incentive payments and are
mostly implemented through the Agriculture Improvement Act of 2018 (known
as the Farm Bill, for example Kleintjes Neff & Mader 2013). Most schemes focus on
reducing the intensity of farm management, or creating other habitats within the
farmed landscape, but payments may also be made for managing other habitats
such as woodland (in the USA often called agroforestry) or heathland on private
land. As well as attempting to provide more favourable habitat, coordinated
planning of the schemes may be important to ensure that a variety of habitats are
created across the farmed landscape throughout the year.

This intervention includes any studies where landowners were paid to carry out
an action in any habitat, but excludes studies testing AES options which were
conducted outside of an AES (e.g. on research farms or nature reserves). Since AES
represent many different specific interventions relevant to conservation, where a
study’s results can be clearly assigned to a specific intervention, the study is also
summarized in the appropriate section. This section, meanwhile, includes
evidence about the success of agri-environment or conservation incentive policies
overall.

Kleintjes Neff P. & Mader E. (2013) CRP-SAFE for Karner Blue butterflies: Recommendations for
Wisconsin landowners and conservationists. The Xerces Society for Invertebrate Conservation
report.
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A replicated, site comparison study in 1999-2000 in southwest Finland (1,
same experimental set-up as 5) found that species-rich grasslands which farmers
were paid to manage under agri-environment schemes (AES) had a lower
abundance and species richness of butterflies and day-flying moths than
abandoned, unmanaged grassland. The abundance of butterflies and moths was
lower in both restored (126 individuals) and continuously grazed AES pastures
(126 individuals) than in abandoned pastures not managed under AES (306
individuals). The number of species was also lower in restored pastures (22
species) than in abandoned pastures (33 species), but the number in continuously
grazed pastures was intermediate (26 species). Butterflies and moths were
monitored in 1999 or 2000 on 10 restored pastures where, after at least 10 years
of abandonment, grazing had re-started 3-8 years before the study, 11
continuously grazed pastures, and 12 abandoned pastures which had not been
grazed for at least 10 years. All restored and most continuously grazed pastures
received support under the Finnish AES. All grazing was by cattle. Butterflies and
day-flying moths were counted along transects four (1999) or seven (2000) times
from May-August. Either searching time (1999) or transect length (2000) were
standardized across sites.

A replicated, controlled study in 2000-2002 in three farmland regions of the
Swiss Plateau, Switzerland (2) found more butterfly species on grasslands which
farmers were paid to manage for wildlife than on intensively managed grasslands
in one of two study years. In 2002, but not in 2000, grasslands managed under
agri-environment schemes had more butterfly species than intensively managed
grasslands (actual numbers not given). The identity of the butterfly species found
was not significantly influenced by management intensity, but was different in
different regions. The agri-environment scheme grasslands were managed as
“Ecological Compensation Areas”, with restricted fertilizer and pesticide use, and
delayed mowing. Butterflies were recorded in 56 agri-environment grasslands
and 48 intensively managed grasslands during the summers of 2000 and 2002.

A replicated, controlled study in 1996-2000 on three arable farms in Essex,
UK (3, same experimental set-up as 4, 6, 10, 11) found that the number of
gatekeepers Pyronia tithonus on sown grass margins which farmers were paid to
create increased over four years, and was higher than on cropped field edges at
one of three farms after 2-4 years. Gatekeeper abundance on 2-m-wide agri-
environment scheme grass margins increased from 2.2 individuals/km to 12.9
individuals/km over four years after the margins were sown. However,
abundance was significantly higher in grass margins than in cropped margins at
only one of three farms after 2-4 years (grass margin: 9.1 individuals/km, cropped
edges: 0.7 individuals/km; other farms grass margin: 6.8-11.9 individuals/km,
cropped edges: 1.9-17.3 individuals/km). Thirteen grass margins (2 m wide, 141-
762 m long) were established in October 1996-2000 by sowing one of three seed
mixtures, containing 4-6 grass species, according to Countryside Stewardship
Scheme requirements. Three field edges without margins (one on each farm, 133-
343 m long) were used as controls. Gatekeeper abundance was monitored weekly
along each grass margin and cropped edge in July and August 1997-2000.

A replicated, controlled study in 1996-2000 at two arable farms in Essex, UK
(4, same experimental set-up as 3, 6, 10, 11) found that grass margins which
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farmers were paid to create had higher butterfly abundance, but not species
richness, than in cropped field edges. More butterflies were recorded in sown or
naturally regenerated agri-environment scheme grass margins (46
individuals/km) than in cropped field edges (21 individuals/km), but the species
richness was similar (grass margin: 8; cropped edges: 9 species). Of the ‘key’
grassland butterfly species, only meadow brown Maniola jurtina was more
abundant in grass margins (19 individuals/km) than in cropped field edges (9
individuals/km). More butterflies (125 individuals/km), including meadow
brown (57 individuals/km), were found in a sown grass margin established next
to a permanent set-aside field than on all other margin types (all butterflies: 32-
41 individuals/km; meadow brown: 4-27 individuals/km). In 1996, eight 6-m-
wide margins were established on two farms. Five were sown with grass seed
mixtures (6 or 9 species) according to Countryside Stewardship Scheme
requirements, and three were left to natural regeneration. One arable field edge
without margins on each farm was used as a control. Butterfly abundance was
monitored weekly from late June to early August 1997-2000. All butterflies were
recorded, but special note was taken of ‘key’ grassland species: meadow brown,
gatekeeper Pyronia tithonus, small skipper Thymelicus sylvestris, Essex skipper
Thymelicus lineola, and large skipper Ochlodes venata.

A replicated, site comparison study in 1999-2000 in southwest Finland (5,
same experimental set-up as 1) found that 11 of 32 butterfly and day-flying moth
species were less abundant in species-rich grasslands which farmers were paid to
manage under agri-environment schemes (AES) than in abandoned, unmanaged
grassland. Eleven out of 32 species of butterfly and day-flying moth were less
abundant in AES grassland than in abandoned grassland. However, three species
were more abundant in continuously grazed AES grassland than in restored AES
grassland or abandoned grassland. Five species had lower abundance in either
restored or continuously grazed grassland than in the other two habitats. The
remaining 13 species had similar abundance in all three grassland types (see
paper for data on individual species). Butterflies and day-flying moths were
monitored in 1999 or 2000 on 10 restored pastures where, after at least 10 years
of abandonment, grazing had re-started 3-8 years before the study, 11
continuously grazed pastures and 12 abandoned pastures which had not been
grazed for at least 10 years. All restored and most continuously grazed pastures
received support under the Finnish AES. All grazing was by cattle. Butterflies and
day-flying moths were counted along transects four (1999) or seven (2000) times
from May-August. Either searching time (1999) or transect length (2000) were
standardized across sites.

A replicated, controlled study in 1996-2000 on three arable farms in Essex,
UK (6, same experimental set-up as 3, 4, 10, 11) found that 2-m-wide sown grass
margins which farmers were paid to create, but not 6-m-wide grass margins, had
higher butterfly species richness than field edges without grass margins. Butterfly
species richness was higher in 2-m-wide agri-environment scheme grass margins
(8-9 species) than in cropped field edges without margins (5-7 species), but was
not significantly different in 6-m-wide margins compared to cropped field edges
(data not presented). Species richness was also higher on 2-m grass margins sown
with a more diverse seed mixture, and was higher on 2-m grass-sown margins
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next to hedgerows than on margins without hedgerows (data not presented). In
October 1996-1998, twenty-six margins were established according to
Countryside Stewardship Scheme requirements on three farms: 13 grass-sown
that were 2 m wide, five grass-sown that were 6 m wide, three naturally
regenerated (6 m wide) and five cropped field edges (2 and 6 m wide). Grass-sown
margins were established using seed mixtures containing 4-9 common grass
species. Butterflies were monitored weekly in summer from 1997-2000 in
suitable weather.

A replicated, paired, site comparison study in 2003-2004 on 24 arable farms
in Scania, Sweden (7) found that farms which landowners were paid to manage
organically had a higher abundance and species richness of butterflies and burnet
moths than conventional farms in intensively farmed but not more diverse
landscapes. In intensively farmed landscapes, both the abundance (1.7
individuals/50 m) and species richness (0.9 species/50 m) of butterflies and
burnet moths on subsidized organic farms were higher than on conventional
farms (abundance: 0.4 individuals/50 m; richness: 0.3 species/50 m). However, in
more diverse landscapes, the abundance (4.5 individuals/50 m) and species
richness (1.6 species/50 m) of butterflies and burnet moths on subsidized organic
farms were not significantly different from conventional farms (abundance: 3.6
individuals/50 m; richness: 1.4 species/50 m). Twelve arable farms with >50% of
land under EU-subsidized organic management in 2002 and 12 conventional
farms of similar size, crop type and landscape features, were selected. Farm pairs
were 3-8 km apart. Six pairs of farms were in diverse landscapes (15% arable land,
19% pasture, small fields), and six pairs were in intensively farmed landscapes
(70% arable land, 3% pasture, large fields). From June-August 2003 and May-
August 2004, butterflies and burnet moths were surveyed 5-6 times/year along
400-750 m routes along cereal field boundaries. Individuals occurring 5 m into
the crop and in adjacent 2-m uncultivated margins were counted.

A replicated, paired, controlled study in 2004 in 13 hay meadows in Aargau,
Switzerland (8) found that paying farmers to manage meadows for wildlife
resulted in higher species richness and abundance of butterflies compared to
intensively managed meadows. Species richness and abundance of butterflies was
higher in meadows managed under agri-environment schemes (AES) than in
intensively managed meadows (data presented as model results). However,
species richness and abundance of butterflies in intensively managed meadows
was the same closer to and further from AES meadows (data presented as model
results). The 13 low-input meadows (0.48-2.15 ha) had been managed as
“Ecological Compensation Areas”, with no fertilizer application and not mown
until after 15 June, for at least 5 years, and were paired with adjacent intensively
managed meadows. In May 2004 four pots, each containing one plant of radish
Raphanus sativus, clustered bellflower Campanula glomerata, and common
catsear Hypochaeris radicata, were placed in each AES meadow, and at 25, 50, 100
and 200 m into the adjacent intensive meadow. Flower visiting insects were
collected between 10:00 and 16:00 in one 20-minute session/station in each of
May, July and August 2004.

A replicated, controlled study in 1998-2004 in two farmland regions of the
Swiss Plateau, Switzerland (9) found more species of butterfly on grassland which



66

farmers were paid to manage for wildlife than on conventional grassland in one of
the two areas. In Nuvilly, there was an average of 12 species on agri-environment
scheme (AES) grasslands and 11 species on conventional grasslands. In Ruswil,
there was an average of 3.4 species on AES grasslands and 2.6 species on
conventional grasslands. When other factors such as number of plant species,
coverage of woody plants or distance to forest were taken into account, this
difference was only statistically significant in Ruswil, and not in Nuvilly. AES
grasslands had more ‘specialist’ species - those with only one generation/year,
poor dispersal ability or caterpillars that eat only one type of plant. AES grasslands,
managed as “Ecological Compensation Areas”, were fertilized with an average of
7 kg N/ha and cut on average twice a year. Conventional grasslands were fertilized
with an average of 206 kg N/ha and cut on average three times each year. Every
two years from 1998-2004, butterflies were surveyed in five 10-minute surveys
every 2-3 weeks between May and August, in 20-22 AES grasslands and 6-16
conventional grasslands.

A replicated, controlled study in 1996-2000 on three arable farms in Essex,
UK (10, same experimental set-up as 3, 4, 6, 11) found that planted grass margins
which farmers were paid to create had higher butterfly abundance than cropped
field edges without margins. Butterfly abundance was higher in sown agri-
environment scheme grass margins (67 individuals/km) than in cropped field
edges (26 individuals/km). In sown grass margins abundance was higher for
meadow brown Maniola jurtina (16 individuals/km) and golden skipper
Thymelicus spp. (14 individuals/km) compared to cropped margins (meadow
brown: 4; Thymelicus spp.: 1 individuals/km), but the abundance of gatekeeper
Pyronia tithonus was similar (grass margin: 8; cropped margin: 5 individuals/km).
Over four years, the total abundance of butterflies in the sown margins decreased
(from 101 to 47 individuals/km), as did the abundance of Thymelicus spp. (32 to
3 individuals/km) and large skipper Ochlodes venata (15 to 1 individuals/km).
However, the abundance of gatekeeper increased (2 to 13 individuals/km). In
October 1996, thirteen 2-m-wide grass margins were sown (20 kg seed/ha) and
were not cut after the first year according to Countryside Stewardship Scheme
requirements. Butterfly abundance was monitored weekly from late June to early
August 1997-2000 in grass margins and cropped field edges on each farm. All
butterflies were recorded, but special note was taken of ‘key’ grassland species:
meadow brown, gatekeeper, small skipper Thymelicus sylvestris, Essex skipper
Thymelicus lineola and large skipper.

A replicated, controlled study in 1996-2003 on three arable farms in Essex,
UK (11, same experimental set-up as 3, 4, 6, 10) found that planted grass margins
which farmers were paid to create had higher butterfly abundance than cropped
field edges without grass margins. Butterfly abundance was higher in both 2-m-
wide (64 individuals/km) and 6-m-wide (54 individuals/km) sown agri-
environment scheme grass margins than in cropped field edges (19-24
individuals/km). Meadow brown Maniola jurtina abundance was higher in 2-m
(15 individuals/km) and 6-m (22 individuals/km) margins than in cropped field
edges (4-5 individuals/km), but abundance was similar for gatekeeper Pyronia
tithonus (grass margin: 7-9; cropped: 5-6 individuals/km) and golden skipper
Thymelicus spp. (grass margin: 5-14; cropped: 2-13 individuals/km). In October
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1996-1997, three 2-m-wide margins were sown with grass seed (4-6 species) and
left uncut after the first year, and three 6-m-wide margins were established
through natural regeneration or by sowing (6-9 species), and cut annually after
15 July, according to Countryside Stewardship Scheme requirements. Butterfly
abundance was monitored weekly in summer 1997-2000 and 2003 in the six
grass margins and five cropped field edges.

A replicated, site comparison study in 1991-2000 in 128 grassland sites
across southern England, UK (12) found that chalkhill blue Polyommatus coridon
abundance increased more on sites with agri-environment scheme agreements
than sites without agreements. Chalkhill blue numbers increased on average
3.2%/year at 66 sites with Countryside Stewardship Scheme or Environmentally
Sensitive Area agreements, compared to a non-significant decline of -2.7%/year
at 62 non-scheme sites. Chalkhill blues were counted annually from 1991 to 2000,
at 128 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 before-and-after study in 1980-2006 in a forest-steppe landscape in the
White Carpathians, Czech Republic (13) reported that paying farmers to mow
grasslands under agri-environment schemes (AES) decreased the abundance of
Danube clouded yellow Colias myrmidone. Results were not tested for statistical
significance. In the first year of AES management, only 11 observations of 26
individual Danube clouded yellows were recorded, compared to 2,345 records in
the eight years immediately prior to AES management, and 3,838 records in the
previous 15 years. In the second and third years of AES management, only five and
two individuals were recorded, respectively, and these observations were from
abandoned pasture outside of the reserves. From the 1970s to the mid-1990s,
infrequent mowing and scrub removal were used to prevent succession on 2,457
ha of grassland reserves. From the mid-1990s to 2004, reserves were mown
uniformly using national funding, and since 2004 this was increased to two
cuts/year under AES on all but 355 ha of grassland. Historical butterfly records
were compiled for 1980-1994 and 1995-2002, and butterflies were recorded 3-
6 times/year on systematic surveys at prescribed sites.

A replicated, site comparison study in 1998-2005 in mixed farmland in
Aargau, Switzerland (14) found that Ecological Compensation Areas (ECAs),
which farmers were paid to create, initially supported more butterfly species than
farmed land, but over time the number of species decreased in both ECAs and
farmed land. When initially surveyed, there were more species of butterfly in ECAs
(7.3 species/plot) than in non-ECA sites (5.6 species/plot). However, between the
first survey and the second survey, the number of butterfly species decreased
overall, but the decreases were similar on ECA and non-ECA sites (both -1.1
species/plot). Most ECA sites were established between 1992 and 1998, and were
managed for wildlife for at least six years under the Swiss agri-environment
scheme. Sites were surveyed twice, five years apart, with the first survey taking
place in 1998-2000 and the second in 2003-2005. At 52 ECA sites and 35 non-
ECA sites, butterflies were surveyed along a 10 x 250 m transect 11 times/ year.
The authors noted that ECAs were typically established on farmland with potential
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for maximum biodiversity gain, which may have affected the relative numbers of
species found in the first survey.

A replicated, controlled study in 1998-2004 in three grassland and arable
farmland regions in central Switzerland (15) found that wildflower strips and low-
input grasslands which farmers were paid to create or manage for wildlife
contained similar numbers of butterfly species to conventional crop fields and
conventionally managed grassland. The estimated number of butterfly species on
wildflower strips (19 species) was the same as on conventional crop fields (19
species). The estimated number of species was also similar between low-input (36
species) and conventional (34 species) grassland. The study sampled 78
wildflower strips (sown with 20-40 plant species) and 72 crop fields, and 315
low-input grasslands managed as “Ecological Compensation Areas” and 216
conventionally managed grasslands. From 1998-2004, butterflies were surveyed
every two years between May and September, using five 10-minute observation
periods across 0.25 ha/field.

A replicated, paired, site comparison study in 2007 in four arable fields in
Oxfordshire, UK (16, same experimental set-up as 17, 19, 20, 25) found a higher
abundance of common farmland larger moth species in the margins and centres
of fields with 6-m-wide perennial grass margins, which farmers were paid to
maintain, than in fields with standard 1-m margins, but this varied between
species. Fields with 6-m-wide agri-environment scheme grass margins had 40%
more moths of nine common species combined than fields with standard margins
(data presented as model results). However, only two individual species (treble
lines Charanyca trigrammica and brown-line bright-eye Mythimna conigera) were
more abundant in fields with wide margins (data presented as model results). On
the 32 nights (dusk till dawn) with suitable weather between 5 June and 14 July
2007, ten Heath pattern actinic light traps (6 W) were positioned in two arable
fields/night: one in the centre of each field, and one in each field margin (1 m from
hedgerow). All traps were >100 m apart and >50 m from hedgerow intersections.
Traps were alternated between two pairs of fields each night, one with 6-m-wide
perennial grass margins maintained under agri-environment agreements, and the
other with standard 1-m-wide margins. Moths were identified on the morning
after capture.

A replicated, controlled study in 2004-2006 in four arable areas in
Oxfordshire, UK (17, same experimental set-up as 16, 19, 20, 25) found that farms
with mature hedgerow trees in areas where farmers were encouraged to sign-up
to agri-environment schemes (AES) had a higher abundance and diversity of
larger moths than farms with hedgerow trees where farmers signed-up
voluntarily. Farms with mature trees in their hedgerows in areas where farmers
were encouraged to sign-up to AES had a higher abundance (9.6 individuals) and
species diversity of moths than farms with hedgerow trees in areas where farmers
signed-up voluntarily (abundance: 8.5 individuals), and farms without hedgerow
trees where farmers were encouraged to sign-up (abundance: 8.2 individuals;
diversity presented as model results). After two years of encouraging AES sign-
ups, the area of land with enhanced hedgerow management options in targeted
areas (5,197 ha, 219 km hedgerow) was higher than in voluntary sign-up areas
(1,972 ha, 83 km hedgerow). Enhanced management required maintaining hedges
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at a height of >2 m, and not cutting more than once every three years. From 2004-
2006, farmers in two areas were systematically encouraged to sign-up to AES. In
two other areas, no active encouragement was given, but some farmers entered
the scheme voluntarily. Four farms in each area were divided into two
experimental groups: with and without mature (>15 m high) hedgerow trees. All
farms were sampled once during each of 11 discrete fortnightly periods from mid-
May to mid-October 2006 using standardized moth traps.

A before-and-after study in 1994-2006 on a farm in Oxfordshire, UK (18)
found that following adoption of the Environmentally Sensitive Areas (ESA)
scheme, the abundance and species richness of large moths and some species of
butterfly increased. After ESA management began, the total abundance (1,000-
1,450 individuals) and species richness of large moth species was higher than
before (800-1,250 individuals, richness data not presented). One of the five most
abundant moth species (lunar underwing Omphaloscelis lunosa) and five of 23
butterfly species (meadow brown Maniola jurtina, brown argus Aricia agestis,
common blue Polyommatus icarus, small copper Lycaena phlaeas and red admiral
Vanessa atalanta) increased in abundance after the change in management.
However, two butterfly species became less abundant (green-veined white Pieris
napi and large white Pieris brassicae, data presented as model results). Overall
butterfly abundance and species richness increased over the entire monitoring
period, but the increase did not just happen after the management change. In 2002,
the farm entered the ESA 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. Butterflies were monitored weekly from April-September on a fixed 3.6 km
transect divided into 13 sections. Moths were monitored nightly from dusk to
dawn using a light trap in a fixed position in the middle of the farm.

Areplicated, site comparison study in 2008 in five arable fields in Oxfordshire,
UK (19, same experimental set-up as 16, 17, 20, 25) found that 6-m-wide perennial
grass margins, which farmers were paid to maintain, had a similar abundance of
moths to standard <2-m margins. Agri-environment scheme 6-m-wide grass
margins had similar numbers of moths to <2-m margins (data presented as model
results). Two arable fields had 6-m-wide perennial grass margins maintained
under agri-environment agreements and three had standard <2-m-wide margins.
Four sampling points at 1 m from the hedgerow and >100 m apart were selected
in each field (20 in total). Between dusk and dawn on 33 nights between 9 June
and 19 July 2008 moths were caught (at 10 points/night) using standardized light
traps, identified on the morning after capture, marked and released.
Counts/treatment not stated. Only data from 23 species of moth, which were
found at the study sites in the previous year and whose flight period coincided
with the sampling, were analysed.

A replicated, site comparison study in 2006-2008 on four arable farms in
Oxfordshire, UK (20, same experimental set-up as 16, 17, 19, 25) found that field
margins next to hedgerow trees, which farmers were paid to maintain under agri-
environment schemes, had more pale shining brown moths Polia bombycina than
margins without hedgerow trees, but wider margins did not have more moths
than standard margins. The number of individuals caught in margins next to



70

hedgerow trees (1.0-1.3 individuals/trap) was higher than the number in margins
without trees (0.3-0.4 individuals/trap). However, the number of individuals
caught in wide field margins (0.4-1.3 individuals/trap) was not significantly
different to the number caught in standard width margins (0.3-1.0
individuals/trap). Four farms were assigned to one of four treatments, based on
their most common agri-environment schemes habitat: 6-m-wide perennial grass
or 1-2-m-wide standard field margins, and with or without hedgerow trees (>15
m high, mostly pedunculated oak Quercus robur). From May-October 2006-2008,
moths were sampled overnight, once/fortnight, using three 6 W Heath pattern
actinic light traps/farm. In June-July 2007 and 2008, at one farm, an additional 8-
10 traps were set for 32-33 nights/year, in margins with the same treatments
across 4-5 fields (16-20 locations). All traps were 1 m from hedgerows (2-3 m
high, 1.5-2.5 m wide), 5 m from trees (if applicable), >50 m from hedgerow
intersections, and >100 m apart.

A replicated, site comparison study in 2000-2004 in an arable landscape in
the Swiss Plateau, Switzerland (21) found that wildflower strips which farmers
were paid to create contained a higher abundance and species richness of
generalist but not specialist butterflies than other arable habitats. For generalist
butterflies, both the average abundance (24.0 individuals) and species richness
(7.0 species) were higher in wildflower strips than in conventional grassland
(abundance: 12.0; richness: 5.0) or wheat, maize and root crop fields (abundance:
2.6-3.7, richness: 1.8-2.2). However, for specialist butterflies there was no
significant difference in abundance or richness (wildflower: abundance = 2.4;
richness = 1.0; grassland: abundance = 0.6, richness = 0.5; crops: abundance = 0.4;
richness = 0.2). Species richness of generalists was also higher in fields with more
wildflower strips in the surrounding area (data presented as model results). From
1994-2004, within an 822-ha arable landscape, wildflower strips were sown with
buckwheat as ground cover, and 30-40 wild plant species. They received no
fertilizer or pesticide, and were not cut between 15 March and 1 October. In 2000,
2002 and 2004, butterflies were surveyed in five habitats: wildflower strips,
conventional grassland, wheat fields, root crops and maize fields. Each year, 37-
39 fields (6-11 fields/habitat) were sampled with 5 x 10-minute surveys every 2-
3 weeks between May and August. The surrounding land cover (200-m radius)
was mapped from aerial photographs. Generalist and specialist species were
determined based on the number of caterpillar food plants.

A replicated, paired, site comparison study in 2008 on 36 farms in central
Scotland, UK (22) reported that farms managed under agri-environment schemes
(AES) had a higher abundance and species richness of moths than conventionally-
managed farms. Results were not tested for statistical significance. On AES farms,
390 individuals of 51 species of micro-moth were recorded, compared to 199
individuals of 43 species on conventionally-managed farms. On AES farms, 1,377
individuals of 71 species of all macro-moths, and 159 individuals of 13 species of
declining macro-moths, were recorded, compared to conventional farms where
917 individuals of 61 species of all macro-moths and 111 individuals of 17 species
of declining macro-moth were recorded. In 2004, eighteen farms enrolled in AES,
and were paired with 18 similar but conventionally-managed farms, <8 km away.
Each AES farm had at least three of four features (hedgerows, sown grass field



71

margins or banks, sown species-rich grassland, >3-m-wide waterway margins) all
with reduced chemical inputs and relaxed cutting and grazing regimes compared
to similar habitat features on the conventional farms. From June-September 2008,
moths were collected for four hours, on one night/farm, using 6 W heath light
traps located next to each habitat type (3-4 traps/farm, 2100 m apart). Paired
farms were surveyed on the same night.

Areplicated, randomized, paired, controlled study in 2005-2011 on an arable
farm in Buckinghamshire, UK (23) found that land managed under an agri-
environment scheme had a higher abundance, but not species richness, of
butterflies and micro-moths than conventional farming, but there was no
difference in abundance or species richness of other moths. Butterfly abundance
was higher under enhanced Entry-Level Stewardship (ELS) (5,400 individuals/60
ha) and standard ELS (2,000 individuals/60 ha) than under conventional farming
(1,400 individuals/60 ha). Micro-moth abundance was also higher under
enhanced ELS (79 individuals) than standard ELS (32 individuals) or conventional
farming (20 individuals). However, the abundance of macro-moths and
threatened moths was similar under enhanced ELS (macro: 126; threatened: 6
individuals), standard ELS (macro: 79; threatened: 5 individuals) and
conventional farming (macro: 79; threatened: 6 individuals). Species richness of
all groups was similar under enhanced ELS (macro: 20; micro: 11; threatened: 3
species), standard ELS (macro: 20; micro: 8; threatened: 2 species) and
conventional farming (macro: 18; micro: 5; threatened: 2 species) (butterfly data
not presented). In 2005, a 1,000-ha farm was divided into five 180-ha blocks.
Three 60-ha areas/block were assigned to three treatments: enhanced ELS (5%
land removed from production); standard ELS (1% land removed from
production); and conventional farming (see paper for details). From May-August
2006-2011, butterflies were recorded four times/year on one 50-m transect/60-
ha area, passing through all available habitats. In late-May 2007-2011 and late-
July 2006-2011 moths were surveyed using Robinson light traps. One block was
surveyed/night, with one trap/treatment.

A replicated, site comparison study in 2001-2010 in 32 pastoral farms in
Dorset, UK (24) reported that on farms in agri-environment schemes, marsh
fritillary Euphydryas aurinia populations were more likely to have a positive
response over nine years than on farms not in schemes. In 28 farms in agri-
environment schemes, marsh fritillary populations showed a positive response in
20, a negative response in one and no change in seven. In four farms not in agri-
environment schemes, populations showed a positive response in two and no
change in two. The study does not clearly report whether responses of populations
were measured as size, number/site or persistence. Data were provided for 32
farms which had populations of marsh fritillary. Twenty-eight were in either the
Wildlife Enhancement Scheme, Countryside Stewardship Scheme or Higher Level
Environmental Stewardship scheme. From 2001-2010 butterflies were surveyed
annually via walking transects and caterpillars via web counts. It is not clear
whether both transects and web counts were conducted at all farms.

A replicated, site comparison study in 2006-2009 on 16 arable farms in
Oxfordshire, UK (25, same experimental set-up as 16, 17, 19, 20) found that
extended-width field margins and margins next to hedgerow trees, which farmers
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were paid to maintain under agri-environment schemes, had a higher species
richness, but not abundance, of macro-moths than standard-width margins and
margins away from hedgerow trees, respectively. The species richness of macro-
moths in extended-width margins (105 species) was higher than in standard-
width margins (92 species), but the abundance was similar (data not presented).
Species richness in margins next to hedgerow trees (105 species) was also higher
than in margins next to hedgerows without trees (92 species), but abundance was
similar (data not presented). Sixteen farms were categorized to one of four
treatments, based on their most common agri-environment scheme habitat:
extended 6-m-wide or standard 1-m-wide field margins, and with or without
hedgerow trees (>15 m high, mostly pedunculated oak Quercus robur). All margins
were well-established perennial grass strips, cut once every 2-3 years, ungrazed
and unfertilized. From May-October 2006-2009, moths were sampled 40 times
(once/fortnight), using three 6 W Heath pattern actinic light traps/farm. Traps
were 1 m from hedgerows (2-3 m high, 1.5-2.5 m wide), 5 m from trees (if
applicable), >50 m from hedgerow intersections, >100 m apart, and operated from
dawn to dusk. Three farms (nine traps) were sampled/night.

A replicated, site comparison study in 1995-2011 in 850 sites across England,
UK (26) found that sites surrounded by a larger area or greater number of
individual agri-environment scheme (AES) options targeted at butterflies had
more butterflies than sites surrounded by a smaller area or fewer individual AES
options. There were more butterflies on sites with more AES options in the
surrounding 3 km than on sites surrounded by fewer AES options (data presented
as model results). However, the introduction of AES schemes near to individual
sites did not alter local butterfly population trends (data presented as model
results). Three agri-environment schemes, Environmentally Sensitive Areas (open
from 1987-2005), Countryside Stewardship Scheme (1991-2005) and
Environmental Stewardship (2005 onwards), were used to pay landowners for
managing wildlife habitat on their land. The area of land managed to benefit
butterflies under AES, and the number of individual AES options in place, around
each survey site was calculated. Options for butterflies included conservation
headlands, hedge planting or restoration, pollen and nectar mixes, and species-
rich, semi-natural grassland. From 1995-2011, butterflies were surveyed
once/week throughout the flight season (up to 26 weeks) along fixed transects at
451 sites as part of the UK Butterfly Monitoring Scheme. In July-August 2010-
2011, butterflies were surveyed at least twice/year on two parallel transects
within 399 1-km squares as part of the Wider Countryside Butterfly Monitoring
Scheme.

A replicated, randomized, controlled study in 2007-2010 on 28 arable farms
in Wessex and East Anglia, UK (27) found that farms with enhanced agri-
environment scheme (AES) habitats had a higher abundance of some butterfly
species than farms with simpler AES habitats. In early summer, farms with
enhanced AES habitats had a higher abundance of blue (Lycaenidae: 0.05
individuals/100 m) and white (Pieridae: 0.46 individuals/100 m) butterflies along
boundaries than farms with Entry Level Scheme (ELS) habitats (blues: 0.04;
whites 0.21 individuals/100 m), but a lower abundance of skippers (Hesperiidae)
in the AES habitat itself (enhanced: 0.00; ELS: 0.02 individuals/100 m). In mid-
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summer, enhanced AES farms had a higher abundance of white butterflies (0.69
individuals/100 m), but a lower abundance of brown butterflies (Satyridae: 0.16
individuals/100 m) in the AES habitat, and a lower abundance of blue butterflies
(0.05 individuals/100 m) along boundaries than ELS farms (whites: 0.38; browns:
0.49; blues: 0.11 individuals/100 m). In spring 2007, twenty-four farms (12 in
East Anglia and 12 in Wessex) were randomly assigned to two treatments: 16
farms with enhanced AES habitat (1.5-6.0 ha of floristically-enhanced grass mixes,
wildflower strips, wild bird seed mixes and natural regeneration by annual
cultivation); and eight farms with ELS habitat (1.5-6.0 ha of grass margins and
game cover (usually maize)). Two additional ELS farms/region, already managed
organically with 1.5 ha of ELS habitat, were also studied. From 2008-2010,
butterflies were surveyed twice/year on 11 fixed 100-m transects, in mid-May-
mid-June and mid-July-early August. Eight transects/site were located in AES
habitat, and three transects/site were located on field boundaries away from the
AES habitat.

A replicated, paired, site comparison study in 2015 on 22 farms in Berkshire,
Hampshire and Wiltshire, UK (28) found that grassland restored through agri-
environment schemes supported more moths than unrestored arable fields, and
was similar to semi-natural grassland sites. Three to 20 years after restoration,
the abundance of moths associated with calcareous grassland (6.3
individuals/trap) and other grassland (49.6 individuals/trap) on restored fields
were higher than on arable fields (calcareous: 0.8; other: 14.6 individuals/trap),
and similar to semi-natural grassland (calcareous: 7.2; other: 38.3
individuals/trap). The abundance of moths associated with other habitats was
higher on restored (25.5 individuals/trap) than unrestored fields (15.3
individuals/trap), but lower than on semi-natural grassland sites (57.9
individuals/trap). Results for species occurrence were similar (data not
presented). However, neither moth abundance nor occurrence increased with
time since restoration (data not presented). Over 3-20 years, 32 former arable
fields (2.6-37.5 ha) on 22 farms were restored to species-rich grassland by either
natural regeneration or sowing of wildflowers, paid for by agri-environment
schemes. All were cut or grazed at least once/year. Thirty-two paired, arable fields
(2.2-49.3 ha) were unrestored, and eight semi-natural calcareous grasslands were
used for comparison. On 21 nights between June-September 2015, moths were
surveyed twice/site (2-4 restored-unrestored pairs/night, with a comparison site
on >50% of nights) using one 15 W light trap in the centre of each field. Moths
were classified as species associated with calcareous grassland, associated with
grassland generally, or not associated with grassland.

Areplicated, site comparison study in 2009-2014 in eight farm set-asides and
two native prairies in Wisconsin, USA (29) found that set-aside fields which
landowners were paid to sow with grasses and non-woody broadleaved plants
(forbs) had a similar number of butterflies to native prairies in the first year, but
lower numbers after 2-5 years. For the first year after establishment, set-aside
areas had a similar number of butterflies (8-52 butterflies/200 m) to native
prairie (5-42 butterflies/200 m). However, 2-5 years after establishment, the
number of butterflies on set-aside (5-20 butterflies/200 m) was lower than in
native prairie (22-68 butterflies/200 m). The total number of species recorded on
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set-aside (31 species, of which six were not seen on prairies) was similar to prairie
sites (35 species, of which 10 were not seen on set-aside). In spring 2009, fields
(average 6.8 ha) on eight farms enrolled in a set-aside program were pre-treated
with glyphosate and seeded with a mix of six grasses and 11 forbs using a no-till
seed drill. They were compared with two native dry sand prairies in a powerline
right-of-way, managed to suppress woody vegetation. From May-August 2009-
2012, butterflies were surveyed 2-4 times/year on one 200-m transect/farm. In
2013-2014, just four farms and the two native prairies were surveyed twice/year.

A replicated, site comparison study in 2009-2011 in 133 mixed farms in the
Central Plateau, Switzerland (30) found that farms with more land managed under
agri-environment schemes (AES) had a higher abundance, but not species
richness, of butterflies than farms with less land under AES. The abundance of
butterflies on farms with more land managed under AES was higher than on farms
with less land managed under AES, but there was no difference in butterfly species
richness (data presented as model results). A total of 133 farms (17-34 ha, 13-
91% arable crops) were managed with “Ecological Compensation Areas” under
AES. Management included extensive and low-input meadows with reduced
fertilizer and later cutting dates, and the presence of trees, hedgerows and
wildflower patches. From May-September 2009-2011, butterflies were surveyed
six times on 10-38 transects/farm, totalling 2,500 m/farm. Each transect ran
diagonally through a single crop or habitat type, with all available crops and
habitats represented. All visits to a farm were completed in a single year, and the
species richness was summed across all visits. Total abundance of butterflies was
calculated from the number recorded in each habitat, and the availability of each
habitat across the farm. Ecological Compensation Areas on each farm were
mapped between May and August.

A replicated, before-and-after, site comparison study in 2000-2016 in 10
coppiced forests in Bavaria, Germany (31) found that the number of webs of
Eastern eggar moth Eriogaster catax and scarce fritillary Euphydryas maturna
caterpillars was higher in recently coppiced woodland, which landowners were
paid to manage, than in older woodland. Eastern eggar moth caterpillars were
most often found in patches 5-10 years after the last coppice, and their abundance
peaked after 5-7 years (data presented as model results). Scarce fritillary
caterpillars were most often found in patches 10-12 years after the last coppice,
and their abundance peaked after 12-15 years (data presented as model results).
Coppicing commenced in 2005 at nine sites (23-310 ha), and in 2012 at a tenth
site (80 ha) under a Government-funded scheme. From 2000-2016, caterpillars of
Eastern eggar moth and scarce fritillary were surveyed in early May and late July-
early August, respectively, by counting their silk-woven webs, in both coppiced
and non-coppiced areas at each site. Each site was surveyed 0-5 times before
coppicing (2000-2004) and 1-12 times after coppicing (2005-2016).

A replicated, site comparison study in 2010-2014 in 50 agricultural areas in
the Swiss Plateau, Switzerland (32) found that landscapes with a greater
proportion of semi-natural habitat, provided through agri-environment schemes
(AES), had a higher abundance and species richness of butterflies than landscapes
with less semi-natural habitat. Agricultural areas with more than 20% of the land
managed under AES had a higher abundance and species richness of all butterflies
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than areas with less than 10% AES. The abundance of farmland butterflies, and
the species richness of threatened butterflies, was higher in landscapes with more
AES than in landscapes with less AES (all data presented as model results). Fifty
mixed farming areas (1 km?2) were selected where 2.5-32.2% of agricultural land
was managed under AES (primarily extensive meadows (cut or grazed once/year,
no fertilizers or pesticides) and orchards). Butterflies were surveyed seven times
along a 2.5-km transect through each 1-kmZ2area in one of five years (2010-2014).
Species were classified as “farmland species” if they occur in open habitat, and
“threatened” species if they were listed as Near Threatened, Vulnerable or
Critically Endangered on the Swiss RedList.
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3.3. Reduce field size (or maintain small fields)

o Five studies evaluated the effects of reducing field size on butterflies and moths. Two
studies were in Switzerland*®, and one was in each of Germany!, Sweden? and the
Czech Republic and Poland?.

COMMUNITY RESPONSE (5 STUDIES)

¢ Richness/diversity (5 studies): Two of four replicated, site comparison studies in
Sweden?, the Czech Republic and Poland? and Switzerland4® found that arable farms
(in more diverse landscapes)? and landscapes? with smaller fields had a higher species
richness of butterflies23 and burnet moths? than areas with larger fields. The other two
studies found that mixed farms# and landscapes® with smaller fields had a similar species
richness of butterflies to areas with larger fields*5. One before-and-after study in
Germany' found that after reducing field size by increasing the length of field edges on
a farm, along with increasing the area of meadows and field margins, the species
richness of butterflies and burnet moths increased.

POPULATION RESPONSE (4 STUDIES)

e Abundance (4 studies): Four replicated, site comparison studies in Sweden?, the
Czech Republic and Poland?® and Switzerland4® found that arable?? and mixed*s farms
and landscapes with smaller fields had a higher abundance of butterflies2-> and burnet
moths? than areas with larger fields.

BEHAVIOUR (0 STUDIES)
Background

Continuous large areas of arable crops or intensively-managed grassland can be
inhospitable for butterflies and moths. However, field edges such as hedgerows,
ditches and grass or flower margins may provide important resources which are
lacking in the managed field centres. Reducing field sizes, and therefore increasing
the density of field edge habitat, may improve the habitat quality for butterflies
and moths within the farmed landscape.

» o«

See also “Plant new hedges”, “Create uncultivated margins around intensive arable
or pasture fields” and “Plant grass buffer strips/margins around arable or pasture
fields”.

A before-and-after study in 1987-1991 on an arable farm in Saarland,
Germany (1) reported that reducing field size (by increasing the length of field
edges), in combination with increasing the area of meadows and field margins,
increased the species richness of butterflies and burnet moths. Results were not
tested for statistical significance. Four years after field edges were increased and
meadows and field margins created, 24 species of butterflies and burnet moths
were present on the farm, compared to 20 species before creation. Marbled white
Melanargia galathea were present at eight survey sites in 1991, compared to one
site in 1987. In 1987, on an intensively managed 30-ha farm with large fields, the
length of field edges was increased from 7,200 m to 17,420 m. Semi-natural
meadows and field margins were created by sowing regional plant species
including rosebay willowherb Epilobium angustifolium, danewort Sambucus
ebulus, heather Calluna vulgaris and regional meadow seeds. From May-August
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1987-1988 and 1991, butterflies and burnet moths were surveyed at sample sites
(number not specified) across the whole farm.

Areplicated, site comparison study in 2003-2004 on 24 arable farms in Scania,
Sweden (2) found that farms with smaller fields in more diverse landscapes had a
higher abundance and species richness of butterflies and burnet moths than farms
with larger fields in intensively farmed landscapes. Both the abundance (3.6-4.5
individuals/50 m) and species richness (1.4-1.6 species/50 m) of butterflies and
burnet moths on farms with small fields in more diverse landscapes were higher
than on farms with larger fields (abundance: 0.4-1.7 individuals/50 m; richness:
0.3-0.9 species/50 m). Twelve arable farms with small fields (average: 31,600 m?)
in diverse landscapes (15% arable land, 19% pasture), and 12 arable farms with
large fields (average: 60,200 m?2) in intensively farmed landscapes (70% arable
land, 3% pasture) were selected. From June-August 2003 and May-August 2004,
butterflies and burnet moths were surveyed 5-6 times/year along 400-750 m
routes along cereal field boundaries. Individuals occurring 5 m into the crop and
in adjacent 2-m uncultivated margins were counted.

A replicated, site comparison study in 2009 in two arable farmland areas in
Opava-Raciborz, Czech Republic and Poland (3) found that land farmed with
smaller field sizes had twice as many individual butterflies and butterfly species
than land farmed with larger field sizes. Both the abundance (14 individuals/visit)
and species richness (3 species/visit) of butterflies were higher where field sizes
were small (in Poland) than where field sizes were large (in the Czech Republic;
abundance: 6 individuals/visit, richness: 2 species/visit). See paper for individual
species results. In Poland, the land had been managed as small, family farms for
decades, whereas in the Czech Republic the field sizes were on average 10-times
larger than in Poland (average field sizes not given). From May-September 2009,
butterflies were recorded for five minutes, once/month, in a 10-m diameter circle
at each of 20 points/country. Survey points were within 500 m of the state border,
at least 200 m apart, and adjoined more than one crop.

A replicated, site comparison study in 2009-2011 in 133 mixed farms in the
Central Plateau, Switzerland (4) found that farms with more, smaller fields had a
higher abundance, but not species richness, of butterflies than farms with fewer,
larger fields. The abundance of butterflies on farms with more, smaller fields was
higher than on farms with fewer, larger fields, but there was no difference in
butterfly species richness (data presented as model results). A total of 133 farms
(17-34 ha, 13-91% arable crops) were surveyed. From May-September 2009-
2011, butterflies were surveyed six times on 10-38 transects/farm, totalling
2,500 m/farm. Each transect ran diagonally through a single crop or habitat type,
with all available crops and habitats represented. All visits to a farm were
completed in a single year, and the species richness was summed across all visits.
Total abundance of butterflies was calculated from the number recorded in each
habitat, and the availability of each habitat across the farm.

A replicated, site comparison study in 2010-2014 in 50 agricultural areas in
the Swiss Plateau, Switzerland (5) found that landscapes with smaller average
field sizes had a higher abundance, but not species richness, of butterflies than
landscapes with larger fields. Agricultural areas with average field sizes <1.5 ha
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had a higher abundance, but not species richness, of butterflies than areas with
average field sizes >1.5 ha (data presented as model results). Fifty mixed farming
areas (1 km?2) were selected which had average field sizes from 0.55 to 2.70 ha.
Butterflies were surveyed seven times along a 2.5-km transect through each 1-
km? area in one of five years (2010-2014).

(1) Reck (1993) Creating new habitats on intensively used farmland, the “Pappelhof” in
Saarland — a project supported by the German government. Natur und Landschaft, 68,
394-403.

(2) Rundlof M. & Smith H.G. (2006) The effect of organic farming on butterfly diversity
depends on landscape context. Journal of Applied Ecology, 43, 1121-1127.

(3) Konvicka M., Benes ]. & Polakova S. (2016) Smaller fields support more butterflies:
comparing two neighbouring European countries with different socioeconomic heritage.
Journal of Insect Conservation, 20, 1113-1118.

(4) StoeckliS., Birrer S., Zellweger-Fischer J., Balmer O., Jenny M. & Pfiffner L. (2017)
Quantifying the extent to which farmers can influence biodiversity on their farms.
Agriculture, Ecosystems & Environment, 237, 224-233.

(5) ZinggS., Grenz J. & Humbert ].-Y. (2018) Landscape-scale effects of land use intensity on
birds and butterflies. Agriculture, Ecosystems & Environment, 267, 119-128.

3.4. Manage hedgerows to benefit wildlife (e.g. no spray,
gap-filling and laying)

¢ Seventeen studies evaluated the effects of managing hedgerows to benefit wildlife on
butterflies and moths. Fourteen studies were in the UK'-689.11-15.17 "and one was in each
of Belgium?, Costa Rica'? and Italys.

COMMUNITY RESPONSE (9 STUDIES)

¢ Richness/diversity (9 studies): Three replicated, site comparison studies in the UK8.13
and Costa Rica'® found that hedgerows with trees.'3 or a more complex structure!® had
a higher species richness or diversity of butterflies'® and macro-moths8.13 than simpler
hedgerows without trees. Three of six replicated studies (including three randomized,
paired, controlled studies, one randomized, site comparison, and two site comparison
studies) in the UK211.12.14.15 and |taly'6 found that hedgerows cut to allow incremental
growth had a higher diversity of caterpillars and pupae than hedgerows cut to the same
size's, that hedgerows kept between 1-2 m tall had a higher species richness of
butterflies than hedgerows kept below 1 m tall'6 and that fields with hedgerows of a larger
volume had higher species richness of butterflies than those with hedgerows of a smaller
volume?, but only in one of two study years?. The other three studies found that
hedgerows managed according to agri-environment scheme prescriptions (including
less frequent!.12.14 or winter cutting’, gap-filling'! and restricted mowing!, in one case
in combination with other agri-environment scheme habitat'?) had a similar species
richness of butterflies'? and moths!".12.14 to conventionally managed hedgerows.

POPULATION RESPONSE (17 STUDIES)

e Abundance (17 studies): Four of six replicated studies (including four randomized,
paired, controlled studies, one controlled study, and one paired, site comparison study)
in the UK41112.14.1517 found that hedgerows cut once every 2-3 years'215.17  cut in
autumn415.17 " or cut to allow incremental growth'?, had a higher abundance of adult
butterflies and moths#12, moth caterpillars and pupae'® and brown hairstreak eggs'” than
hedgerows cut to the same size every winter. However, one of these studies also found
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that hedgerows cut to allow incremental growth had a similar abundance of moth
caterpillars and pupae to hedgerows cut to the same size'5. The other two studies found
that hedgerows managed by gap-filling and cutting every three years had a similar
abundance of moths to conventionally managed hedgerows'!, and that hedgerows cut
in winter, or less frequently in autumn, had more concealed moth caterpillars, but a
similar abundance of free-living caterpillars, to hedgerows cut annually in autumn?,
Three of five replicated, site comparison studies (including one paired study) in the
UK?56.9.13 and Costa Rica'® found that hedgerows with trees had a similar total abundance
of macro-moths to hedgerows without trees56.13, The other two studies found that
hedgerows with trees®, or with a more complex structure'?, had a higher abundance of
butterflies'® and pale shining brown moths?® than simple hedgerows. Two replicated, site
comparison studies in Belgium’ and ltaly's found that hedgerows managed with
scalloped edges’, or maintained at below 1 m tall', had more brown hairstreak eggs’
and a higher abundance of adult butterflies'®, than hedgerows with straight edges’ or
allowed to grow over 2 m tall6. One of two studies (including one controlled and one
replicated, site comparison study) in the UK'3 found that laid or coppiced hedgerows
had a higher abundance of butterflies than unmanaged hedgerows3. The other study
found that managed hedgerows had a lower abundance of caterpillars than remnant
hedgerows'. One replicated, randomized, site comparison study in the UK? found that
butterfly abundance was higher in fields with hedgerows of a larger volume, but only in
one of two study years. One replicated, site comparison study in the UK8 found that field
margins next to hedgerow trees had a higher abundance of most shrub- and tree-
feeding, but not grass- and herb-feeding, moth species than margins away from
hedgerow trees.

BEHAVIOUR (0 STUDIES)
Background

Despite being originally man-made, hedgerows provide an important source of
semi-natural habitat within the farmed landscape. In Europe, conventional
hedgerow management consists of annual cutting to a standard shape and size,
which is unlikely to encourage the diversity of growth and resources needed by
butterflies and moths. The timing of hedgerow cutting may be important for some
species, depending on whether they are in a life-stage which is actively using the
hedgerow and how easily it can disperse (Waring 2004). On the other hand,
unmanaged hedgerows can become too overgrown, and gaps can appear over
time. Hedgerows with more gaps attract fewer meadow brown Maniola jurtina
butterflies than continuous hedgerows (Pywell et al. 2004). Agri-environment
schemes recommend a diversity of hedgerow management techniques, including
gap-filling, reduced mowing at the base, less frequent cutting (once every two or
three years), and advise cutting at specific times of years (often in winter, Facey et
al. 2014).

For studies on planting new hedgerows, see “Plant new hedges”. For studies on
reducing chemical applications alone, see “Pollution - Reduce fertilizer, pesticide or
herbicide use generally” and “Pollution - Convert to organic farming”.

Facey S.L., Botham M.S., Heard M.S., Pywell R.F. & Staley ].T. (2014) Moth communities and agri-
environment schemes: Examining the effects of hedgerow cutting regime on diversity, abundance,
and parasitism. Insect Conservation and Diversity, 7, 543-552.
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Pywell R.F., Warman E.A,, Sparks T.H., Greatorex-Davies ].N., Walker K.J., Meek W.R., Carvell C., Petit
S. & Firbank L.G. (2004) Assessing habitat quality for butterflies on intensively managed arable
farmland. Biological Conservation, 118, 313-325.

Waring P. (2004) Successes in conserving the Barberry Carpet moth Pareulype berberata (D. & S.)
(Geometridae) in England. Journal of Insect Conservation, 8, 167-171.

A replicated, site comparison study in 1979 on a farm in Hampshire, UK (1)
found that regularly cut and uncut hedges had a lower abundance of caterpillars
than patchy, remnant hedges. In regularly cut hedges, the abundance of
caterpillars (7 individuals/hedge) was similar to wuncut hedges (4
individuals/hedge), and both were lower than in remnant hedges (18
individuals/hedge). Three hedges (primarily containing hawthorn Crataegus
monogyna, dog rose Rosa canina and blackthorn Prunus spinosa) in each of three
management categories were selected. Cut hedges (2.0-2.1 m wide, 1.7-2.2 m
high) were regularly managed, and last cut around eight months before sampling.
Uncut hedges (2.6-2.9 m wide, 8.0-9.0 m high) had not been cut for >5 years, but
remained stock-proof. Remnant hedges (2.5-3.0 m wide, 6.0-7.5 m high)
consisted of individual trees and bushes along a field edge. In July 1979,
caterpillars were sampled in three locations on each side of each hedge using a
beating tray.

A replicated, randomized, site comparison study in 1986 and 1991 at a
farmland and grassland site in Cambridgeshire, UK (2) found that butterfly
abundance and species richness were higher in fields with larger hedgerows in
one year but there was no difference in the other year. In 1991, but not in 1986,
abundance and richness were higher in fields with hedges of greater volume (data
presented as statistical results). See paper for details of the effects on individual
butterfly species. From May-September in 1986 and 1991, butterflies were
surveyed up to once/month in fine weather on ninety-nine 200 m transects along
margins between fields of any combination of arable farmland and grassland. Each
transect was surveyed 2-4 times in both years. Hedge volume was measured in
both years and calculated by multiplying height, width and length measurements.

A controlled study in 1995-1996 along a hedgerow in Cambridgeshire, UK (3)
found that laid or coppiced sections of hedge had a higher abundance of butterflies
than uncut sections of hedge. There were more butterflies along laid (53-67
butterflies/plot) or coppiced (60-69 butterflies/plot) sections of hedge than along
uncut sections (23-26 butterflies/plot). Meadow brown Maniola jurtina (laid: 29-
48; coppiced: 28-31; uncut: 18-22 butterflies/plot), gatekeeper Pyronia tithonus
(laid: 7-12; coppiced: 12-16; uncut: 1 butterflies/plot) and small heath
Coenonympha pamphilus (laid: 4-5; coppiced: 7-14; uncut: 2 butterflies/plot)
were all more abundant on laid or coppiced sections than on uncut sections, but
small skipper Thymelicus sylvestris abundance was not significantly different
between treatments (laid: 1-7; coppiced: 2-6; uncut: 0-1 butterflies/plot). A
hedge was planted in the early 1960s. In winter 1990/91 the hedge was divided
into twelve 20-m long experimental plots. One of three treatments was applied to
each plot: laying, coppicing to ground level, or left uncut. In winter 1995/96, the
laid and coppiced sections were trimmed. In summer 1995 and 1996, butterflies
were surveyed on both sides of the hedge on 18-19 visits/year.
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A replicated, controlled study on seven arable and pastoral farms in England
and Wales, UK (4) found that hedgerows cut in February had a lower abundance
of butterflies and moths than hedgerows cut in September. Cutting in February
rather than September reduced numbers of butterflies and moths (February:
33/plot; September: 65/plot). In 1996-1997, hedgerows on seven farms were
assigned to replicated treatments (15-21 plots/farm) of different cutting times
(cut in September or February) and cutting frequency (annual, biennial and
triennial cutting, and uncut; results not presented). Data were obtained on the
abundance of butterflies and moths in May and July within each hedgerow plot
(methods and years not given).

A replicated, paired, site comparison study in 2007 in four arable fields in
Oxfordshire, UK (5, same experimental set-up as 6, 8, 9, 13) found no difference in
the abundance of common farmland larger moth species in margins adjacent to
hedgerows with or without mature trees. Field margins with trees in the adjacent
hedgerow had similar numbers of nine common moth species to margins with no
trees in the adjacent hedgerow (data presented as model results). On the 32 nights
(dusk till dawn) with suitable weather between 5 June and 14 July 2007, eight
Heath pattern actinic light traps (6 W) were positioned in two arable fields/night,
one in each field margin (1 m from the hedgerow). Four traps were within 5 m of
a mature (>15 m high) hedgerow tree, and four were next to hedgerows with no
trees. All traps were >100 m apart and >50 m from hedgerow intersections. Traps
were alternated between two pairs of fields each night, one with 6-m-wide
perennial grass margins and the other with standard 1-m-wide margins. Moths
were identified on the morning after capture.

Areplicated, site comparison study in 2006 in four arable areas in Oxfordshire,
UK (6, same experimental set-up as 5, 8, 9, 13) found that farms with mature trees
in their hedgerows had a higher diversity of larger moths than farms without
mature trees in their hedgerows, but that the abundance of moths was similar.
Farms with mature trees in their hedgerows had a higher species diversity of
moths than farms without hedgerow trees (data presented as model results).
However, the abundance of moths was similar between hedgerows with (25-27
individuals) and without (22 individuals) trees. Three permanent sampling sites
were established >100 m apart and >50 m from hedgerow intersections at each of
16 farms. Farms were divided between four experimental groups: sampling in a
6-m-wide perennial grass margin adjacent to a mature (>15 m high) hedgerow
tree, sampling in a standard 1-m margin adjacent to a hedgerow tree, sampling in
a 6-m margin not adjacent to a hedgerow tree, and sampling in a 1-m margin not
adjacent to a hedgerow tree. All farms were sampled once during each of 11
discrete fortnightly periods from mid-May to mid-October 2006 using
standardized moth traps.

A replicated, site comparison study in 2001-2005 in 63 hedgerows and
woodland edges in an agricultural landscape in Flanders, Belgium (7) found that
hedgerows with scalloped edges contained more brown hairstreak Thecla betulae
eggs than hedgerows with straight borders. There were twice as many brown
hairstreak eggs on blackthorn Prunus spinosa bushes in scalloped hedgerows than
in straight hedgerows (data presented as model results). In addition, more eggs
were present on hedgerows lower than 1.5 m than on taller hedgerows (data
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presented as model results). Hedgerows and woodland edges (1-250 m long,
2,260 m total) containing blackthorn were divided into 10-m sections (338
hedgerow sections), and categorized as “scalloped”, “oval”, “boxed” or “with gaps”
(exact descriptions not provided). Each winter from 2001-2005, all blackthorn
bushes were systematically searched for brown hairstreak eggs.

Areplicated, site comparison study in 2008 in five arable fields in Oxfordshire,
UK (8, same experimental set-up as 5, 6, 9, 13) found that field margins next to
hedgerow trees had a higher overall abundance of most shrub- and tree-feeding
moth species than margins away from hedgerow trees, but the same was not the
case for grass- and herb-feeding moth species. Margins of either 2 m or 6 m next
to an area of hedgerow containing at least one tree had a higher abundance of 11
of 13 shrub- and tree-feeding moths than margins without a hedgerow tree, but
the presence of hedgerow trees did not affect the abundance of grass- and herb-
feeding moths (data presented as model results). The other two species of shrub-
and tree-feeding moths (scalloped oak Crocallis elinguaria and buff tip Phalera
bucephala) had similar abundance in margins next to and away from hedgerow
trees. The five arable fields selected were enclosed with hedgerows containing
trees. Two fields had 6-m-wide perennial grass margins and three had <2-m-wide
margins. Four sampling points >100 m apart were selected /field, with two/field
being 5 m from the trunk of a hedgerow tree. Thus there were four experimental
groups: a 6-m-wide margin adjacent to a tree, a <2-m margin adjacent to a tree, a
6-m margin not adjacent to a tree, and a <2-m margin not adjacent to a tree.
Between dusk and dawn on 33 nights between 9 June and 19 July 2008 moths
were caught (at 10 points/night) using standardized light traps, identified on the
morning after capture, marked and released. Counts/treatment not stated.

A replicated, site comparison study in 2006-2008 on four arable farms in
Oxfordshire, UK (9, same experimental set-up as 5, 6, 8, 13) found that field
margins next to hedgerow trees had more pale shining brown moths Polia
bombycina than margins without hedgerow trees. The number of individuals
caught in margins next to hedgerow trees (1.0-1.3 individuals/trap) was higher
than the number in margins without trees (0.3-0.4 individuals/trap). Four farms
were assigned to one of four treatments, based on their most common boundary
features: 6-m-wide perennial grass or 1-2-m-wide standard field margins, and
with or without hedgerow trees (>15 m high, mostly pedunculated oak Quercus
robur). From May-October 2006-2008, moths were sampled overnight,
once/fortnight, using three 6 W Heath pattern actinic light traps/farm. In June-
July 2007 and 2008, at one farm, an additional 8-10 traps were set for 32-33
nights/year, in margins with the same treatments across 4-5 fields (16-20
locations). All traps were 1 m from hedgerows (2-3 m high, 1.5-2.5 m wide), 5 m
from trees (if applicable), >50 m from hedgerow intersections, and >100 m apart.

A replicated, site comparison study in 2005-2006 in 10 hedgerows in cattle
pastures in Central Pacific Region, Costa Rica (10) found that structurally complex
hedges had a higher abundance and species richness of butterflies than simple
hedges. In structurally complex hedges, butterfly abundance (321
individuals/hedge) and species richness (37 species/hedge) was higher than in
simple hedges (abundance: 235 individuals/hedge; richness: 28 species/hedge).
In addition, 24 species were only recorded in complex hedges, including some
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forest-dependent species, while five species were only recorded in simple hedges,
and 46 species were recorded in both hedge types (statistical significance not
assessed). Ten hedges (>200 m long) in cattle pastures were studied. Five hedges
were structurally complex, with up to 29 tree species (primarily copperwood
Bursera simaruba, salmwood Cordia alliodora, and pink poui Tabebuia rosea) of
different heights and widths (>6 m wide), and five hedges were simpler (<6 m high
and <4 m wide) with smaller and pruned trees (primarily copperwood and
pochote Bombacopsis quinata, up to 13 species). In 2005, and February-May 2006,
butterflies were surveyed for 45 minutes on a 120-m transect along each hedge,
four times in the dry season and four times in the rainy season.

A replicated, paired, site comparison study in 2008 on 26 farms in central
Scotland, UK (11) found that hedgerows managed under agri-environment
schemes (AES) had a similar abundance and species richness of moths to
conventionally-managed hedgerows. In AES hedgerows, the abundance (64
individuals) and species richness (25 species) of micro-moths, the abundance
(219 individuals) and species richness (33 species) of all macro-moths, and the
abundance (26 individuals) and species richness (6 species) of declining macro-
moths were all similar to conventionally-managed hedgerows (micro-moths: 81
individuals, 25 species; all macro-moths: 203 individuals, 32 species; declining
macro-moths: 31 individuals, 7 species). In 2004, thirteen farms enrolled in AES,
and were paired with 13 similar but conventionally-managed farms, <8 km away.
Hedgerows on AES farms had gaps filled, and were managed with restrictions on
pesticide use, no mowing of the hedge bottom, and were only cut once every three
years with further restrictions on timing. Hedgerows on conventional farms had
no management restrictions. From June-September 2008, moths were collected
for four hours, on one night/farm, using a 6 W heath light trap located next to one
hedgerow on each farm. Paired farms were surveyed on the same night.

Areplicated, randomized, paired, controlled study in 2005-2011 on an arable
farm in Buckinghamshire, UK (12) found that land managed under an agri-
environment scheme, including hedgerow management, had a higher abundance,
but not species richness, of butterflies and micro-moths than conventional
farming, but there was no difference in abundance or species richness of other
moths. Butterfly abundance was higher under enhanced Entry-Level Stewardship
(ELS) (5,400 individuals/60 ha) and standard ELS (2,000 individuals/60 ha) than
under conventional farming (1,400 individuals/60 ha). Micro-moth abundance
was also higher under enhanced ELS (79 individuals) than standard ELS (32
individuals) or conventional farming (20 individuals). However, the abundance of
macro-moths and threatened moths was similar under enhanced ELS (macro:
126; threatened: 6 individuals), standard ELS (macro: 79; threatened: 5
individuals) and conventional farming (macro: 79; threatened: 6 individuals).
Species richness of all groups was similar under enhanced ELS (macro: 20; micro:
11; threatened: 3 species), standard ELS (macro: 20; micro: 8; threatened: 2
species) and conventional farming (macro: 18; micro: 5; threatened: 2 species)
(butterfly data not presented). In 2005, a 1,000-ha farm was divided into five 180-
ha blocks. Three 60-ha areas/block were assigned to three treatments: enhanced
ELS (5% land removed from production, hedges cut every two years); standard
ELS (1% land removed from production, hedges cut every two years);
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conventional (hedges cut annually) (see paper for other details). From May-
August 2006-2011, butterflies were recorded four times/year on one 50-m
transect/60-ha area, passing through all available habitats. In late-May 2007-
2011 and late-July 2006-2011 moths were surveyed using Robinson light traps.
One block was surveyed/night, with one trap/treatment.

A replicated, site comparison study in 2006-2009 on 16 arable farms in
Oxfordshire, UK (13, same experimental set-up as 5, 6, 8, 9) found that field
margins next to hedgerow trees had a higher species richness, but not abundance,
of macro-moths than margins away from hedgerow trees. The species richness of
macro-moths in margins next to hedgerow trees (105 species) was higher than in
margins next to hedgerows without trees (92 species), but abundance was similar
(data not presented). Sixteen farms were categorized to one of four treatments,
based on their most common agri-environment scheme habitat: extended 6-m-
wide or standard 1-m-wide field margins, and with or without hedgerow trees
(>15 m high, mostly pedunculated oak Quercus robur). All margins were well-
established perennial grass strips, cut once every 2-3 years, ungrazed and
unfertilized. From May-October 2006-2009, moths were sampled 40 times
(once/fortnight), using three 6 W Heath pattern actinic light traps/farm. Traps
were 1 m from hedgerows (2-3 m high, 1.5-2.5 m wide), 5 m from trees (if
applicable), >50 m from hedgerow intersections, >100 m apart, and operated from
dawn to dusk. Three farms (nine traps) were sampled/night.

A replicated, randomized, paired, controlled study in 2005-2011 in a field in
Cambridgeshire, UK (14) found that hedges cut in winter, or less frequently in
autumn, had more concealed moth caterpillars than hedges cut annually in
autumn, but cutting did not affect the number of free-living caterpillars or total
species richness. The abundance of concealed caterpillars on hedges cut in winter
(8.5-9.9 individuals/plot), or every three years in autumn (10.5 individuals/plot)
was higher than on hedges cut annually in autumn (7.5 individuals/plot). The
abundance of free-living caterpillars did not vary with the timing or frequency of
cutting (data not presented). The total number of moth species on hedges cut in
winter (3.8 species/plot) was similar to hedges cut in autumn (3.0 species/plot),
and was similar between different cutting frequencies (data not presented). In
2005, three hedgerows were divided into 32 contiguous, 15-m-long plots, and
randomly assigned to two treatments: cut every one, two or three years, and cut
in September or January/February. Annually cut treatments were replicated eight
times, and other treatments were replicated four times. From May-July 2011,
caterpillars were sampled monthly in two ways. All caterpillars and mined leaves
within a 1 X 0.5 m square (placed 1.5 m high, 5- and 10-m along each plot) were
collected for three minutes. A 2-m section of guttering was placed through the
hedge (0.8 m high, two locations/plot), and the vegetation above struck three
times with a pole. Caterpillars were reared in the lab for identification, and empty
leaf mines and cases were identified. Species were classified as “free-living”
caterpillars which feed on the outside of leaves, and “concealed” species which
mine leaves or form protective cases from them.

Areplicated, randomized, paired, controlled study in 2010-2013 on five farms
in Oxfordshire, Buckinghamshire and Devon, UK (15, same experimental set-up as
17) found that hedges which were cut in autumn, or once every three years, had a
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higher abundance of moth caterpillars and pupae than hedges cut in winter or
every year, and hedges cut to allow incremental growth had a greater species
diversity but similar abundance of moth caterpillars and pupae to hedges cut to a
standard size. Over three years, the total abundance of caterpillars and pupae on
hedges cut in winter (8-12 individuals/plot) was higher than on hedges cut in
autumn (6-10 individuals/plot), and the abundance on hedges cut once every
three years was higher than on hedges cut annually (data used in analysis not
presented). The diversity of species on hedges cut to allow incremental growth
was greater than on hedges cut to a standard size (data presented as statistical
result), but abundance was similar (incremental: 7-12 individuals/plot; standard:
6-10 individuals/plot). See paper for further details. In January-February 2010,
three 260-m-long hedges on each of five farms were cut. From September 2010,
each hedge was divided into twelve 20-m sections, to which each combination of
three sets of management options were applied for three years: cut once every
one, two or three years; cut in September or January/February; and cut to the
same dimensions or with the cutting bar raised by 10 cm on each successive cut
to allow incremental growth. In May 2011-2013, caterpillars and pupae were
sampled by inserting guttering (2 m x 11.2 cm) through each hedge, 80 cm above
ground, at 5, 10 and 15 m along each plot, and beating the vegetation. Caterpillars
and pupae were reared until emerging adults could be identified.

A replicated, site comparison study in 2014-2015 in 44 sites in a mixed
farming region in Lombardy, Italy (16) found that hedgerows which were kept
between 1 and 2 m tall had a higher species richness of butterflies than shorter
hedgerows, but that hedgerows less than 1 m tall had a higher abundance of
butterflies than hedgerows over 2 m tall. The species richness of butterflies was
higher on hedgerows which were 1-2 m tall than on hedgerows which were less
than 1 m tall (data presented as model results). However, the abundance of
butterflies was higher on hedgerows which were <1 m tall than on hedgerows
which were >2 m tall (data presented as model results). See paper for details on
individual species groups. Hedgerows were divided into four height categories (<1
m, 1-2 m, 2-3 m, >3 m). From April-September 2014-2015, butterflies were
surveyed along 44 transects, divided into 8-26 x 50-m sections. In 2014, thirty
transects were surveyed once/month, and in 2015 fourteen different transects
were surveyed twice/month. Only transect sections along hedgerows were
included (number not specified).

A replicated, randomized, paired, controlled study in 2010-2015 on a farm in
Devon, UK (17, same experimental set-up as 15) found that hedges which were cut
once every two or three years in autumn, and allowed to increase in size with each
successive cut, had more brown hairstreak Thecla betulae eggs than hedges cut
every year, in winter or to a standard size. Over four years, the total abundance of
eggs on hedges cut to allow incremental growth (5-12 eggs) was higher than on
hedges cut to a standard size (2-6 eggs). When cut in autumn, there were more
eggs on hedges cut once every three years (6-12 eggs) than on hedges cut every
year (2-6 eggs). Hedges cut once every two (3-11 eggs) or three (6-12 eggs) years
in autumn had more eggs than hedges cut every two (3-5 eggs) or three (3-6 eggs)
years in winter. Hedges which were not cut for five years had a total of 5 eggs on
average. In January-February 2010, three 195-m-long hedges were cut. From
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September 2010, the hedges were divided into thirteen 15-m sections, to which
each combination of three sets of management options were applied for five years:
cutonce every one, two or three years; cutin September or January/February; and
cut to the same dimensions or with the cutting bar raised by 10 cm on each
successive cut. A section at the end of each hedge was left uncut throughout the
experiment. In February-March 2012-2015, brown hairstreak eggs were
surveyed by searching all blackthorn stems and shoots in the central 10 m of each
hedge section for 20 minutes on each side of the hedge.

(1) Sotherton N.W., Wratten S.D., Price S.B. & White R.]. (1981) Aspects of hedge
management and their effects on hedgerow fauna. Zeitschrift Fur Angewandte
Entomologie-Journal of Applied Entomology, 92, 425-432.

(2) Sparks T. H. & Parish T. (1995) Factors affecting the abundance of butterflies in field
boundaries in Swavesey fens, Cambridgeshire, UK, Biological Conservation, 73(3), 221-
227.

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

(4) Maudsley M.]., Marshall E.].P. & West T.M. (2000) Guidelines for hedge management to
improve the conservation value of different types of hedge. Defra report.

(5) Merckx T., Feber R.E., Dulieu R.L., Townsend M.C., Parsons M.S., Bourn N.A.D., Riordan P.
& Macdonald D.W. (2009a) Effect of field margins on moths depends on species mobility:
field-based evidence for landscape-scale conservation. Agriculture, Ecosystems &
Environment, 129, 302-309.

(6) Merckx T., Feber R.E., Riordan P., Townsend M.C., Bourn N.A.D., Parsons M.S. &
Macdonald D.W. (2009b) Optimizing the biodiversity gain from agri-environment
schemes. Agriculture, Ecosystems & Environment, 130, 177-182.

(7) Merckx T. & Berwaerts K. (2010) What type of hedgerows do Brown hairstreak (Thecla
betulae L.) butterflies prefer? Implications for European agricultural landscape
conservation. Insect Conservation and Diversity, 3, 194-204.

(8) Merckx T., Feber R.E., Mclaughlan C., Bourn N.A.D., Parsons M.S., Townsend M.C,, Riordan
P., Macdonald D.W. (2010) Shelter benefits less mobile moth species: The field-scale
effect of hedgerow trees. Agriculture, Ecosystems & Environment, 138(3-4), 147-151.

(9) Merckx T., Feber R.E., Parsons M.S., Bourn N.A.D., Townsend M.C,, Riordan P. &
Macdonald D.W. (2010) Habitat preference and mobility of Polia bombycina: are non-
tailored agri-environment schemes any good for a rare and localised species? Journal of
Insect Conservation, 14, 499-510.

(10) Tobar D.E. & Ibrahim M. (2010) Do live fences help conserve butterfly diversity in
agricultural landscapes? Revista De Biologia Tropical, 58, 447-463.

(11) Fuentes-Montemayor E., Goulson D. & Park K.J. (2011) The effectiveness of agri-
environment schemes for the conservation of farmland moths: assessing the importance
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Stewardship (ELS) on biodiversity at the farm scale: the Hillesden Experiment. Natural
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(15) Staley].T. Botham M.S., Chapman R.E., Amy S.R., Heard M.S., Hulmes L., Savage J. &
Pywell R.F. (2016) Little and late: How reduced hedgerow cutting can benefit
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(16) Luppi M., Dondina 0., Orioli V. & Bani L. (2018) Local and landscape drivers of butterfly
richness and abundance in a human-dominated area. Agriculture, Ecosystems &
Environment, 254, 138-148.

(17) Staley].T., Botham M.S., Amy S.R., Hulmes S. & Pywell R.F. (2018) Experimental
evidence for optimal hedgerow cutting regimes for Brown hairstreak butterflies. Insect
Conservation and Diversity, 11, 213-218.

3.5. Plant new hedges

e Seven studies evaluated the effects of planting new hedges on butterflies and moths.
Five studies were in the UK'-357 and one was in each of Ireland4 and Canadas.

COMMUNITY RESPONSE (5 STUDIES)

¢ Richnessl/diversity (5 studies): Three of four site comparison studies (including three
replicated and three paired studies) in the UK'2, Ireland* and Canada® found that
established hedgerows had a higher species richness of butterflies?4 and macro-moths®
than in-field beetle banks?, crops*¢ or pasture?. The other study found that hedgerows
had a similar species richness of butterflies to grass banks between fields'. One
replicated study in the UK3 found that gorse, oak and blackthorn planted within
hedgerows had more species of arthropods, including caterpillars, than more commonly
planted hawthorn.

POPULATION RESPONSE (6 STUDIES)

e Abundance (6 studies): Five of six studies (including one replicated, controlled study,
three paired, site comparison studies and two site comparison studies) in the UK125.7,
Ireland* and Canada® found that the abundance of butterflies24, moths’, macro-moths®
and gatekeepers® was higher along hedgerows than on beetle banks?, grass margins
without hedgerowss, in field interiors#6, or 5-10 metres away from hedgerows’.The other
study found that the abundance of butterflies along hedgerows was similar to grass
banks between fields without hedgerows'.

BEHAVIOUR (1 STUDY)

e Behaviour change (1 study): One site comparison study in the UK” found that moths
recorded close to hedgerows were more likely to be flying parallel to it than moths
recorded further away.

Background

Hedgerows provide important semi-natural habitat within farmland, offering food
and shelter in their own right, as well as connectivity between other patches of
semi-natural habitat, such as woodland. Hedgerows also reduce the temperature
fluctuations experienced in open farmland, which may facilitate greater species
survival or movement through the landscape. The presence of hedgerows in an
agricultural landscape has been found to increase both the abundance and species
richness of butterflies recorded (Luppi et al. 2018), therefore planting new
hedgerows may help butterfly and moth populations on farmland to recover.

For studies on managing existing hedgerows, see “Manage hedgerows to benefit
wildlife (e.g. no spray, gap-filling and laying)”.
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Luppi M., Dondina 0., Orioli V. & Bani L. (2018) Local and landscape drivers of butterfly richness
and abundance in a human-dominated area. Agriculture, Ecosystems & Environment, 254, 138-148.

A replicated, site comparison study in 1987-1988 and 1997 on two arable
farms in England, UK (1) found that hedgerows did not have a higher abundance
or species richness of butterflies than grass banks between fields. At one farm in
1987-1988, the abundance and species richness of butterflies was similar along
hedgerows (abundance: 9-12 butterflies/100 m; richness: 11-13 species) and
grass banks (abundance: 5-8 butterflies/100 m; richness: 7-9 species). In 1997,
at a second farm, the abundance and species richness of butterflies was similar
along hedgerows (abundance: 10 butterflies/100 m; richness: 1.5 species) and
grass banks (abundance: 6 butterflies/100 m; richness: 1.1 species). At a farm in
Hampshire, from May-September, butterflies were surveyed 13 times along four
hedgerows and three grass banks in 1987, and 10 times along eight hedgerows
and four grass banks in 1988. At a farm in Cheshire, from July-August 1997,
butterflies were surveyed five times along 16 hedgerows and 12 grass banks.

A replicated, paired, site comparison study in 1999 on five farms in the UK (2)
found that the abundance and species richness of butterflies was higher along
hedgerows than on beetle banks established in the centre of fields. Along
hedgerows both the abundance (2-6 individuals/transect) and species richness
(1-3 species/transect) of adult butterflies were higher than on beetle banks
(abundance: 1-2 individuals/transect; richness: 0.5-2 species/transect). A total
of 19 species from four families were recorded along hedgerows, compared to 12
species from three families on beetle banks. Adult butterflies were recorded on 82
transects along hedgerows and beetle banks on five farms in June, July and August
1999.

A replicated study in 1996-1999 on semi-upland farmland in mid-Wales, UK
(3) found that seven species planted in two hedgerows supported different
numbers of arthropods, including moths and butterflies. The number of
arthropods (e.g. insects) recorded differed between hedgerow species: 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 supported the most diverse group in terms of
arthropod orders, with 13 out of 15 orders recorded, two of which were not found
on any other plant species. 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
moths and butterflies (Lepidoptera), beetles (Coleoptera) and true bugs
(Hemiptera) recorded in the study. 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. Arthropods were sampled by tree beating at five points/plot
in June, August and September 1998-1999.

A paired, site comparison study in 2002 on one arable and one livestock farm
in Ireland (4) reported that a higher abundance and species richness of butterflies
was found along hedgerows than in field interiors. Results were not tested for
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statistical significance. On one farm, 13 butterflies of 7 species were recorded
along a hedgerow transect next to arable fields, compared to 2 butterflies of 2
species in an arable field interior. On the other farm, 6 butterflies of 3 species were
recorded along a hedgerow transect next to pasture fields, compared to 0
butterflies in a pasture field interior. From April-September 2002, one arable farm
was surveyed seven times, and one livestock farm with improved grassland was
surveyed 10 times. Butterflies were surveyed along four 250-m transects, one
along a hedgerow and one through a field interior on each farm.

A replicated, controlled study in 1996-2000 on three arable farms in Essex,
UK (5) found that gatekeepers Pyronia tithonus were more abundant on grass
margins and cropped field edges next to hedgerows than on grass margins without
hedgerows. Gatekeepers were more abundant on sown grass margins next to
hedgerows (11.9 individuals/km) and on cropped field edges with hedgerows
(0.7-17.3 individuals/km) than on sown grass margins without hedgerows (0.2
individuals/km). Eleven grass margins (2 m wide, 141-762 m long) were
established in October 1996-2000 by sowing one of three seed mixtures
containing 4-6 grass species next to 100-467 m of existing hedgerow. Two grass
margins (2 m wide, 285 m long) were established on field edges without
hedgerows. Three further field edges without margins (one on each farm, 133-
343 m long) had 100-300 m of existing hedgerow. Gatekeeper abundance was
monitored weekly along each grass margin and cropped edge in July and August
1997-2000.

A replicated, paired, site comparison study in 2001 on 16 arable farms in
Ontario, Canada (6) found that woody hedgerows supported a higher abundance
and species richness of macro-moths than crop fields. Along hedgerows, both the
total abundance (80-418 individuals/trap) and species richness (13-26
species/trap) of moths were higher than in the centre of crop fields (abundance:
40-135 individuals/trap; richness: 8-17 species/trap). Of 126 species collected
only once, 78 were found along hedgerows compared to 48 in crop fields
(statistical significance not assessed). See paper for species results. Sixteen woody
hedgerows (184-203 m long, 10-16 m wide, 18-21 m tall) and their adjacent
arable fields were selected on eight organic farms (no chemical inputs for 23
years) and eight conventional farms (chemical fertilizers and herbicides applied).
Hedgerows were trimmed when too wide, and dead trees were removed. From
June-September 2001, macro-moths were sampled on six nights/site. Each night,
one fluorescent UV black-light funnel trap was set halfway along a hedge, and one
was set ~50 m away in the middle of the adjacent crop field. Two organic and two
conventional farms were sampled each night, and all sites were sampled within
five nights every two weeks.

A site comparison study in 2011-2013 on a mixed farm in Northamptonshire,
UK (7) found that the abundance of moths was higher close to hedgerows than
further away. The number of moths recorded 1 m from a hedgerow (225
individuals) was higher than the number recorded 5 m (73 individuals) or 10 m
(34 individuals) away. Moths observed 1 m from a hedge were more likely to be
moving along it (156 individuals) than at right angles (13 individuals) or diagonal
(19 individuals) to it, whereas this was not the case for moths recorded 5 or 10 m
from the hedge (5 m: along = 30, right angle = 18, diagonal = 11 individuals; 10 m:
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along = 9, right angle = 11, diagonal = 10 individuals). Across a 600-ha
predominantly arable farm, most hedgerows were cut and not laid, but the
condition varied from thick and managed to gappy and derelict. On warm nights
(>5°C) between May and July 2011-2013, moths were observed for 15 minutes at
each of 1, 5 and 10 m away from 13 different hedgerows. The number of moths,
and the direction of flight of each individual, was recorded.

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

(2) Thomas S.R., Goulson D. & Holland ]J.M. (2000) The contribution of beetle banks to
farmland biodiversity. Aspects of Applied Biology, 62, 31-38.

(3) Hayes M.],, Jones A.T., Sackville Hamilton N.R., Wildig ]. & Buse A. (2001) Hedgerows of
the World: Their Ecological Functions in Different Landscapes. 10th Annual Conference of
the International Association for Landscape Ecology, Birmingham, UK, 339.

(4) Bracken F. (2004) The diversity of birds and butterflies in Irish lowland landscapes with
special reference to the effects of set-aside management on birds in the breeding season.
PhD thesis. University College Dublin. Chapter 4: The diversity of butterflies in different
habitat types, pp 147-194.

(5) Field R.G. & Mason C.F. (2005) The utilization of two-metre Countryside Stewardship
Scheme grass margins by the gatekeeper Pyronia tithonus (L). Journal of Natural History,
39,1533-1538.

(6) Boutin C,, Baril A., McCabe S.K., Martin P.A. & Guy M. (2011) The Value of Woody
Hedgerows for Moth Diversity on Organic and Conventional Farms. Environmental
Entomology, 40, 560-569.

(7) Coulthard E., McCollin D. & Littlemore J. (2016) The use of hedgerows as flight paths by
moths in intensive farmland landscapes. Journal of Insect Conservation, 20, 345-350.

3.6. Manage ditches to benefit butterflies and moths
o We found no studies that evaluated the effects on butterflies and moths of managing
ditches to benefit butterflies and moths.

‘We found no studies’ means that we have not yet found any studies that have directly evaluated this
intervention during our systematic journal and report searches. Therefore, we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background

Well-managed ditches running between agricultural fields could provide
important resources to butterflies and moths, including food, shelter, and water
or mud, as well as connectivity between other semi-natural habitat patches across
the landscape.

3.7. Protect in-field trees

¢ One study evaluated the effects of protecting in-field trees on butterflies and moths. The
study was in Sweden'.
COMMUNITY RESPONSE (1 STUDY)

¢ Richnessl/diversity (1 study): One replicated, site comparison study in Sweden' found
that where more trees and trees of more species had been retained in pastures, butterfly
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species richness was higher, but richness was lower when a high proportion of those
trees were large.

POPULATION RESPONSE (0 STUDIES)
BEHAVIOUR (0 STUDIES)

Background

Within open farmland, protecting remnant habitat features which provide vertical
structure, such as in-field trees or forest fragments, may provide pockets of
resources to butterflies and moths. In some cases, this may be enough to support
small, transient populations, but it may also provide important stepping stones
which allow individuals to move through an otherwise hostile landscape.

For studies on planting new trees, see “Plant in-field trees (e.g. copses)”.

A replicated, site comparison study in 1997 in 20 pastures in the Uppsala
region, Sweden (1) found that where more trees and trees of more species had
been retained in pastures, butterfly species richness was higher, but richness was
lower when a high proportion of those trees were large. There was higher
butterfly species richness in pastures with more trees and with more species of
tree. However, there was lower species richness when a greater proportion of the
trees were large (>30 cm diameter at breast height). All data presented as model
results. Butterflies were surveyed along the borders of a 100 m? square walking
transect in 20 grazed semi-natural pastures, repeated 18 times/pasture in July
1997. Tree cover was assessed using maps, aerial photos and field surveys, and
tree species and diameter were assessed in the field.

(1) Soderstrom B., Svensson B., Vessby K. & Glimskar A. (2001) Plants, insects and birds in
semi-natural pastures in relation to local habitat and landscape factors. Biodiversity and
Conservation, 10, 1839-1863.

3.8. Plant in-field trees (e.g. copses)

o We found no studies that evaluated the effects of planting in-field trees on butterflies and
moths.
‘We found no studies’ means that we have not yet found any studies that have directly evaluated this

intervention during our systematic journal and report searches. Therefore, we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background

Intensively farmed areas have often lost much of their natural habitat structure,
such as woodland, which would provide shelter, resources and structural
variation for butterflies and moths. One option for encouraging species back on to
farmland is the creation of small areas of woodland - or copses - within or at the
edge of farmed land.

For studies on protecting existing trees, see “Protect in-field trees”.
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3.9. Provide or retain set-aside areas in farmland

¢ Nine studies evaluated the effects of providing or retaining set-aside areas in farmland
on butterflies and moths. Three studies were in the UK'35, and one was in each of
Germany?, Ireland4, Switzerland®, Hungary’, Finland8 and the USA®.

COMMUNITY RESPONSE (5 STUDIES)

e Community composition (1 study): One replicated, site comparison study in
Germany? found that butterfly communities in older set-aside fields included species
which were less migratory, spent longer as caterpillars, and had fewer generations/year
than species found in newer set-aside fields.

¢ Richness/diversity (5 studies): Three of four replicated studies (including one
randomized, controlled study and three site comparison studies) in Germany?, Ireland?,
Hungary” and Finland® found that sown’#8 or naturally regenerating? set-aside had a
greater species richness of butterflies278 and day-flying moths® than cereal fields or
pasture, especially when the set-aside was sown with less competitive grasses8. One of
these studies found a higher species richness of butterflies and day-flying moths in
second-year set-aside than in first-year set-aside8, but another found no difference in
butterfly species richness between 1-3-year-old set-aside’. The other study found that
set-aside fields had a similar species richness of butterflies and moths to arable and
pasture fields*. One replicated, site comparison study in the USA? found that set-aside
fields had a similar species richness of butterflies to native prairies.

POPULATION RESPONSE (8 STUDIES)

e Abundance (8 studies): Two of five replicated studies (including one randomized,
controlled study and four site comparison studies) in the UK'3, Ireland*, Hungary” and
Finland® found that the abundance of butterflies”8 and day-flying moths® in sown set-
aside was higher than in cereal fields, especially when the set-aside was sown with less
competitive grasses®. One of these studies found a higher abundance of butterflies and
day-flying moths in second-year set-aside than in first-year set-aside?, but another found
no difference in butterfly abundance between 1-3-year-old set-aside’. The other three
studies found that fallow'4 and stubble3 set-aside had a similar abundance of adult
butterflies* and butterfly and moth caterpillars'? to arable fields'34 and pasture*. Two
site comparison studies (including one replicated study) in the UK® and Switzerland®
found that set-aside fields had a similar abundance of butterfly and moth adults® and
caterpillars®8 to uncultivated field boundaries® and extensively farmed landS. One
replicated, site comparison study in the USA® found that set-aside fields had a similar
abundance of butterflies to native prairies in their first year, but a lower abundance of
butterflies thereafter.

BEHAVIOUR (0 STUDIES)
Background

Within the farmed landscape, fields are sometimes temporarily left uncultivated
(or “set-aside”) for one or more years to allow the soil to recover, when the land
isnotrequired for production. Set-aside land may be left with the standing stubble
of the previous crop, ploughed in and left fallow to allow natural regeneration, or
sown with non-crop species such as lacy phacelia Phacelia tanacetifolia to
encourage insect pollinators, including butterflies and moths (Steffan-Dewenter &
Tscharntke 1997).
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For studies of long-term or permanent set-aside, see “Restore arable land to
permanent grassland”.

Steffan-Dewenter I. & Tscharntke T. (1997) Early succession of butterfly and plant communities
on set-aside fields. Oecologia, 109, 294-302.

A replicated, site comparison study in 1990-1991 on five arable farms in
Hampshire and Wiltshire, UK (1) found that the abundance of caterpillars was
similar on fallow set-aside and wheat fields. The number of caterpillars of
butterflies, moths and sawflies (Lepidoptera and Symphyta combined) was not
significantly different on set-aside (0.4 individuals/sample) and wheat fields (0.7
individuals/sample). A total of 44 fields on five farms 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, fifteen fields at two of the farms were re-sampled to evaluate
second-year fallow set-aside. Caterpillars 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 1992 in agricultural land in Baden-
Wiirttemberg, Germany (2) found that naturally regenerated set-aside had a
higher species richness of butterflies than either set-aside sown with lacy phacelia
Phacelia tanacetifolia or cereal crops, and that butterfly species composition
changed with set-aside age. Butterfly species richness was higher in naturally
regenerated set-aside (11-13 species) than in sown set-aside (7 species) or cereal
crops (4 species), but lower than in old meadows (20 species). Species richness
did not differ with set-aside age (11-13 species), but species composition did.
Butterfly species found in older set-aside tended to be less migratory, spend
longer as caterpillars (1-year-old: 61 days; 4-years-old: 105 days), and have fewer
generations/year (1l-year-old: 2.5 generations/year; 4-years-old: 1.9
generations/year). In 1992, four fields in each of seven management types were
studied: former cereal fields left to naturally develop as set-aside for each of 1, 2,
3 and 4 years, 1-year-old set-aside sown with lacy phacelia, old meadows (>30
years old), and cereal fields (rye Secale cereale or wheat Triticum aestivum). Set-
aside fields and old meadows were mown once/year in July. From May-October
1992, butterflies were counted along transects nine times/field.

Areplicated, paired, site comparison study on 30 arable farms in southern and
eastern England, UK (3) found that stubble set-aside fields had a similar
abundance of caterpillars to wheat fields. The number of caterpillars of butterflies,
moths and sawflies (Lepidoptera and Tenthredinidae combined; 0.2-0.5
individuals/sample) did not differ between set-aside and wheat fields.
Additionally, cutting set-aside (to 10-15 cm) tended to decrease invertebrate
numbers (including Lepidoptera) compared to topping it (to 25 cm) or leaving it
uncut (data not presented). Set-aside fields were naturally regenerated after
harvest. Wheat fields received pesticides. Invertebrates were sampled using a D-
Vac suction sampler in 51 set-aside fields and 51 adjacent wheat fields on 30 farms
in June-July (year not given).

A replicated, site comparison study in 2002 in 12 fields in County Laois and
County Kildare, Ireland (4) found that set-aside did not support a higher
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abundance or species richness of butterflies than arable crop or pasture fields. The
abundance of butterflies was similar in set-aside fields (16.3 individuals), arable
crop (15.5 individuals) and pasture (14.5 individuals). The species richness of
butterflies was also similar in set-aside (6 species), arable crop (4 species) and
pasture (6 species) fields. See thesis for abundance of individual species. Four
fields of each of three farmland habitats, set-aside, arable crop and cattle-grazed
pasture, were studied. Set-aside fields were non-rotational, and had been out of
production for at least three years. Set-aside and arable crop fields were paired
close to each other on the same farms. From April-September 2002, butterflies
were surveyed seven times along one 250-m transect in each field.

Areplicated, site comparison study of 31 rotational set-aside fields in England,
UK (5) found that caterpillar abundance was similar in set-aside fields and
uncultivated field boundaries. The number of butterfly and moth caterpillars was
similar in set-aside fields and uncultivated field boundaries (data not presented).
Caterpillars were sampled in the uncultivated field boundary (0 m) and at 3 m and
50 m in to each of 31 rotational set-aside fields in mid-May (year not given).

A site comparison study in 1999-2000 in two agricultural regions in Geneva
and Valais, Switzerland (6) found that sites within an intensively cultivated region
with set-aside areas had a similar abundance and biomass of butterflies and moths
to a traditional, extensively cultivated region. The abundance and biomass of adult
butterflies and moths (abundance: 5.2 individuals/site; biomass: 6.9 mg/site) and
caterpillars (abundance: 2.4-2.8 individuals/site; biomass: 23.1-28.3 mg/site) in
set-aside strips in an intensively farmed landscape was not significantly different
from sites in an extensively farmed landscape (adults: 1.5 individuals/site, 3.9
mg/site; caterpillars: 1.5-2.3 individuals/site, 3.9-57.6 mg/site). From 1991-
1998, a total of 83 set-aside strips (10-m wide, totalling 19 ha) were established
across one 500-ha agricultural region. A second, 360-ha region was extensively
cultivated. Between March and September 1999 and 2000, grass-dwelling
arthropods (including butterflies, moths and caterpillars) were surveyed by hand-
netting along 30-m transects at each of five locations within set-aside strips in an
intensive arable region, and six locations along irrigation canals and ditches in an
extensively farmed region. Ground-dwelling arthropods (including caterpillars)
were sampled for seven days using 15 pitfall traps next to each transect.

A replicated, site comparison study in 2008 in a mixed farming region in
Hungary (7) found that sown set-aside fields had a higher abundance and species
richness of butterflies than cereal fields, and this did not change with set-aside age.
In set-aside fields both the abundance (28-33 individuals/field) and species
richness (7-9 species/field) of butterflies were higher than in winter wheat fields
(abundance: 4 individuals/field; richness: 2 species/field). There was no
difference between 1-, 2- and 3-year-old set-aside fields (see paper for details).
See paper for details of individual species. Seventeen set-aside fields were sown
with one legume and two grass species in autumn 2005-2007, had no chemicals
applied, and were mown once/year in June. Sixteen winter wheat fields were
fertilized (70 kg/ha/year nitrogen), sprayed once/year in spring with herbicide
and insecticide, and harvested in June. From May-August 2008, butterflies were
surveyed on fixed transects four times in each field. Each field was surveyed for
10, 20 or 30 minutes, depending on field size.
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A replicated, randomized, controlled study in 2003-2004 in an arable field in
Jokioinen, Finland (8) found that second-year set-aside plots sown with less
competitive grasses had a higher abundance and species richness of butterflies
and day-flying moths than first-year set-aside or second-year set-aside sown with
competitive grasses. On set-aside plots sown the previous year with less
competitive grasses, both the abundance (30 individuals/1,000 m) and species
richness (4.2 species/plot) of butterflies and day-flying moths were higher than in
plots sown with competitive grasses (5 individuals/1,000 m; 0.7 species/plot) or
plots sown that spring with competitive (2 individuals/1,000 m; 0.5 species/plot)
or less competitive grasses (3 individuals/1,000 m; 0.7 species/plot). However,
there was no significant difference from plots where competitive (9
individuals/1,000 m; 2.0 species/plot) or less competitive (21 individuals/1,000
m; 2.9 species/plot) grasses had been sown under the crop in the previous year,
or from stubble fields (17 individuals /1,000 m; 4.2 species/plot). No butterflies or
moths were recorded in cereal plots. In 2003, a 16.5-ha field was divided into four
blocks, each containing eight 0.3-ha plots. Plots were assigned to eight treatments:
grass mix sown in 2003 and left to develop in 2004, spring barley sown in 2003
followed by grass mix sown in 2004, spring barley sown in 2003 with undersown
grass mix which developed in 2004, spring barley sown in 2003 and left as stubble
in 2004, and spring barley sown in both years. Two grass mixes, containing more
and less competitive species, were used. In June-July 2004, butterflies and day-
flying moths were recorded four times, two weeks apart, on one 250-m zig-zag
transect through each plot.

Areplicated, site comparison study in 2009-2014 in eight farm set-asides and
two native prairies in Wisconsin, USA (9) found that set-aside fields sown with
grasses and non-woody broadleaved plants (forbs) had a similar number of
butterflies to native prairies in the first year, but lower numbers after 2-5 years.
For the first year after establishment, set-aside areas had a similar number of
butterflies (8-52 butterflies/200 m) to native prairie (5-42 butterflies/200 m).
However, 2-5 years after establishment, the number of butterflies on set-aside (5-
20 butterflies/200 m) was lower than in native prairie (22-68 butterflies/200 m).
The total number of species recorded on set-aside (31 species, of which six were
not seen on prairies) was similar to prairie sites (35 species, of which 10 were not
seen on set-aside). In spring 2009, fields (average 6.8 ha) on eight farms enrolled
in a set-aside program were pre-treated with glyphosate and seeded with a mix of
six grasses and 11 forbs using a no-till seed drill. They were compared with two
native dry sand prairies in a powerline right-of-way, managed to suppress woody
vegetation. From May-August 2009-2012, butterflies were surveyed 2-4
times/year on one 200-m transect/farm. In 2013-2014, just four farms and the
two native prairies were surveyed twice/year.

(1) Moreby S.J. & Aebischer N.J. (1992) Invertebrate abundance on cereal fields and set-
aside land - implications for wild gamebird chicks. British Crop Protection Council
Monographs, 50, 181-186.

(2) Steffan-Dewenter . & Tscharntke T. (1997) Early succession of butterfly and plant
communities on set-aside fields. Oecologia, 109, 294-302.

(3) Moreby S.]J. & Southway S. (2000) Management of stubble-set-aside for invertebrates
important in the diet of breeding farmland birds. Aspects of Applied Biology, 62, 39-46.

(4) Bracken F. (2004) The diversity of birds and butterflies in Irish lowland landscapes with
special reference to the effects of set-aside management on birds in the breeding season.



97

PhD thesis. University College Dublin. Chapter 4: The diversity of butterflies in different
habitat types, pp 147-194.

(5) Moreby S.J. (2007) Invertebrate distributions between permanent field boundary

habitats and temporary stubble set-aside. Aspects of Applied Biology, 81, 207-212.

(6) RevazE., Schaub M. & Arlettaz R. (2008) Foraging ecology and reproductive biology of

the Stonechat Saxicola torquata: comparison between a revitalized, intensively
cultivated and a historical, traditionally cultivated agro-ecosystem. Journal of
Ornithology, 149, 301-312.

(7) Kovacs-Hostyanszki A., Kérosi A., Orci KM., Batary P. & Baldi A. (2011) Set-aside

promotes insect and plant diversity in a Central European country. Agriculture,
Ecosystems & Environment, 141, 296-301.

(8) Kuussaari M., Hyvonen T. & Harma O. (2011) Pollinator insects benefit from rotational

fallows. Agriculture, Ecosystems & Environment, 143, 28-36.

(9) Kleintjes Neff P., Locke C. & Lee-Mader E. (2017) Assessing a farmland set-aside

conservation program for an endangered butterfly: USDA State Acres for Wildlife
Enhancement (SAFE) for the Karner blue butterfly. Journal of Insect Conservation, 21,
929-941.

3.10. Create uncultivated margins around intensive arable

or pasture fields

Ten studies evaluated the effects on butterflies and moths of creating uncultivated
margins around intensive arable or pasture fields. Six studies were in the UK27, two
were in Sweden'$, and one was in each of Finland® and Germany10.

COMMUNITY RESPONSE (9 STUDIES)

e Richness/diversity (9 studies): Two of five studies (including four replicated, one

randomized, one paired, two controlled and two site comparison studies) in Sweden',
the UK#%6 and Finland®, found that uncultivated margins had a lower species richness#
or diversitys of butterflies than margins sown with grasses and non-woody broadleaved
plants (forbs)* or wildflowers®. One other study found that the species richness of
butterflies and day-flying moths was higher in permanent uncultivated margins than in
sown fallow plots®, and the other two found that the species richness of butterflies’¢ and
moths' was similar in uncultivated and sown margins. Three replicated studies (including
one randomized, controlled study and two site comparison studies) in the UK*5 and
Germany0 found that uncultivated margins which were not grazed> or cut45.10, or were
only cut in spring or autumn#, had a higher species richness of butterflies than margins
which were cut in summer. Two site comparison studies (including one replicated study)
in the UK3 and Germany'? found that the species richness of butterflies was higher in
longer'0 or wider310 uncultivated margins than in shorter'0, narrower'? or conventional
width3 margins. One of two replicated studies (including one controlled study and one
site comparison study) in the UK7 and Finland® found that uncultivated margins had a
higher species richness of butterflies and day-flying moths than cereal fields®, but the
other found that the species richness of butterflies was similar between regenerating
margins and cropped field edges’. One replicated, paired, site comparison study in
Sweden8 found that uncultivated margins had a higher species richness of butterflies
and burnet moths if they were located closer to existing grassland.

POPULATION RESPONSE (9 STUDIES)
e Abundance (9 studies): Six of seven studies (including six replicated, two randomized,

four controlled and three site comparison studies) in Sweden', the UK24-7 and Finland®
found that the abundance of butterflies'457 and moths', and of adult but not caterpillar
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meadow brown?, was lower in uncultivated margins'.247 than in margins sown with
grasses’, or grasses and non-woody broadleaved plants (forbs)'-24 or wildflowers?®, or a
mixture of grasses and wildflowers®. However, one of these studies found that
uncultivated margins had similar abundance of butterflies to margins sown with grasses
or cereal cropS. The other study found that the abundance of butterflies and day-flying
moths was higher in permanent uncultivated margins than in sown fallow plots®. Two of
three replicated, site comparison studies (including two randomized studies) in the
UK245 found that uncultivated margins which were not cut, or were only cut in spring and
autumn, had a higher abundance of butterflies4, and adult but not caterpillar meadow
brownz, than margins cut in summer. The other study found that margins which were not
cut and grazed had a similar abundance of butterflies to margins which were cut and
grazed>. Two replicated studies (including one controlled study and one site comparison
study) in the UK” and Finland® found that uncultivated margins had a higher abundance
of butterflies”® and day-flying moths® than cereal fields® or cropped field edges’. One
site comparison study in the UK3 found that the abundance of butterflies in wide
uncultivated margins was higher than in conventional margins. One replicated, paired,
site comparison study in Sweden® found that uncultivated margins had a higher
abundance of butterflies and burnet moths if they were located closer to existing
grassland.

BEHAVIOUR (0 STUDIES)
Background

Uncultivated margins around intensive arable or pasture fields may provide
refuges for butterflies and moths, where a more diverse plant community can
develop to provide shelter and food resources. They may also provide habitat
which allows butterflies and moths to move through the farm landscape.

A site comparison study in 1989 on an arable farm in central Sweden (1)
reported that uncultivated margins had a lower abundance but similar species
richness of butterflies and moths to sown margins. Results were not tested for
statistical significance. Over two months, fewer butterflies and moths were
recorded in two uncultivated field margins (38-44 individuals) than in two sown
margins (58-75 individuals), but the number of species was similar (uncultivated:
7 species; sown: 6 species). Fewer butterflies (24 individuals) of more species (8
species) were recorded in a species-rich pasture. Four existing field margins and
a species-rich pasture were compared. Two margins were uncultivated (one with
diverse weeds, the other with diverse herbs and grasses on a ditch bank) and two
were sown (one with a mixture of legumes dominated by white melilot Melilota
alba, the other with clover and ley grasses dominated by red clover Trifolium
pratense). From 19 June-22 August 1989, butterflies and moths were recorded in
the morning and evening at each site, three times/week.

A replicated, randomized, controlled study in 1987-1991 in Oxfordshire, UK
(2, same experimental set-up as 3, 4) found that unsown field margins had fewer
adult meadow brown Maniola jurtina than margins sown with wild grasses and
non-woody broadleaved plants (forbs), and that margin management affected
butterfly numbers. Fewer adult meadow browns were found on unsown, naturally
regenerating margins (4-15 butterflies/50 m) than on sown margins (4-52
butterflies/50 m). However, unsown margins had more butterflies if they were
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left uncut (4-13 butterflies/50 m), or were cut in spring and autumn (7-15
butterflies/50 m), than if they were cut in summer (4-10 butterflies/50 m). There
was no difference in the abundance of meadow brown caterpillars between
unsown and sown, or uncut and cut, plots (3 caterpillars/plot). There were more
meadow browns on all the experimental field margins than on narrow,
unmanaged field boundaries of a neighbouring farm (numbers not given). In
October 1987, two-metre-wide field margins around arable fields were rotovated,
and either left to regenerate naturally or sown with a wildflower seed mix in
March 1988. Within each unsown and sown margin, 50-m-long plots were
managed in one of four ways, with eight replicates of each treatment: uncut; cut
once in June; cut April and June; cut in April and September. Hay was collected
after cutting. From June-September 1989, and April-September 1990-1991,
meadow brown adults were monitored weekly. In spring 1991, meadow brown
caterpillars were sampled by sweep netting and visual searching.

A site comparison study in 1988-1991 on two arable farms in Oxfordshire, UK
(3, same experimental set-up as 2, 4) reported that a farm where wider field
margins had been established and fertilizer application excluded had a higher
abundance and species richness of butterflies than a farm with conventional field
margins. Results not tested for statistical significance. The abundance of eight
species (including small skipper Thymelicus sylvestris, small heath Coenonympha
pamphilus, gatekeeper Pyronia tithonus and meadow brown Maniola jurtina) was
higher on a farm with wider (2-m) field margins than on a farm with conventional
(0.5-m) margins. No species was more abundant on the conventional farm. In
addition, two species (marbled white Melanargia galathea and common blue
Polyommatus icarus) were only recorded on the farm with wide margins, resulting
in a higher species richness (16 species) than the conventional farm (14 species).
In 1988, the margins of 10 fields on one farm were extended from 0.5-m to 2-m
wide, and fertilizer application was excluded. Margins were either left to
regenerate naturally, or sown with grasses and non-woody broadleaved plants
(forbs). Margins were either left uncut, or cut in some combination of April, June
and September 1989-1991. In summer 1991, butterflies were surveyed for two
months on transects on this farm and on a second, intensively managed farm with
conventional field margins (number not given).

A replicated, randomized, controlled study in 1987-1991 in Oxfordshire, UK
(4, same experimental set-up as 2, 3) found that butterfly abundance and species
richness were lower in unsown field margins than in margins sown with wild
grasses and non-woody broadleaved plants (forbs), and that margin management
affected butterfly numbers. From two years after establishment, both individual
abundance (14-39 individuals/50 m) and species richness (6-9 species/50 m) of
butterflies were lower in unsown, naturally regenerating margins than in sown
margins (abundance: 21-91 individuals/50 m; richness: 7-10 species/50 m).
However, in all three years, unsown margins had more butterflies if they were left
uncut (abundance: 28-40 individuals/50 m; richness: 8-9 species/50 m), or were
cut in spring and autumn (abundance: 29-44 individuals/50 m; richness: 8-9
species/50 m), than if they were cut in summer (abundance: 14-27 individuals/50
m; richness: 6-8 species/50 m). In autumn 1987, two-metre-wide field margins
around arable fields were rotovated. In April 1988, they were either left to
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naturally regenerate or sown with a wildflower seed mix. Within each unsown and
sown margin, 50-m-long plots were managed in one of four ways, with eight
replicates of each treatment: uncut; cut once in June; cut April and June; cut in
April and September. Hay was collected after cutting. Butterflies were monitored
weekly from June-September 1989 and from April-September 1990 and 1991.

A replicated, site comparison study in 1994-1996 on an arable farm in
Gloucestershire, UK (5) found that the abundance and diversity of butterflies was
lower in unsown naturally regenerated field margins than in margins sown with
wildflowers, and that margin management affected butterfly diversity. Unsown,
naturally regenerated margins had a lower abundance (5-10 individuals) and
diversity (3-6 species) of butterflies than sown wildflower margins (abundance:
15-16 individuals; diversity: 6-7 species). Cutting and subsequent grazing of
naturally regenerated margins decreased butterfly diversity (3 species) but not
abundance (5 individuals) compared to margins which were not cut or grazed
(diversity: 6 species; abundance: 10 individuals). In 1994, two-metre margins
were established around two organically managed arable fields by either natural
regeneration or by sowing a seed mix containing five grasses and six wildflowers.
In 1996, half of the margins were cut in June and grazed in July. The rest was left
unmanaged. From May-September 1996, butterflies were monitored weekly
along transects.

A replicated, controlled study in 1999-2000 in four arable sites in North
Yorkshire, UK (6) found that butterfly abundance was lower along uncultivated
margins than along margins sown with a grass and wildflower seed mix or a
combination of tussocky grass seed and grass and wildflower mix, but abundance
was similar between uncultivated margins and those sown with tussocky grass
seed alone or cereal crop, and species richness did not differ between treatments.
There were fewer butterflies along margins which were left to regenerate without
sowing (average: 14 individuals), margins sown with tussocky grass seed
(average: 21) and margins sown with cereal crop (average: 9) than those sown
with a grass and wildflower seed mix (average: 44) or a combination of tussocky
grass seed and grass and wildflower seed mix (average: 33). There was no
difference in species richness between any of the treatments see paper for details).
Four 6 m wide margins of winter cereal fields (all adjacent to hedges) on two farms
were splitinto 72 m long plots and sown in September 1999 with either a tussocky
grass mix, a grass and wildflower mix, half the width tussocky grass and half grass
and wildflower mix, cereal crop or left to regenerate naturally with no sowing.
Butterflies were surveyed weekly from May-September 2000 using walking
transects (21 surveys/field in total).

A replicated, controlled study in 1996-2000 at two arable farms in Essex, UK
(7) found that butterfly abundance, but not species richness, was higher in grass
margins than in cropped field edges. More butterflies were recorded in sown or
naturally regenerated grass margins (46 individuals/km) than in cropped field
edges (21 individuals/km), but the species richness was similar (grass margin: 8;
cropped edges: 9 species). Of the ‘key’ grassland butterfly species, only meadow
brown Maniola jurtina was more abundant in grass margins (19 individuals/km)
than in cropped field edges (9 individuals/km). However, fewer butterflies (32-
38 individuals/km), including meadow brown (4-5 individuals/km), were found
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in naturally regenerated margins than in sown margins (all butterflies: 41-125
individuals/km; meadow brown: 27-57 individuals/km). In 1996, eight 6-m-wide
margins were established on two farms. Five were sown with grass seed mixtures
(6 or 9 species) and three were left to natural regeneration. One arable field edge
without margins on each farm was used as a control. Butterfly abundance was
monitored weekly from late June to early August 1997-2000. All butterflies were
recorded, but special note was taken of ‘key’ grassland species: meadow brown,
gatekeeper Pyronia tithonus, small skipper Thymelicus sylvestris, Essex skipper
Thymelicus lineola, and large skipper Ochlodes venata.

A replicated, paired, site comparison study in 2004 in 12 agricultural areas in
southern Sweden (8) found that uncultivated margins placed close to semi-natural
grassland fragments had a higher abundance and species richness of grassland-
dependent butterflies and burnet moths (Zygaenidae) than margins situated
further from grassland. There was a higher abundance and species richness of
butterflies and burnet moths in uncultivated margins which were next to semi-
natural grasslands (abundance: 0.1-1.6 individuals/100 m?; richness: 0.1-1.7
species/100 m) than in margins which were >1 km from the nearest grassland
(abundance: 0.0-0.9 individuals/100 m?; richness: 0.1-0.9 species/100 m).
Butterfly abundance in margins close to grassland was similar to the grassland
(0.5-1.2 individuals/100 m?), but species richness in the margins was lower than
the grassland (0.9-2.0 species/100 m). In each of 12 areas, two uncultivated strips
of perennial grassland bordering cultivated fields were surveyed. One strip was
situated within 100 m of an area of grazed, semi-natural grassland (5-12 ha), and
the other was >1 km from the nearest grassland >0.5 ha. From late May-early
August 2004, grassland-dependent butterflies and burnet moths were surveyed
six times on one 300-m transect/margin, and on a transect through each semi-
natural grassland (150 m/ha).

A replicated, site comparison study in 2003-2004 in an arable field in
Jokioinen, Finland (9) reported that permanent, uncultivated field margins had a
higher abundance and species richness of butterflies and day-flying moths than
sown fallow plots or spring cereals. Results were not tested for statistical
significance. In permanent, uncultivated margins the abundance (120
individuals/1,000 m) and species richness (9.4 species/plot) of butterflies and
day-flying moths were higher than in temporary, in-field, sown fallow plots that
were one-year-old (abundance: 2-3 individuals/1,000 m; richness: 0.5-0.7
species/plot) or two-years-old (abundance: 5-30 individuals/1,000 m; richness:
0.7-4.2 species/plot), or left as stubble (abundance: 17 individuals/1,000 m;
richness: 4.2 species/plot). No butterflies or moths were recorded in spring cereal
fields. Six species showed a significant preference for permanent margins over
temporary fallow plots (Essex skipper Thymelicus lineola, ringlet Aphantopus
hyperantus, Lewes wave Scopula immorata, shaded broad-bar Scotopteryx
chenopodiata, silver-ground carpet Xanthorhoe montanata, black-veined moth
Siona lineata). In 2003, ten permanently uncultivated, 250-m long, 2.5-m wide
field margins next to a 16.5-ha field were selected. The field was divided into four
blocks, each containing eight 0.3-ha plots. Six plots/block were sown with grasses
in either 2003 or 2004 and left fallow (see paper for details), one plot/block was
sown with spring barley in 2003 and left as stubble in 2004, and one plot/block



102

was sown with spring barley in both years. In June-July 2004, butterflies and day-
flying moths were recorded four times, two weeks apart, on one 250-m transect
through each margin or plot.

Areplicated, site comparison study in 2015 on seven arable farms in Germany
(10) found that wider, longer, uncultivated permanent margins which were not
mown in the summer had more butterfly species than narrower, shorter or
summer-mown margins. All data were presented as model results. There were
more butterfly species on longer or wider margins than on shorter or narrower
margins. Margins which were completely mown in June or July had fewer butterfly
species than margins which were only partially mown in June or July, or were
mown at another time of year or not mown at all. On each of seven farms (58-700
ha), 10 permanent, unsprayed and uncropped arable field margins (=50 m long
and 21 m wide) were sampled. Margins were managed by either complete
mowing in June or July, partial mowing in June or July, or mowing at other times
of year (including unmown margins). From June-August 2015, butterflies were
surveyed six times along a 50-250 m transect in each margin.

(1) Lagerlof]., Stark J. & Svensson B. (1992) Margins of agricultural fields as habitats for
pollinating insects. Agriculture Ecosystems & Environment, 40, 117-124.

(2) Feber R.E. Smith H. & Macdonald D.W. (1994) The effects of field margin restoration on
the meadow brown butterfly (Maniola jurtina). British Crop Protection Council
Monographs, 58, 295-300.

(3) Feber R.E. & Smith H. (1995) Butterfly conservation on arable farmland. pp 84-97 in:
Pullin A.S. (ed) Ecology and Conservation of Butterflies. Springer, Dordrecht.

(4) Feber R.E., Smith H. & Macdonald D.W. (1996) The effects on butterfly abundance of the
management of uncropped edges of arable fields. Journal of Applied Ecology, 33,1191~
1205.

(5) Feber R.E. & Hopkins A. (1997) Diversity of plant and butterfly species on organic
farmland field margins in relation to management. British Grassland Society Fifth
Research Conference, University of Plymouth, Devon, UK, 8-10 September 1997, 63-64.

(6) Meek B., Loxton D., Sparks T., Pywell R., Pickett H. & Nowakowski M. (2002) The effect of
arable field margin composition on invertebrate biodiversity. Biological Conservation,
106(2), 259-271.

(7) Field R.G., Gardiner T., Mason C.F. & Hill J. (2005) Agri-environment schemes and
butterflies: the utilisation of 6 m grass margins. Biodiversity and Conservation, 14, 1969-
1976.

(8) Ockinger E. & Smith H.G. (2007) Semi-natural grasslands as population sources for
pollinating insects in agricultural landscapes. Journal of Applied Ecology, 44, 50-59.

(9) Kuussaari M., Hyvonen T. & Harma 0. (2011) Pollinator insects benefit from rotational
fallows. Agriculture, Ecosystems & Environment, 143, 28-36.

(10) Sybertz J., Matthies S., Schaarschmidt F., Reich M. & von Haaren C. (2017) Assessing the
value of field margins for butterflies and plants: how to document and enhance
biodiversity at the farm scale. Agriculture, Ecosystems & Environment, 249, 165-176.

3.11. Plant grass buffer strips/margins around arable or
pasture fields

e Twenty-six studies evaluated the effects on butterflies and moths of planting grass
margins around arable or pasture fields. Seventeen were in the UK3-6.8.10-14.17-2225 two
were in each of Sweden'.16, the Netherlands2'5 and the USA”:24, and one was in each
of China?®, France?3 and ltaly2s.



103

COMMUNITY RESPONSE (15 STUDIES)

Richness/diversity (15 studies): One of two replicated, controlled studies in the UK68
found that 2-m grass margins had a greater species richness of butterflies than cropped
field edges, but 6-m grass margins did noté. The other study found that the species
richness of butterflies was similar in grass margins and cropped field edges®. Five
replicated, site comparison studies (including one paired study) in the USA7, the
UK14.2022 and Italy? found that wider grass margins (up to 6 m wide) had a greater
species richness?-20.2226 or diversity'4 of butterflies?26, macro-moths'422 and micro-
moths20 than narrower or conventional width margins, although one of these studies
found that the species richness of macro-moths was similar in wide and conventional
grass margins?. Three of five replicated studies (including three randomized, controlled
studies, one controlled study, and one site comparison study) in the UK#121921 and
Sweden'® found that floristically enhanced grass buffers'219 or wildflower strips'6 had a
greater species richness of butterflies than standard grass margins. The other two
studies found that farms with floristically enhanced margins (along with other enhanced
agri-environment scheme (AES) options) had a similar species richness of butterflies*2!
and moths?! to farms with standard grass margins (along with basic AES options) and
farms with no grass margins or other AES options. One site comparison study in
Sweden' found that grass margins sown with legumes or a clover and grass ley had a
higher species richness of butterflies and moths than uncultivated margins, but less than
a species-rich pasture. One replicated study in the Netherlands'® found that the species
richness of butterflies increased over time after the establishment of grass margins. One
replicated, randomized, controlled, before-and-after study in the USA?* found that
disking or burning grass margins did not affect the species richness of butterflies.

POPULATION RESPONSE (22 STUDIES)

Abundance (21 studies): Three of four replicated, controlled studies in the UK56.10.11
found that grass margins had a higher abundance of butterflies than cropped field
edges8.1011, The other study found that the abundance of gatekeepers on grass margins
increased over four years after they were sown, but was only higher than cropped field
edges at one of three farms after 2—4 years. Three of seven replicated, site comparison
studies (including two paired studies) in the USA7 and the UK13.14.17.18.20.22 found that
wider grass margins (up to 6 m wide) had a higher abundance of habitat-sensitive
butterflies’, macro-moths® and micro-moths2® than narrower or conventional width
margins. Two of these studies, and the other four studies, found that the abundance of
disturbance-tolerant butterflies?, macro-moths generally'417.20.22 and pale shining brown
moths specifically'®, was similar in wide and conventional grass margins. Four replicated
studies (including two randomized, controlled studies, one controlled study, and one site
comparison study) in the UK#12.19 and Sweden'é found that floristically enhanced grass
buffers#1219 or wildflower strips416 had a higher abundance of butterflies than standard
grass margins'216.19 uncultivated margins* or margins sown with cereal crop4. Two
replicated, randomized, controlled studies in the UK2'25 found that farms with floristically
enhanced margins (along with other enhanced agri-environment scheme (AES) options)
had a higher abundance of some butterflies2!25 and micro-moths?!, a similar abundance
of macro-moths?, but a lower abundance of other butterflies25, than farms with standard
grass margins (along with basic AES options)?2'.25 and farms with no grass margins or
other AES options?!. One site comparison study in Sweden' found that grass margins
sown with legumes or a clover and grass ley had a higher abundance of butterflies and
moths than uncultivated margins or a species-rich pasture. Two replicated, before-and-
after studies (including one randomized, controlled study) in the Netherlands2 and the
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USA2 found that mowing?, disking?* or burning? grass margins did not affect the
abundance of butterflies224 and moths? generally, or diamondback moths specifically?,
but that disking increased the abundance of disturbance-tolerant butterflies?*. One
replicated, paired, site comparison study in the UK3 found that field margins had a similar
abundance of butterfly and moth caterpillars to beetle banks established in the middle of
fields.

e Survival (1 study): One site comparison study in China® found that the survival of marsh
fritillary caterpillars in grass margins around lightly cultivated fields was lower, but
survival of egg clusters similar, to in uncultivated, grazed meadows.

BEHAVIOUR (2 STUDIES)

e Use (2 studies): One replicated, site comparison study in China® found that grass
margins around lightly cultivated fields were more likely to be occupied by marsh fritillary
eggs and caterpillars than uncultivated, grazed meadows. One replicated, paired, site
comparison study in France2? found that meadow brown butterflies used grass margins
in a similar way to meadows.

Background

Grass margins, or buffer strips, can be created around the edges of fields to reduce
nutrient and chemical run-off into adjacent habitat, and provide corridors of
habitat for farmland wildlife. In Europe, this is often implemented as an option
within agri-environment schemes. While basic agri-environment schemes often
allow simple grass margins, enhanced schemes often provide an option for sowing
wildflowers alongside the grass to provide “floristic enhancement”. This action
includes tests of both simple and enhanced grass margins, as well as comparisons
between them, and comparisons between other implementation options, such as
changing the width of created margins.

A site comparison study in 1989 on an arable farm in central Sweden (1)
reported that sown grass margins had a higher abundance but similar species
richness of butterflies and moths to uncultivated margins. Results were not tested
for statistical significance. Over two months, more butterflies and moths were
recorded in two sown grass margins (58-75 individuals) than in two uncultivated
margins (38-44 individuals), but the number of species was similar (sown: 6
species; uncultivated: 7 species). Fewer butterflies (24 individuals) of more
species (8 species) were recorded in a species-rich pasture. Four existing field
margins and a species-rich pasture were compared. Two margins were sown (one
with a mixture of legumes dominated by white melilot Melilota alba, the other with
clover and ley grasses dominated by red clover Trifolium pratense) and two were
uncultivated (one with diverse weeds, the other with diverse herbs and grasses
on a ditch bank). From 19 June-22 August 1989, butterflies and moths were
recorded in the morning and evening at each site, three times/week.

A replicated, controlled, before-and-after study in 1996 in arable farmland in
the Netherlands (2) found that mowing planted grass margins did not affect the
abundance of moths and butterflies. After mowing, the abundance of moths and
butterflies generally, and diamondback moth Plutella xylostella specifically, was
similar to before mowing. Ten grass margins (3 x 900 m) on five farms were sown
with grasses, including giant fescue Festuca gigantea, timothy Phleum pratense
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and cocksfoot Dactylis glomerata. Grassy margins were mown on approximately
half of the farms at the beginning of July 1996. Moths and butterflies were sampled
using two pyramid traps/margin, installed for a three-week period five times
during the 1996 growing season.

A replicated, paired, site comparison study in 1999 on five farms in the UK (3)
found that grass field margins had a similar abundance of butterfly and moth
caterpillars to beetle banks established in the centre of fields. The abundance of
butterfly and moth caterpillars did not differ significantly between field margins
(0.5 individuals/sweep) and beetle banks (0.4 individuals/sweep). In summer
1999, butterfly and moth caterpillars were sampled by sweep-netting on 22
permanently established grass field margins and 22 beetle banks of different ages
across five farms.

A replicated, controlled study in 1999-2000 in four arable sites in North
Yorkshire, UK (4) found that along margins sown with a combination of tussocky
grass seed and grass and wildflower mix or a grass and wildflower mix alone there
was higher butterfly abundance than along those that naturally regenerated or
were sown with cereal crop, but there was no difference in butterfly abundance
between margins sown with tussocky grass seed and those that were left to
regenerate naturally or those sown with cereal crop, and there was no difference
in butterfly species richness between any of the treatments. There was no
difference in butterfly abundance along margins sown with tussocky grass
(average: 21 individuals) and those that regenerated naturally (average: 14).
However, more butterflies were seen along margins where half their width was
sown with tussocky grass and half sown with a wildflower and grass seed mix
(average: 33), or their whole width was sown with wildflower and grass seed mix
(average: 44), than on margins that regenerated naturally (average: 14) or were
sown with cereal crop (average: 9). There was no difference in species richness
between any of the treatments (see paper for details). Four 6 m wide 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 tussocky grass mix, a grass and
wildflower mix, half the width tussocky grass and half grass and wildflower mix,
cereal crop or left to regenerate naturally with no sowing. Butterflies were
surveyed weekly from May-September 2000 using walking transects (21
surveys/field in total).

A replicated, controlled study in 1996-2000 on three arable farms in Essex,
UK (5, same experimental set-up as 6, 8, 10, 11) found that the number of
gatekeepers Pyronia tithonus on sown grass margins increased over four years,
and was higher than on cropped field edges at one of three farms after 2-4 years.
Gatekeeper abundance on 2-m-wide grass margins increased from 2.2
individuals/km to 12.9 individuals/km over four years after the margins were
sown. However, abundance was significantly higher in grass margins than in
cropped margins at only one of three farms after 2-4 years (grass margin: 9.1
individuals/km, cropped edges: 0.7 individuals/km; other farms grass margin:
6.8-11.9 individuals/km, cropped edges: 1.9-17.3 individuals/km). Thirteen
grass margins (2 m wide, 141-762 m long) were established in October 1996-
2000 by sowing one of three seed mixtures containing 4-6 grass species. Three
field edges without margins (one on each farm, 133-343 m long) were used as
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controls. Gatekeeper abundance was monitored weekly along each grass margin
and cropped edge in July and August 1997-2000.

A replicated, controlled study in 1996-2000 at two arable farms in Essex, UK
(6, same experimental set-up as 5, 8, 10, 11) found that butterfly abundance, but
not species richness, was higher in grass margins than in cropped field edges.
More butterflies were recorded in sown or naturally regenerated grass margins
(46 individuals/km) than in cropped field edges (21 individuals/km), but the
species richness was similar (grass margin: 8; cropped edges: 9 species). Of the
‘key’ grassland butterfly species, only meadow brown Maniola jurtina was more
abundant in grass margins (19 individuals/km) than in cropped field edges (9
individuals/km). More butterflies (125 individuals/km), including meadow
brown (57 individuals/km), were found in a sown grass margin established next
to a permanent set-aside field than on all other margin types (all butterflies: 32-
41 individuals/km; meadow brown: 4-27 individuals/km). In 1996, eight 6-m-
wide margins were established on two farms. Five were sown with grass seed
mixtures (6 or 9 species) and three were left to natural regeneration. One arable
field edge without margins on each farm was used as a control. Butterfly
abundance was monitored weekly from late June to early August 1997-2000. All
butterflies were recorded, but special note was taken of ‘key’ grassland species:
meadow brown, gatekeeper Pyronia tithonus, small skipper Thymelicus sylvestris,
Essex skipper Thymelicus lineola, and large skipper Ochlodes venata.

A replicated, site comparison study in 2002-2003 in 38 buffer strips in an
arable region of Minnesota, USA (7) found that wide grass buffer strips had a
higher abundance of habitat-sensitive butterflies, a similar abundance of
disturbance-tolerant butterflies, and a higher species richness and diversity of all
butterflies, than narrow buffer strips. The abundance of habitat-sensitive
butterflies, and the species richness and diversity of all butterflies, was higher in
wide buffer strips than in narrower strips, but the abundance of disturbance-
tolerant butterflies was similar in strips of different widths (data presented as
model results). See paper for individual species results. A total of 38 buffer strips
(8-148 m wide, and all >3 years old, >350 m long, >1 km apart and with <15% tree
or shrub cover) between a crop field and a water course were surveyed. None of
the strips were treated with insecticide or fertilizer, and most were infrequently
spot-mown or spot-sprayed to control weeds. In July-August 2002 and June-
August 2003, butterflies were surveyed twice/year along one 200-m
transect/buffer strip, halfway between the water course and crop field. Butterfly
species were classified as “disturbance-tolerant” (species commonly found in
human-modified landscapes) and “habitat-sensitive” (species with specific habitat
requirements often found only in natural areas).

A replicated, controlled study in 1996-2000 on three arable farms in Essex,
UK (8, same experimental set-up as 5, 6, 10, 11) found that 2-m-wide sown grass
margins, but not 6-m-wide grass margins, had higher butterfly species richness
than field edges without grass margins. Butterfly species richness was higher in 2-
m-wide grass margins (8-9 species) than in cropped field edges without margins
(5-7 species), but was not significantly different in 6-m-wide margins compared
to cropped field edges (data not presented). Species richness was also higher on
2-m grass margins sown with a more diverse seed mixture, and was higher on 2-
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m grass-sown margins next to hedgerows than on margins without hedgerows
(data not presented). In October 1996-1998, twenty-six margins were established
on three farms: 13 grass-sown that were 2-m-wide, five grass-sown that were 6-
m-wide, three naturally regenerated (6 m wide) and five cropped field edges (2
and 6 m wide). Grass-sown margins were established using seed mixtures
containing 4-9 common grass species. Butterflies were monitored weekly in
summer from 1997-2000 in suitable weather.

Areplicated, site comparison study in 2003 in 38 meadows in Hebei Province,
China (9) found that lightly cultivated meadows with grass margins and intercrop
were more likely to be occupied by marsh fritillary Euphydryas aurinia eggs and
caterpillars than uncultivated, grazed meadows, but caterpillar survival was lower
in the cultivated meadows. More meadows with some cultivation, including grass
margins, contained egg clusters (9/11 meadows) and caterpillars (11/16
meadows) than entirely uncultivated, grazed meadows (eggs: 1/12; caterpillars:
5/22 meadows). In total, 179 egg clusters were found in cultivated meadows,
compared to 70 egg clusters in grazed meadows (statistical significance not
assessed). The mortality of egg clusters was similar in cultivated meadows (10%
of 177 clusters) and grazed meadows (16% of 69 clusters), but the survival of pre-
hibernation caterpillars was lower in cultivated meadows (23/164, 14%) than in
grazed meadows (21/59, 33%). A total of 38 meadows (0.025 ha-3.200 ha) were
studied. In 2003, sixteen meadows contained some cultivation (corn or potatoes),
and were divided into cultivated habitat (grass strips within and around the crop,
no grazing from April-October) and meadow habitat (meadows and fallow land,
grazed by sheep and cattle). Another 22 meadows were entirely uncultivated and
grazed. In June 2003, eleven cultivated and 12 uncultivated meadows were
searched for egg clusters. These were marked and observed every other day until
all hatched caterpillars had disappeared or begun overwintering. In September
2003, all 38 meadows were surveyed for caterpillar nests.

A replicated, controlled study in 1996-2000 on three arable farms in Essex,
UK (10, same experimental set-up as 5, 6, 8, 11) found that planted grass margins
had higher butterfly abundance than cropped field edges without margins.
Butterfly abundance was higher in sown grass margins (67 individuals/km) than
in cropped field edges (26 individuals/km). In sown grass margins abundance was
higher for meadow brown Maniola jurtina (16 individuals/km) and golden
skipper Thymelicus spp. (14 individuals/km) compared to cropped margins
(meadow brown: 4; Thymelicus spp.: 1 individuals/km), but the abundance of
gatekeeper Pyronia tithonus was similar (grass margin: 8; cropped margin: 5
individuals/km). Over four years, the total abundance of butterflies in the grass
margins decreased (from 101 to 47 individuals/km), as did the abundance of
Thymelicus spp. (32 to 3 individuals/km) and large skipper Ochlodes venata (15 to
1 individuals/km). However, the abundance of gatekeeper increased (2 to 13
individuals/km). In October 1996, thirteen 2-m-wide grass margins were sown
(20 kg seed/ha), and were not cut after the first year. Butterfly abundance was
monitored weekly from late June to early August 1997-2000 in grass margins and
cropped field edges on each farm. All butterflies were recorded, but special note
was taken of ‘key’ grassland species: meadow brown, gatekeeper, small skipper
Thymelicus sylvestris, Essex skipper Thymelicus lineola and large skipper.
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A replicated, controlled study in 1996-2003 on three arable farms in Essex,
UK (11, same experimental set-up as 5, 6, 8, 10) found that planted grass margins
had higher butterfly abundance than cropped field edges without grass margins.
Butterfly abundance was higher in both 2-m-wide (64 individuals/km) and 6-m-
wide (54 individuals/km) sown grass margins than in cropped field edges (19-24
individuals/km). Meadow brown Maniola jurtina abundance was higher in 2-m
(15 individuals/km) and 6-m (22 individuals/km) margins than in cropped field
edges (4-5 individuals/km), but abundance was similar for gatekeeper Pyronia
tithonus (grass margin: 7-9; cropped: 5-6 individuals/km) and golden skipper
Thymelicus spp. (grass margin: 5-14; cropped: 2-13 individuals/km). In October
1996-1997, three 2-m-wide margins were sown with grass seed (4-6 species) and
left uncut after the first year, and three 6-m-wide margins were established
through natural regeneration or by sowing (6-9 species), and cut annually after
15 July. Butterfly abundance was monitored weekly in summer 1997-2000 and
2003 in the six grass margins and five cropped field edges.

A replicated, randomized, controlled study in 2002-2006 on three farms in
eastern England, UK (12) found that grass-only field margins supported fewer
butterflies than floristically-enhanced grass margins and pollen and nectar mixes.
In grass-only margins, the abundance (12 individuals/plot) and species richness
(5 species/plot) of butterflies was lower than in margins sown with either a grass
and wildflower mix or a pollinating insect mix (abundance: 18-20
individuals/plot; richness: 6 species/plot). Management of the margins did not
affect either the abundance or species richness of butterflies (data not presented).
Field margin plots (6 x 30 m) were established in 2000-2001 using one of three
seed mixes: a grass-only “Countryside Stewardship mix” (seven grass species,
sown at 20 kg/ha), a floristically-enhanced “tussock grass mix” (seven grass
species, 11 wildflowers, sown at 35 kg/ha) and a mixture of grasses and
wildflowers designed for pollinating insects (four grass species, 16-20
wildflowers, sown at 35 kg/ha). Margins were managed in spring from 2003-2005
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. No further details provided.

A replicated, paired, site comparison study in 2007 in four arable fields in
Oxfordshire, UK (13, same experimental set-up as 14, 17, 18, 22) found a higher
abundance of common farmland larger moth species in the margins and centres
of fields with 6-m-wide perennial grass margins than in fields with standard 1-m
margins, but this varied between species. Fields with 6-m-wide grass margins had
40% more moths of nine common species combined than fields with standard
margins (data presented as model results). However, only two individual species
(treble lines Charanyca trigrammica and brown-line bright-eye Mythimna
conigera) were more abundant in fields with wide margins (data presented as
model results). On the 32 nights (dusk till dawn) with suitable weather between 5
June and 14 July 2007, ten Heath pattern actinic light traps (6 W) were positioned
in two arable fields/night: one in the centre of each field, and one in each field
margin (1 m from hedgerow). All traps were >100 m apart and >50 m from
hedgerow intersections. Traps were alternated between two pairs of fields each
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night, one with 6-m-wide perennial grass margins and the other with standard 1-
m-wide margins. Moths were identified on the morning after capture.

Areplicated, site comparison study in 2006 in four arable areas in Oxfordshire,
UK (14, same experimental set-up as 13, 17, 18, 22) found that farms with wide
perennial grass margins had a higher diversity, but not abundance, of larger moths
than farms with standard narrow margins. Farms with 6-m-wide margins had a
higher species diversity of moths than farms with 1-m-wide standard margins
(data presented as model results). However, the abundance of moths was similar
between wide (22-27 individuals) and standard (22-25 individuals) margins.
Three permanent sampling sites were established >100 m apart and >50 m from
hedgerow intersections at each of 16 farms. Farms were divided between four
experimental groups: sampling in a 6-m-wide perennial grass margin adjacent to
amature (>15 m high) hedgerow tree, sampling in a standard 1-m margin adjacent
to a hedgerow tree, sampling in a 6-m margin not adjacent to a hedgerow tree, and
sampling in a 1-m margin not adjacent to a hedgerow tree. All farms were sampled
once during each of 11 discrete fortnightly periods from mid-May to mid-October
2006 using standardized moth traps.

A replicated study on six arable farms in the Netherlands (15) found that the
number of butterfly species in sown grass field margins increased in the eight
years following establishment. More than half of the transects had increased
butterfly species richness in the 1-8 years following the establishment of margins
(data presented as model results). Field margins (2-3 m wide) were sown with
grasses on six farms across the Netherlands. All margins were mown at least once
a year and cuttings removed. No nutrients, pesticides or herbicides were applied
to any of the margins. Butterflies were counted on twenty-one 50-m transects
along field margins on six farms. Transect counts were either every week from
April-September, or 2-5 times during summer, for 2-8 years after the margins
were established (exact years not given).

A replicated, site comparison study in 2007 at four arable farms in south
Sweden (16) found lower abundance and species richness of butterflies in grass
margins (greenways or ‘betrador’) than in sown wildflower strips. In grass
margins, the abundance of butterflies (0.6-1.4 individuals/100 m) was lower than
in wildflower strips (10.4 individuals/100 m). In total, 14% of the recorded
butterflies were found in grass strips compared to 86% in the wildflower strips.
Four species of butterfly were only found in the wildflower strips. Margins with
adjacent bushes had higher abundance and species richness of butterflies than
margins without bushes (data presented as model results). At three farms, 14
grass strips (total 6.8 km) were sown with a mixture of grass species in the 1990s,
2004 and 2005, and were cut several times a year. At one farm, six wildflower
strips (total 2.9 km) were sown in the mid-1990s using either a commercial mix
of wildflowers and grasses, or hay from a nearby meadow, and were cut once a
year at the end of July. Butterflies were recorded on transects five times from
June-September 2007.

Areplicated, site comparison study in 2008 in five arable fields in Oxfordshire,
UK (17, same experimental set-up as 13, 14, 18, 22) found that wide perennial
grass margins had a similar abundance of moths to narrow margins. Margins that
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were 6-m-wide had a similar abundance of moths to 1-m-wide margins (data
presented as model results). Two arable fields had 6-m-wide perennial grass
margins and three had <2-m-wide margins. Four sampling points at 1 m from the
hedgerow and >100 m apart were selected in each field (20 in total). Between dusk
and dawn on 33 nights between 9 June and 19 July 2008 moths were caught (at
10 point/night) using standardized light traps, identified on the morning after
capture, marked and released. Counts/treatment not stated. Only data from 23
species of moth, which were found at the study sites in the previous year and
whose flight period coincided with the sampling, were analysed.

A replicated, site comparison study in 2006-2008 on four arable farms in
Oxfordshire, UK (18, same experimental set-up as 13, 14, 17, 22) found that 6-m-
wide grass margins did not have more pale shining brown moths Polia bombycina
than 1-2-wide margins. The number of individuals caught in wide field margins
(0.4-1.3 individuals/trap) was not significantly different to the number caught in
standard width margins (0.3-1.0 individuals/trap). Four farms were assigned to
one of four treatments, based on their most common boundary features: 6-m-wide
perennial grass or 1-2-m-wide standard field margins, and with or without
hedgerow trees (>15 m high, mostly pedunculated oak Quercus robur). From May-
October 2006-2008, moths were sampled overnight, once/fortnight, using three
6 W Heath pattern actinic light traps/farm. In June-July 2007 and 2008, at one
farm, an additional 8-10 traps were set for 32-33 nights/year, in margins with the
same treatments across 4-5 fields (16-20 locations). All traps were 1 m from
hedgerows (2-3 m high, 1.5-2.5 m wide), 5 m from trees (if applicable), >50 m
from hedgerow intersections, and >100 m apart.

Areplicated, randomized, controlled study in 2008-2009 on two arable farms
in Berkshire, UK (19) found that sowing wildflowers in grass buffer strips which
have been scarified and treated with grass-specific herbicide increased the
abundance, diversity and species richness of butterflies. Butterfly species richness
was higher in plots that had been scarified, sown with wildflower seeds and
treated with grass-specific herbicide (5.8 species/plot) compared with single
treatment plots (scarification and seeding: 2.6; herbicide: 2.5 species/plot) and
plots with no scarification, seeding or herbicide (3.7 species/plot). Butterfly
abundance (6.8 individuals/plot) and diversity were higher in plots that were
scarified, seeded and treated with herbicide than single treatment plots
(scarification and seeding: 2.5, herbicide: 2.2 individuals/plot), but similar to plots
with no scarification, seeding or herbicide (3.7 individuals/plot; diversity
presented as model results). Six-metre-wide grass buffer strips were created on
two arable farms in 2004 and managed under an Entry Level Stewardship
agreement from 2005. In spring 2008, three blocks of four 25 x 4 m plots were
established at each farm. One of four treatments was applied randomly to each
plot: scarification in March 2008; application of grass-specific herbicide
(“fluazifop-P-butyl”) in April 2008; scarification and herbicide application; and no
scarification or herbicide. Scarification was always followed by sowing a seed
mixture of nine wildflower species. All plots were cut to 15 ¢cm in autumn, and
cuttings left in place. From May-September 2008-2009, butterflies were surveyed
twice on each of four days/year on a 25-m transect through the centre of each plot.
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A replicated, paired, site comparison study in 2008 on 30 farms in central
Scotland, UK (20) found that grass field margins and beetle banks managed under
agri-environment schemes (AES) had a higher abundance and species richness of
micro-moths, but not macro-moths, than conventionally-managed field margins.
In AES field margins and beetle banks, both the abundance (57 individuals) and
species richness (24 species) of micro-moths were higher than in conventional
field margins (abundance: 17 individuals; richness: 8 species). However, the
abundance (294 individuals) and species richness (34 species) of all macro-moths,
and the abundance (24 individuals) and species richness (6 species) of declining
macro-moths on AES margins and banks were not significantly different from
conventional margins (all macro-moths: 207 individuals, 38 species; declining
macro-moths: 32 individuals, 10 species). In 2004, fifteen farms enrolled in AES,
and were paired with 15 similar but conventionally-managed farms, <8 km away.
On AES farms, 1.5-6-m-wide field margins or beetle banks were sown with grass
mixes, and managed with restrictions on grazing and fertilizer and pesticide use.
Field margins on conventional farms had no management restrictions. From June-
September 2008, moths were collected for four hours, on one night/farm, using a
6 W heath light trap located next to one margin or bank on each farm. Paired farms
were surveyed on the same night.

Areplicated, randomized, paired, controlled study in 2005-2011 on an arable
farm in Buckinghamshire, UK (21) found that land managed under an agri-
environment scheme, including planting grass margins, had a higher abundance,
but not species richness, of butterflies and micro-moths than conventional
farming, but there was no difference in abundance or species richness of other
moths. Butterfly abundance was higher under enhanced Entry-Level Stewardship
(ELS) (5,400 individuals/60 ha) and standard ELS (2,000 individuals/60 ha) than
under conventional farming (1,400 individuals/60 ha). Micro-moth abundance
was also higher under enhanced ELS (79 individuals) than standard ELS (32
individuals) or conventional farming (20 individuals). However, the abundance of
macro-moths and threatened moths was similar under enhanced ELS (macro:
126; threatened: 6 individuals), standard ELS (macro: 79; threatened: 5
individuals) and conventional farming (macro: 79; threatened: 6 individuals).
Species richness of all groups was similar under enhanced ELS (macro: 20; micro:
11; threatened: 3 species), standard ELS (macro: 20; micro: 8; threatened: 2
species) and conventional farming (macro: 18; micro: 5; threatened: 2 species)
(butterfly data not presented). In 2005, a 1,000-ha farm was divided into five 180-
ha blocks. Three 60-ha areas/block were assigned to three treatments: enhanced
ELS (5% land removed from production, flower-rich margins sown with five
grasses and six non-woody broadleaved plants “forbs”); standard ELS (1% land
removed from production, 6-m margins sown with four grasses); conventional
(margins only around hedges and watercourses) (see paper for other details).
From May-August 2006-2011, butterflies were recorded four times/year on one
50-m transect/60-ha area, passing through all available habitats. In late-May
2007-2011 and late-July 2006-2011 moths were surveyed using Robinson light
traps. One block was surveyed/night, with one trap/treatment.

A replicated, site comparison study in 2006-2009 on 16 arable farms in
Oxfordshire, UK (22, same experimental set-up as 13, 14, 17, 18) found that
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extended-width grass field margins, which farmers were paid to maintain under
agri-environment schemes, had a higher species richness, but not abundance, of
macro-moths than standard-width margins. The species richness of macro-moths
in extended-width margins (105 species) was higher than in standard-width
margins (92 species), but the abundance was similar (data not presented). Sixteen
farms were categorized to one of four treatments, based on their most common
agri-environment scheme habitat: extended 6-m-wide or standard 1-m-wide field
margins, and with or without hedgerow trees (>15 m high, mostly pedunculated
oak Quercus robur). All margins were well-established perennial grass strips, cut
once every 2-3 years, ungrazed and unfertilized. From May-October 2006-2009,
moths were sampled 40 times (once/fortnight), using three 6 W Heath pattern
actinic light traps/farm. Traps were 1 m from hedgerows (2-3 m high, 1.5-2.5 m
wide), 5 m from trees (if applicable), >50 m from hedgerow intersections, >100 m
apart, and operated from dawn to dusk. Three farms (nine traps) were
sampled/night.

A replicated, paired, site comparison study in 2009 in a mixed farming region
in Brittany, France (23) found that grass field margins were used by meadow
brown Maniola jurtina butterflies in a similar way to meadows. Meadow brown
flight patterns in grass field margins were similar to those in meadows (data
presented as model results). In addition, meadow browns were more likely to fly
along grass margins than across them. Meadow brown behaviour was studied in
three pairs of grass field margins (5-20 m wide, 20-340 m long) and small
meadows (0.05-5 ha), at sites 4-8.5 km apart. Grass field margins were mostly
sown with a standard set of clover Trifolium spp. and grasses (Poacea). From June-
August 2009, a total of 289 butterflies using field margins and 270 butterflies
using meadows were followed individually from 15 m away, and the length and
direction of their movements was recorded.

Areplicated, randomized, controlled, before-and-after study in 2007-2009 on
a mixed farm in Mississippi, USA (24) found that disking grass field margins
increased the abundance, but not species richness, of disturbance-tolerant
butterflies without affecting the abundance or species richness of grassland
butterflies, while burning did not affect the abundance or species richness of any
butterflies. The abundance of 18 disturbance-tolerant butterfly species was higher
both one (10-14 individuals) and two (18 individuals) years after disking than on
either burned (4-11 individuals) or undisturbed (4-14 individuals) margins.
However, the species richness of disturbance-tolerant butterflies was similar
between disked (7-9 species), burned (6-7 species) and undisturbed (6-8
species) margins. Both the abundance and species richness of 14 grassland
butterfly species remained similar in disked (abundance: 0.6-1.4 individuals;
richness: 2 species), burned (abundance: 0.3-1.3 individuals; richness: 1-3
species) and undisturbed (abundance: 0.5-1.3; richness: 1-3 species) margins.
See paper for details of individual species. In spring 2004, grass margins totalling
79 ha were sown with a seed mix of common prairie species. Fifteen fields
(containing 43 margins) were randomly assigned to one of three treatments:
disking, burning and no disturbance. Within each disking field, one margin was
disked in autumn 2007, and a different margin was disked in autumn 2008. Within
each burning field, one margin was burned in spring 2008 and a different margin
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was burned in spring 2009. From June-August 2007-2009, butterflies were
surveyed six times/year along three 50-m transects in the centre of each margin.

A replicated, randomized, controlled study in 2007-2010 on 28 arable farms
in Wessex and East Anglia, UK (25) found that farms with enhanced agri-
environment scheme (AES) habitats, including floristically-enhanced grass buffer
strips, had a higher abundance of some butterfly species than farms with simpler
AES habitats, including standard grass margins. In early summer, farms with
enhanced AES habitats had a higher abundance of blue (Lycaenidae: 0.05
individuals/100 m) and white (Pieridae: 0.46 individuals/100 m) butterflies along
boundaries than farms with Entry Level Scheme (ELS) habitats (blues: 0.04;
whites 0.21 individuals/100 m), but a lower abundance of skippers (Hesperiidae)
in the AES habitat itself (enhanced: 0.00; ELS: 0.02 individuals/100 m). In mid-
summer, enhanced AES farms had a higher abundance of white butterflies (0.69
individuals/100 m), but a lower abundance of brown butterflies (Satyridae: 0.16
individuals/100 m) in the AES habitat, and a lower abundance of blue butterflies
(0.05 individuals/100 m) along boundaries than ELS farms (whites: 0.38; browns:
0.49; blues: 0.11 individuals/100 m). In spring 2007, twenty-four farms (12 in
East Anglia and 12 in Wessex) were randomly assigned to two treatments: 16
farms with enhanced AES habitat (1.5-6.0 ha of floristically-enhanced grass mixes,
wildflower strips, wild bird seed mixes and natural regeneration by annual
cultivation); and eight farms with ELS habitat (1.5-6.0 ha of grass margins and
game cover (usually maize)). Two additional ELS farms/region, already managed
organically with 1.5 ha of ELS habitat, were also studied. From 2008-2010,
butterflies were surveyed twice/year on 11 fixed 100-m transects, in mid-May-
mid-June and mid-July-early August. Eight transects/site were located in AES
habitat, and three transects/site were located on field boundaries away from the
AES habitat.

A replicated, site comparison study in 2014-2015 in 44 sites in a mixed
farming region in Lombardy, Italy (26) found that grass margins wider than 3 m
had a higher species richness of butterflies than narrower margins. The species
richness of butterflies in grass margins which were more than 3 m wide was
higher than in margins which were less than 1 m wide (data presented as model
results). In addition, margins where the vegetation was higher than 15 cm had
more species than margins with vegetation shorter than 15 cm (data presented as
model results). See paper for details on individual species groups. Arable fields
with grass margins were divided into three width categories (<1 m, 1-3 m, >3 m)
and three height categories (<15 cm, 15-50 cm, >50 cm). From April-September
2014-2015, butterflies were surveyed along 44 transects, divided into 8-26 x 50-
m sections. In 2014, thirty transects were surveyed once/month, and in 2015
fourteen different transects were surveyed twice/month. Only transect sections
along field margins were included (number not specified).

(1) Lagerlof]., Stark J. & Svensson B. (1992) Margins of agricultural fields as habitats for
pollinating insects. Agriculture Ecosystems & Environment, 40, 117-124.

(2) Canters K.J. & Tamis W.L.M. (1999) Arthropods in grassy field margins in the
Wieringermeer: Scope, population development and possible consequences for farm
practice. Landscape and Urban Planning, 46, 63-69.

(3) Thomas S.R., Goulson D. & Holland ]J.M. (2000) The contribution of beetle banks to
farmland biodiversity. Aspects of Applied Biology, 62, 31-38.
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Annual crops

3.12. Increase crop diversity across a farm or farmed
landscape

e Two studies evaluated the effects on butterflies and moths of increasing crop diversity
across a farm or farmed landscape. Both studies were in Switzerland'2.

COMMUNITY RESPONSE (2 STUDIES)

¢ Richness/diversity (2 studies): Two replicated, site comparison studies in
Switzerland'-2 found that farms' and landscapes? with a greater number of habitats' or
crop types? had a similar species richness of butterflies to farms and landscapes with
fewer different habitats or crop types.

POPULATION RESPONSE (1 STUDY)

e Abundance (1 study): One replicated, site comparison study in Switzerland' found that
farms with a greater number of habitats had a similar abundance of butterflies to farms
with fewer different habitats.

BEHAVIOUR (0 STUDIES)
Background

Agricultural landscapes are often homogenous, with the same crops being grown
across a large area. Increasing the diversity of crops within a single farm, or across
a farmed landscape, may improve the habitat suitability for butterflies and moths
by increasing the availability of resources, or making that availability more
consistent over time. For example, differences in flowering time or harvest time
may increase the permability of the landscape for butterflies and moths, or mean
that nectar resources are available for longer across the summer than if only a
single crop type was present.

For studies on increasing diversity within a field, see “Plant more than one crop
per field (intercropping)”.
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A replicated, site comparison study in 2009-2011 in 133 mixed farms in the
Central Plateau, Switzerland (1) found that farms with a greater number of habitat
types (including crop types) had a similar abundance and species richness of
butterflies to farms with fewer habitat types. Both the abundance and species
richness of butterflies on farms with more different habitats (>3/farm) were
similar to farms with fewer habitats (<3 /farm) (data presented as model results).
A total of 133 farms (17-34 ha, 13-91% arable crops) were managed with
“Ecological Compensation Areas” under agri-environment schemes. Management
included extensive and low-input meadows with reduced fertilizer and later
cutting dates, and the presence of trees, hedgerows and wildflower patches, as
well as arable crops and pasture. From May-September 2009-2011, butterflies
were surveyed six times on 10-38 transects/farm, totalling 2,500 m/farm. Each
transect ran diagonally through a single crop or habitat type, with all available
crops and habitats represented. All visits to a farm were completed in a single year,
and the species richness was summed across all visits. Total abundance of
butterflies was calculated from the number recorded in each habitat, and the
availability of each habitat across the farm. Habitats on each farm were mapped
between May and August.

A replicated, site comparison study in 2010-2014 in 91 agricultural areas in
the Swiss Plateau, Switzerland (2) found that landscapes with a higher diversity
of crops had a similar species richness of butterflies to landscapes with lower crop
diversity. The species richness of butterflies was similar in agricultural areas with
7-12 different crops (11-33 species) and 1-6 crops (12-33 species). Ninety-one
mixed farming areas (1 km?) were selected where 1-12 crop types were grown.
Butterflies were surveyed seven times along a 2.5-km transect through each 1-
km? area in one of five years (2010-2014).

(1) StoeckliS., Birrer S., Zellweger-Fischer ., Balmer O., Jenny M. & Pfiffner L. (2017)
Quantifying the extent to which farmers can influence biodiversity on their farms.
Agriculture, Ecosystems & Environment, 237, 224-233.

(2) ZinggS., Grenz J. & Humbert ].-Y. (2018) Landscape-scale effects of land use intensity on
birds and butterflies. Agriculture, Ecosystems & Environment, 267, 119-128.

3.13. Plant more than one crop per field (intercropping)

¢ One study evaluated the effects on butterflies and moths of planting more than one crop
per field. The study was in Malaysia’.

COMMUNITY RESPONSE (1 STUDY)

e Community composition (1 study): One replicated, site comparison study in Malaysia’
found that smallholdings planted with oil palm and other crops did not differ in butterfly
community composition from those planted with oil palm alone.

¢ Richnessl/diversity (1 study): One replicated, site comparison study in Malaysia' found
that smallholdings planted with oil palm and other crops did not have greater butterfly
species richness than those planted with oil palm alone.

POPULATION RESPONSE (1 STUDY)
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e Abundance (1 study): One replicated, site comparison study in Malaysia' found that
smallholdings planted with oil palm and other crops did not have higher overall butterfly
abundance than those planted with oil palm alone.

BEHAVIOUR (0 STUDIES)
Background

Modern agricultural fields normally only contain a single crop (monoculture),
making sowing and harvest easier for the farmer. However, for butterflies and
moths, this may reduce the availability of foraging resources (Asmah et al. 2017).
Planting more than one crop per field (polyculture) may increase the diversity of
resources available for butterflies and moths, enabling less mobile species in
particular to make better use of the landscape.

For studies on increasing diversity across a farm or farmed landscape, see
“Increase crop diversity across a farm or farmed landscape”.

Asmah S., Ghazali A, Syafiq M., Yahya M.S., Peng T.L., Norhisham A.R. Puan C.L., Azhar B,
Lindenmayer D.B. (2017) Effects of polyculture and monoculture farming in oil palm smallholdings
on tropical fruit-feeding butterfly diversity. Agricultural and Forest Entomology, 19(1), 70-80

A replicated, site comparison study in 2014 in 120 sites of agricultural land in
Selangor, Malaysia (1) found that smallholdings planted with oil palm and other
crops (polyculture) did not differ in butterfly species richness, overall abundance
or community composition from smallholdings planted with just oil palm
(monoculture). There was no difference in the average number of butterfly species
(polyculture: 4; monoculture: 3), overall number of individuals (polyculture: 29;
monoculture: 36) or the composition of species between oil palm polycultures and
monocultures (data presented as model results). Abundances of individual species
in polycultures and monocultures were mixed and differences were not tested
statistically (see paper for details). At 60 smallholdings oil palms were grown
amongst other crops including bananas, coconuts, tapioca and sugar cane
(polycultures), and at 60 oil palm was grown alone (monocultures). Smallholdings
sampled were 2300 m apart and mostly <5 ha in size. In January-August 2014,
three fruit-baited traps were set 250 m apart from each other at each smallholding
and operated for 12 h daily for three consecutive days, with regular checking.
Butterflies caught were marked before release to avoid recounting. Each
smallholding was sampled once.

(1) Asmah S, Ghazali A., Syafiq M., Yahya M.S., Peng T.L., Norhisham A.R., Puan C.L., Azhar
B., Lindenmayer D.B. (2017) Effects of polyculture and monoculture farming in oil palm
smallholdings on tropical fruit-feeding butterfly diversity. Agricultural and Forest
Entomology, 19(1), 70-80.

3.14. Plant nectar flower mixture/wildflower strips

o Twenty-three studies evaluated the effects of planting nectar flower mixtures, or
wildflower strips, on butterflies and moths. Eleven studies were in the UK'-


https://resjournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Asmah%2C+Siti
https://resjournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Ghazali%2C+Amal
https://resjournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Syafiq%2C+Muhammad
https://resjournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Yahya%2C+Muhammad+S
https://resjournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Peng%2C+Tan+L
https://resjournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Norhisham%2C+Ahmad+R
https://resjournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Puan%2C+Chong+L
https://resjournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Azhar%2C+Badrul
https://resjournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Lindenmayer%2C+David+B
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467.11,12,14,181922_ gjx were in Switzerland581013.1617 two were in the USA%2!, and one
was in each of Sweden's, Finland?0 and Germany?23.

COMMUNITY RESPONSE (20 STUDIES)

Richness/diversity (20 studies): Eight of thirteen studies (including twelve replicated
studies, two randomized studies, five controlled studies, one before-and-after study, and
eight site comparison studies) in the UK2347.14" Switzerland58.10.11.16.17 " Finland2® and
Germany?2? found that sown wildflower strips had a higher species richness?2:38.10.14,16,20
and diversity* of all butterflies?3481014.20  generalist butterflies's, and moths? than
conventional field margins219, unsown margins3#, cropped fields81620 or conventional
grassland4.1620, One of these studies also found that the species richness of specialist
butterflies was similar in sown wildflower strips, cropped fields and conventional
grassland'®. Four studies found that the species richness5.7.13.17 of butterflies was similar
between sown wildflower strips and cropped fields®:13, cropped margins’, unsown strips’
or extensively managed meadows'’. The other study found that, five years after sowing
wildflower strips, butterfly species richness, but not diversity had increased at one of two
study sites?3. One replicated, randomized, paired, controlled study in the UK"8 found that
the species richness of butterflies and moths was similar on farms managed under agri-
environment schemes, including with sown wildflower strips, and on conventionally
managed farms. Two replicated studies (including one randomized, controlled study and
one site comparison study) in the UK'" and Sweden'® found that field margins sown with
wildflowers had a greater species richness of butterflies than grass-only field
margins'".15, One of two replicated, paired, controlled studies (including one randomized
study) in the USA?® and the UK found that plots sown with a mix of wildflowers had a
greater species richness of caterpillars than plots sown with a single flower species®.
The other study found that plots sown with either complex or simpler flower mixes had a
similar species richness of butterflies™. Two replicated studies (including one
randomized, controlled study) in the UK®'2 found that wildflower plots sown with
phacelia®, borage® or lucerne’2 had a higher species richness'? or diversity of
butterflies®12 and moths than plots sown with other flower species.

POPULATION RESPONSE (16 STUDIES)

Abundance (17 studies): Ten studies (including nine replicated studies, three
randomized studies, three controlled studies and seven site comparison studies) in the
UK12347.14 " Switzerland!216.17 and Finland2® found that sown wildflower strips had a
higher abundance of all butterflies2347.10.1417 " generalist butterflies'®, specialist
butterflies20 and meadow brown butterflies than conventional field margins210, unsown
margins'34, cropped fields'620, cropped margins’, conventional grassland416.20 or
extensively managed meadows'’. However, one of these studies only found this effect
in one of two study years’. Two of these studies also found that the abundance of
specialist butterflies'® and meadow brown caterpillars' was similar in sown wildflower
strips and unsown margins', cropped fields'® and conventional grassland'é, and one
found that the abundance of caterpillars was lower in sown wildflower strips than in
conventional grassland’4. One replicated, randomized, paired, controlled study in the
UK'8 found that the abundance of butterflies and micro-moths was higher on farms
managed under agri-environment schemes, including with sown wildflower strips, than
on conventionally managed farms, but the abundance of other moths was similar. Two
replicated studies (including one randomized, controlled study and one site comparison
study) in the UK and Sweden's found that field margins sown with wildflowers had a
higher abundance of butterflies than grass-only field margins'.'5. One replicated,
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randomized, controlled study in the UK22 found that farms with wildflower strips (along
with other enhanced agri-environment scheme options) had a higher abundance of some
butterflies, but a lower abundance of other butterflies, than farms with simpler agri-
environment scheme management such as grass-only margins. One of two replicated,
paired, controlled studies (including one randomized study) in the USA® and the UK1®
found that plots sown with one of three wildflower mixes had a higher abundance of
moths than plots sown with two other mixes or a single flower species®. The other study
found that plots sown with either complex or simple flower mixes had a similar
abundance of butterflies'. One replicated, randomized, controlled study in the UK12
found that wildflower plots sown with lucerne’2 had a higher abundance of butterflies
than plots sown with borage, chicory or sainfoin.

BEHAVIOUR (2 STUDIES)

e Use (2 studies): Two studies (including one replicated study) in the UK and the USA?!
reported that sown nectar flower plots® and tropical milkweed plots?! were used by six
species of butterflies and moths® and monarch butterflies and caterpillars2!.

Background

Butterflies and moths often show a preference for areas with more floral
resources (Vogel et al. 2007), but such resources are absent from intensive arable
landscapes. Sown nectar flower mixtures, or wildflower strips, are common
components of agri-environment schemes or conservation incentive programs
which aim to increase the availability of flowers for insects. However, there can be
many differences in the implementation methods used. For example, the exact
seed mixture of species sown often differs between geographic regions and
individual studies. Excluding grasses from nectar flower mixtures may reduce
competition and aid re-establishment of the flowering species, while the rotation
of the location of wildflower strips every 2-3 years may also be beneficial, as not
all sown species will persist for longer than this (Heard et al. 2011).

Nectar flower mixes are normally composed of perennial plants, as opposed to
annual species sown in wild bird seed mixes (Pywell et al. 2008). For studies on
sowing these mixes, see “Plant wild bird seed or cover mixture”.

Heard M.S., Botham M., Broughton R., Carvell C., Hinsley S., Woodcock B., Pywell R.F., Amy S,
Bellamy P.E., Hill R.A.,, Hulmes S., Hulmes L., Meek W.R., Nowakowski M., Peyton ]., Redhead J.W,,
Shore R.F. & Turk A. (2011) Quantifying the effects of Entry Level Stewardship (ELS) on
biodiversity at the farm scale: the Hillesden Experiment. Natural England report, RP00026.

Pywell R., Hulmes L., Meek W. & Nowakowski M. (2008) Creation and Management of Pollen and
Nectar Habitats on Farmland: Annual report 2007/8.

Vogel ].A., Debinski D.M., Koford R.R. & Miller ].R. (2007) Butterfly responses to prairie restoration
through fire and grazing. Biological Conservation, 140, 78-90.

A replicated, randomized, controlled study in 1987-1991 in Oxfordshire, UK
(1, same experimental set-up as 2, 3) found that field margins sown with
wildflower seed mix had more adult meadow brown Maniola jurtina than unsown
margins, and that margin management affected butterfly numbers. More adult
meadow browns were found on margins sown with wildflowers (4-52
butterflies/50 m) than on unsown margins (4-15 butterflies/50 m). Sown
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margins also had more butterflies if they were left uncut (13-39 butterflies/50 m),
or were cut in spring and autumn (16-52 butterflies/50 m), than if they were cut
in summer (4-22 butterflies/50 m). There was no difference in the abundance of
meadow brown caterpillars between sown and unsown, or cut and uncut, plots (3
caterpillars/plot). There were more meadow browns on all the experimental field
margins than on narrow, unmanaged field boundaries of a neighbouring farm
(numbers not given). In October 1987, two-metre-wide field margins around
arable fields were rotovated, and either sown with a wildflower seed mix in March
1988 or left to regenerate naturally. Within each sown and unsown margin, 50-m-
long plots were managed in one of four ways, with eight replicates of each
treatment: uncut; cut once in June; cut April and June; cut in April and September.
Hay was collected after cutting. From June-September 1989, and April-September
1990-1991, adult meadow brown were monitored weekly. In spring 1991,
meadow brown caterpillars were sampled by sweep netting and visual searching.

A site comparison study in 1988-1991 on two arable farms in Oxfordshire, UK
(2, same experimental set-up as 1, 3) reported that a farm where wider field
margins (some of which were sown with grasses and non-woody broadleaved
plants “forbs”) had been established, and fertilizer application excluded, had a
higher abundance and species richness of butterflies than a farm with
conventional field margins. Results were not tested for statistical significance. The
abundance of eight species (including small skipper Thymelicus sylvestris, small
heath Coenonympha pamphilus, gatekeeper Pyronia tithonus and meadow brown
Maniola jurtina) was higher on a farm with wider (2-m) field margins, including
those sown, than on a farm with conventional (0.5-m) margins. No species was
more abundant on the conventional farm. In addition, two species (marbled white
Melanargia galathea and common blue Polyommatus icarus) were only recorded
on the farm with wide margins, resulting in a higher species richness (16 species)
than the conventional farm (14 species). In 1988, the margins of 10 fields on one
farm were extended from 0.5-m to 2-m wide, and fertilizer application was
excluded. Margins were either sown with grasses and forbs or left to regenerate
naturally. Margins were either left uncut, or cut in some combination of April, June
and September 1989-1991. In summer 1991, butterflies were surveyed for two
months on transects on this farm and on a second, intensively managed farm with
conventional field margins (number not given).

A replicated, randomized, controlled study in 1987-1991 in Oxfordshire, UK
(3, same experimental set-up as 1, 2) found that butterfly abundance and species
richness were higher in sown wildflower margins than in unsown, naturally
generated margins. From two years after establishment, both individual
abundance (21-91 individuals/50 m) and species richness (7-10 species/50 m)
of butterflies were higher in sown wildflower margins than in unsown margins
(abundance: 14-39 individuals/50 m; richness: 6-9 species/50 m). Additionally,
in all three years, sown margins had more butterflies if they were left uncut
(abundance: 49-91 individuals/50 m; richness: 9-10 species/50 m), or were cut
in spring and autumn (abundance: 27-88 individuals/50 m; richness: 7-9
species/50 m), than if they were cut in summer (abundance: 21-46 individuals/50
m; richness: 7-10 species/50 m). In autumn 1987, two-metre-wide field margins
around arable fields were rotovated. In April 1988, half were sown with a seed
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mixture (3 kg/ha) containing six grasses and 17 non-woody broadleaved plants
(forbs). The rest were left to regenerate naturally. Within each sown and unsown
margin, 50-m-long plots were managed in one of four ways, with eight replicates
of each treatment: uncut; cut once in June; cut April and June; cut in April and
September. Hay was collected after cutting. Butterflies were monitored weekly
from June-September 1989 and from April-September 1990 and 1991.

A replicated, site comparison study in 1994-1996 on an arable farm in
Gloucestershire, UK (4) found that the abundance and diversity of butterflies was
higher in margins sown with wildflowers than in naturally regenerated field
margins, and that margin management affected butterfly diversity. Sown
wildflower margins had a higher abundance (15-16 individuals) and diversity (6-
7 species) of butterflies than naturally regenerated margins (abundance: 5-10
individuals; diversity: 3-6 species). Cutting and subsequent grazing of the sown
margins decreased butterfly diversity (5.6 species) but not abundance (14.6
individuals) compared to margins which were not cut or grazed (diversity: 6.8
species; abundance: 16.3 individuals). In 1994, two-metre margins were
established around two organically managed arable fields by either sowing a seed
mix (containing five grasses and six wildflowers) or by natural regeneration. In
1996, half of the margins were cut in June and grazed in July. The rest were left
unmanaged. From May-September 1996, butterflies were monitored weekly
along transects.

A replicated, site comparison study in 1998 in two agricultural regions in the
Swiss Plateau, Switzerland (5, same study as 8) found that the species richness of
butterflies in wildflower strips sown on set-aside areas was similar to winter
wheat fields. Butterfly species richness in the wildflower strips (more than 6
species) differed significantly only from forest edges (fewer than 4 species).
However, wildflower strips attracted some species of butterfly that were never or
only rarely found in other habitats. Across two arable regions, 109 sites were
composed of eight habitat types: Ecological Compensation Areas including eleven
wildflower strips on set-aside land, five hedgerows, 19 extensively managed
meadows, 16 low intensity meadows and eight orchard meadows, along with 20
winter wheat fields, seven intensively managed meadows and 23 forest edges.
From May-September 1998, butterflies were observed for 10 minutes on each of
six visits to each site (0.25 ha/site).

A replicated study in 1996-1997 on an experimental farm in Hertfordshire,
UK (6) reported that sown nectar flower mixtures were used by six species of
butterfly and moth. Five species of butterfly (small skipper Thymelicus sylvestris
(3 individuals), common blue Polyommatus icarus (4 individuals), small
tortoiseshell Aglais urticae (17 individuals), painted lady Cynthia cardui (4
individuals) and small white Pieris rapae (18 individuals)) and one moth (silver Y
Autographa gamma (327 individuals)) used nectar flower mixtures sown with six
plant species. Phacelia Phacelia tanacetifolia and borage Borago officinalis
attracted the highest diversity of butterflies and moths (5 species), but individual
species preferred different plants (see paper for details). From mid-April to mid-
July 1996 and 1997, one plot/month (22 x 14 m in 1996, 20 x 13 m in 1997) was
sown with a seed mixture containing borage, phacelia, buckwheat Fagopyrum
esculentum, cornflower Centaurea cyanus, mallow Malva sylvestris and marigold
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Calendula officinalis at 91 kg/ha (1996) or 22 kg/ha (1997), and then harrowed.
Flower-visiting butterflies and moths were recorded on 34 days from June-
October 1996 and 21 days from June-November 1997 by walking around the edge
of each plot.

A replicated, controlled study in 1999-2000 in four arable sites in North
Yorkshire, UK (7) found that butterfly abundance was higher along margins sown
with a grass and wildflower seed mix or a combination of grass and wildflower
seed mix and tussocky grass seed than along margins left to regenerate naturally
or those sown with cereal crop, but there was no difference in butterfly species
richness between any of the treatments. More butterflies were seen along margins
sown with a grass and wildflower seed mix (average: 44 individuals) or where half
their width had been sown with grass and wildflower seed mix and half with
tussocky grass seed (average: 33) than along margins which regenerated naturally
(average: 14) or those sown with cereal crop seed (average: 9). However, there
was no difference in butterfly abundance along margins sown with a grass and
wildflower seed mix or a split margin of grass and wildflower seed mix and
tussocky grass seed than along margins sown with tussocky grass seed alone
(average: 21). There was no difference in species richness between any of the
treatments (see paper for details). Four 6 m wide 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 tussocky grass mix, a grass and wildflower mix, half
the width tussocky grass and half grass and wildflower mix, cereal crop or left to
regenerate naturally. Butterflies were surveyed weekly from May-September
2000 using walking transects (21 surveys/field in total).

A replicated, site comparison study in 1998 in the arable region of Rafz, Swiss
Plateau, Switzerland (8, same study as 5) found that butterfly species richness was
higher in wildflower strips than in intensively managed wheat fields. Wildflower
strips planted as Ecological Compensation Areas had more species of butterfly
than intensively managed wheat fields (data not presented). Eleven wildflower
strips and 20 wheat fields were sampled. Butterflies were observed for 10-minute
periods on 0.25 ha of each site, on five occasions from May-August 1998, between
10:00-17:30 h on sunny days with temperatures of at least 18 °C.

A replicated, paired, controlled study in 2003 on an arable farm in North
Carolina, USA (9) found that plots sown with one of three commercial seed mixes
had a higher abundance of adult moths than the other two mixes or single species
plots, and all three mixes had a higher species richness of caterpillars than single
species plots. Plots sown with “Border Patrol” seed mix were visited by more adult
hawk moths (Sphingidae: 1.8 individuals/minute) and noctuid moths (Noctuidae:
2.1 individuals/minute) than plots sown with “Beneficial Insect Mix” or “Good Bug
Blend” (hawk moths: 0.1; noctuid moths: 0.8-1.1 individuals/minute) or single
species of cut flowers or herbs (hawk moths: 0.0; noctuid moths: 1.0-1.6
individuals/minute). The species richness of non-pest herbivores (including
geometrid moth (Geometridae), brush-footed butterfly (Nymphalidae) and
skipper (Hesperiidae) caterpillars), was similar in all three seed mixes (8
species/plot) and higher than in the single species plots (5-6 species/plot). In
March 2003, seeds from three commercial mixes were separated and sown in a
greenhouse, along with seeds of three cut flowers/herbs (fennel Foeniculum
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vulgare, common zinnia Zinnia elegans, cockscomb Celosia cristata). In May 2003,
plants were transplanted to field plots (6.0 x 1.2-2.1 m), arranged in three blocks,
in their original mixes and relative abundance. Dead plants were replaced for two
weeks, and hand-weeded. Plots were separated by 1.5-m millet strips. All areas
had been pesticide-free for 23 years. On eight days in June-August 2003, insects
were collected with a D-Vac vacuum sampler, and two aerial nets, for 1 min/plot.
On four nights in July-August 2003, moths were observed visiting each plot for
one minute, three times/night, in the hour after dusk.

A replicated, site comparison study in 2001-2005 in an arable region in Basel,
Switzerland (10) found that wildflower strips sown with a ‘locally adapted’ mix of
grass and flower species (species local to the area) had a higher abundance and
species richness of butterflies than conventionally cropped margins. The ‘locally
adapted’ field margins had more butterfly species and individuals than standard
wildflower strips, and 40 times more species and individuals than conventional
cropped margins (data not presented). In 2001, seven field margins (5 x 120 m)
were sown with seeds of up to 38 native grass and wildflower species (‘locally
adapted’ mix). Half of each margin was cut lengthwise, alternately, in late August
each year. Butterflies were counted five times from May-August 2003 and 2005
on these ‘locally adapted’ margins, 10 standard wildflower strips, and 10
conventional cropped margins.

A replicated, randomized, controlled study in 2002-2006 on three farms in
eastern England, UK (11) found that field margins sown with a flower mix
designed for pollinating insects did not support more butterflies than floristically-
enhanced grass margins, but both supported more butterflies than grass-only
margins. In margins sown with either a pollinating insect mix or a grass and
wildflower mix the abundance (18-20 individuals/plot) and species richness (6
species/plot) of butterflies was similar, but both were higher than in grass-only
margins (abundance: 12 individuals/plot; richness: 5 species/plot). Management
of the margins did not affect either the abundance or species richness of butterflies
(data not presented). Field margin plots (6 x 30 m) were established in 2000-
2001 using one of three seed mixes: a mixture of grasses and wildflowers designed
for pollinating insects (four grass species, 16-20 wildflowers, sown at 35 kg/ha),
a floristically-enhanced “tussock grass mix” (seven grass species, 11 wildflowers,
sown at 35 kg/ha), and a grass-only “Countryside Stewardship mix” (seven grass
species, sown at 20 kg/ha). Margins were managed in spring from 2003-2005
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. No further details provided.

A replicated, randomized, controlled study in 2006-2007 on a farm in
Warwickshire, UK (12) found that butterfly abundance and species richness
differed between three plant species commonly sown in nectar flower mixtures.
In 2006, more butterflies were found in plots sown with lucerne Medicago sativa
(6.3 individuals/plot) than plots sown with borage Borago officinalis (0.3
individuals/plot), chicory Cichorium intybus (0.8 individuals/plot) and sainfoin
Onobrychis viciifolia (0.8 individuals/plot). More butterfly species were found in
lucerne plots (3.5 species/plot) than in borage, chicory, sainfoin and fodder radish
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Raphanus sativus (0.3-0.5 species/plot). There was no significant difference in
abundance (1.0-3.3 individuals/plot) or species richness (1.0-2.8 species/plot)
between the other plant species. In 2007, red clover Trifolium pratense had more
butterflies (3.3 individuals/plot) than chicory (0.0 individuals/plot), but the
abundance on all other plant species was similar (0.3-2.3 individuals/plot) and
there were no significant differences in species richness (0.0-1.8 species/plot). In
May 2006, three perennial species sown in pollen and nectar mixtures (chicory,
red clover, sainfoin) and 10 small-seeded crop species commonly sown in wild
bird seed mixtures (borage, buckwheat Fagopyrum esculentum, crimson clover
Trifolium incarnatum, fodder radish, linseed Linum usitatissimum, lucerne,
mustard Brassica juncea, phacelia Phacelia tanacetifolia, sunflower Helianthus
annuus and sweet clover Melilotus officinalis) were sown individually in 6 x 4 m
plots, replicated four times. Annual species were re-sown May 2007. Butterflies
were surveyed six times/year, from July-September 2006 and May-September
2007.

A replicated, controlled study in 1998-2004 in an arable farmland region in
central Switzerland (13) found that wildflower strips contained similar numbers
of butterfly species to crop fields. The estimated number of butterfly species on
wildflower strips (19 species) was the same as on conventional crop fields (19
species). The study sampled 78 wildflower strips (sown with 20-40 plant species)
and 72 crop fields. From 1998-2004, butterflies were surveyed every two years
between May and September, using five 10-minute observation periods across
0.25 ha/field.

A replicated, randomized, controlled study in 2002-2006 on four lowland
farms in Devon and Somerset, UK (14) found that plots sown annually with mixes
including legumes had a higher abundance and species richness of butterflies, but
a lower abundance of caterpillars, than grassland plots. In the first two years, plots
sown with legume mixes had a higher abundance (4-10 individuals/transect) and
species richness (2-4 species/transect) of adult butterflies than extensively
(abundance: 3-5 individuals/transect; richness: 2 species/transect) or
conventionally managed (abundance: 1-2 individuals/transect; richness: 1
species/transect) grassland. However, there were fewer caterpillars in the sown
plots (0-3 caterpillars/transect) than the extensively (1-8 caterpillars/transect)
or conventionally managed (0-7 caterpillars/transect) grassland. In April 2002,
experimental plots (50 x 10 m) were established on permanent pastures (>5-
years-old) on four farms. There were nine treatments, with three replicates/farm.
Two legume-sown treatments comprised barley Hordeum vulgare undersown
with seven grasses and five legumes, and a mix of six crops and four legumes. Two
extensive grassland treatments had minimal disturbance during summer and five
conventional grassland treatments included modifications to conventional silage
management (reducing fertilizer application, cutting and grazing). From June-
September 2003-2006, butterflies were surveyed once/month on a 50-m transect
through the centre of each plot. In April, June, July and September 2003-2006,
caterpillars were counted (but not identified) on two 10-m transects/plot using a
sweep net (20 sweeps/transect).

A replicated, site comparison study in 2007 at four arable farms in south
Sweden (15) found higher abundance and species richness of butterflies in sown
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wildflower strips than in grass margins (greenways or ‘betrddor’). In wildflower
strips, the abundance of butterflies (10.4 individuals/100 m) was higher than in
grass margins (0.6-1.4 individuals/100 m). In total, 86% of the recorded
butterflies were found in the wildflower strips compared to 14% in the grass
margins. Four species of butterfly were only found in the wildflower strips.
Margins with more field scabious Knautia arvensis had higher species richness and
abundance of butterflies (data presented as model results). At one farm, six
wildflower strips (total 2.9 km) were sown in the mid-1990s using either a
commercial mix of wildflowers and grasses, or hay from a nearby meadow, and
were cut once a year at the end of July. At three farms, 14 grass strips (total 6.8
km) were sown with a mixture of grass species in the 1990s, 2004 and 2005, and
were cut several times a year. Butterflies and the abundance of key flower species
were recorded on transects five times from June-September 2007.

A replicated, site comparison study in 2000-2004 in an arable landscape in
the Swiss Plateau, Switzerland (16) found that wildflower strips contained a
higher abundance and species richness of generalist but not specialist butterflies
than other arable habitats. For generalist butterflies, both the average abundance
(24.0 individuals) and species richness (7.0 species) were higher in wildflower
strips than in conventional grassland (abundance: 12.0, richness: 5.0) or wheat,
maize and root crop fields (abundance: 2.6-3.7, richness: 1.8-2.2). However, for
specialist butterflies there was no significant difference in abundance or richness
(wildflower: abundance = 2.4, richness = 1.0; grassland: abundance = 0.6, richness
= 0.5; crops: abundance = 0.4, richness = 0.2). Species richness of generalists was
also higher in fields with more wildflower strips in the surrounding area (data
presented as model results). From 1994-2004, within an 822-ha arable landscape,
wildflower strips were sown with buckwheat as ground cover, and 30-40 wild
plant species. They received no fertilizer or pesticide, and were not cut between
15 March and 1 October. In 2000, 2002 and 2004, butterflies were surveyed in five
habitats: wildflower strips, conventional grassland, wheat fields, root crops and
maize fields. Each year, 37-39 fields were sampled with 5 X 10-minute surveys
every 2-3 weeks between May and August. The surrounding land cover (200-m
radius) was mapped from aerial photographs. Generalist and specialist species
were determined based on the number of caterpillar food plants.

A replicated, site comparison study in 2008 in a lowland agricultural
landscape in Kanton Fribourg, Switzerland (17) found that sown wildflower strips
had a higher abundance of butterflies, but a similar species richness and a different
community composition, compared to extensively managed meadows. The
abundance of butterflies in sown wildflower strips (0.29 individuals/m) was
higher than in extensively managed meadows (0.12 individuals/m), but the
species richness was similar in wildflower strips (0.07 species/m) and meadows
(0.05 species/m). The species composition was different between the two habitats,
with seven of 25 species occurring only in wildflower strips, and six species
observed most frequently in the meadows. None of the five rarest species in the
region were recorded in wildflower strips or meadows. See paper for details on
individual species. Twenty-five wildflower strips (0.15-1.16 ha) were sown with
a standard seed mixture of 24 plant species, and were 1-7 years old. Eleven
meadows (0.21-1.64 ha) were cut at least twice/year after mid-June. From May-
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September 2008, butterflies were surveyed once/month on a transect through the
middle of each wildflower strip (70-450 m) or meadow (85-310 m).

A replicated, randomized, paired, controlled study in 2005-2011 on an arable
farm in Buckinghamshire, UK (18) found that land managed under an agri-
environment scheme, including sowing nectar flower mixtures, had a higher
abundance, but not species richness, of butterflies and micro-moths than
conventional farms, but there was no difference in abundance or species richness
of other moths. Butterfly abundance was higher under enhanced Entry-Level
Stewardship (ELS) (5,400 individuals/60 ha) and standard ELS (2,000
individuals/60 ha) than under conventional farming (1,400 individuals/60 ha).
Micro-moth abundance was also higher under enhanced ELS (79 individuals) than
standard ELS (32 individuals) or conventional farming (20 individuals). However,
the abundance of macro-moths and threatened moths was similar under
enhanced ELS (macro: 126; threatened: 6 individuals), standard ELS (macro: 79;
threatened: 5 individuals) and conventional farming (macro: 79; threatened: 6
individuals). Species richness of all groups was similar under enhanced ELS
(macro: 20; micro: 11; threatened: 3 species), standard ELS (macro: 20; micro: 8;
threatened: 2 species) and conventional farming (macro: 18; micro: 5; threatened:
2 species) (butterfly data not presented). In 2005, a 1,000-ha farm was divided
into five 180-ha blocks. Three 60-ha areas/block were assigned to three
treatments: enhanced ELS (5% land removed from production, field corners sown
with four grasses and 25 non-woody broadleaved plants (forbs), nectar flower
mixtures sown with four legumes); standard ELS (1% land removed from
production); conventional farming (see paper for other details). From May-
August 2006-2011, butterflies were recorded four times/year on one 50-m
transect/60-ha area, passing through all available habitats. In late-May 2007-
2011 and late-July 2006-2011 moths were surveyed using Robinson light traps.
One block was surveyed /night, with one trap/treatment.

A replicated, randomized, paired, controlled study in 2003-2005 in an arable
farm in Yorkshire, UK (19) found that margins sown with complex seed mixes did
not have a higher abundance or species richness of butterflies than simple mixes,
but the timing of cutting and removal of cuttings did affect butterfly numbers. The
abundance and species richness of butterflies was similar in plots sown with
simple (abundance: 6-11 individuals/150 m?; richness: 3-4 species/150 m2) or
complex (abundance: 6-8 individuals/150 m?; richness: 3 species/150 m?) seed
mixes. In the first year of management, butterfly abundance (1-2 individuals/150
m2) and species richness (1 species/150 m?%) were lower in plots cut in June than
in plots cut at other times of year (abundance: 17 individuals/150 m?; richness:
4-5 species/150 m2). However, in the second year, there was a higher abundance,
but not species richness, of butterflies in plots cut in April and June (9
individuals/150 m?; 4 species/150 m2) or October (8 individuals/150 m?; 5
species/150 m?) than plots cut in April and October (3 individuals/150 m?; 2
species/150 m?). Plots where cuttings were removed in April and June had a
higher abundance and species richness of butterflies than plots where cuttings
were left, but plots where cuttings were removed in October had a lower
abundance and species richness than plots where cuttings were left (data not
presented). In April 2003, two margins (200 X 6 m) were established in each of
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two cereal fields. One margin/field was sown with six legumes, common
knapweed Centaurea nigra, and six grasses at 20 kg/ha (£140/ha), and the other
was sown with four legumes and three grasses at 20 kg/ha (£55/ha). Margins
were cut three times in 2003 with cuttings removed. In April 2004, each margin
was sub-divided into eight 25 x 6 m plots, which were randomly assigned to one
of eight treatments: cut in October, cut in October and April, cut in October and
June, or cut in April and June, each with cuttings left in place or removed. From
May-September 2004-2005, butterflies were counted 7-8 times/year on a 25-m
transect through the middle of each plot.

A replicated, controlled study in 2007-2010 in six arable fields in Jokioinen,
Finland (20) found that sown wildflower strips had a higher abundance of habitat
specialist butterflies and total species richness of butterflies, moths and
bumblebees (Bombus spp.) combined than either grass or cereal fields, or
permanent field margins. Three years after sowing, the abundance of habitat
specialist butterflies (1.5-3.1 individuals/strip) and total species richness of
butterflies, moths and bumblebees (16-21 species/strip) were higher in
wildflower strips than in reed canary grass Phalaris arundinacea (butterflies: 0.1-
0.6 individuals/strip; richness: 2-7 species/strip), spring cereals (butterflies: 0
individuals/strip; richness: 1 species/strip) or permanent margins (butterflies:
0.9-1.2 individuals/strip; richness: 10-12 species/strip). Neither the diversity of
the sown seed mixture, nor the shape, location or orientation of the wildflower
strip, affected butterfly abundance or total species richness (see paper for details).
In May 2007, six wildflower strips were sown in each of six fields. Five strips/field
were sown with five wildflower species, and one was a monoculture of brown
knapweed Centaurea jacea. Five strips/field were 5 x 50 m, and one was 10 x 25
m. Strips were located at the field edge, either adjacent to another field or to forest,
or in the centre of the field. From May-August 2007-2010, butterflies, moths and
bumblebees were surveyed seven times along one 5 X 50 m transect/wildflower
strip, and in four strips/field within the surrounding crop (reed canary grass or
spring cereals) and two strips/field in permanent, unsown field margins.

A study in 2009 on a peanut-cotton farm in Georgia, USA (21) reported that
tropical milkweed Asclepias curassavica plants placed between peanut and cotton
fields were used by monarch butterflies Danaus plexippus. Milkweed plants were
visited by 0-0.03 monarch butterflies/plant/observation. Monarch caterpillars
were also observed feeding on milkweed plants and developing in to pupae. In
2009, four plots (23 x 61 m) were established between a 10-ha peanut field and
9-ha cotton field (each planted in May). Two weeks before cotton bolls appeared,
25 potted, greenhouse grown, flowering tropical milkweed plants/plot were
placed 1.2 m apart along a 1-m-wide strip of bare ground between the crops. On
eight days in August 2009, each milkweed plant was observed for 15 seconds/day
to record adult monarchs feeding on the flowers, and the presence of caterpillars
was noted.

A replicated, randomized, controlled study in 2007-2010 on 28 arable farms
in Wessex and East Anglia, UK (22) found that farms with enhanced agri-
environment scheme (AES) habitats, including wildflower strips, had a higher
abundance of some butterfly species than farms with simpler AES habitats. In
early summer, farms with enhanced AES habitats had a higher abundance of blue
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(Lycaenidae: 0.05 individuals/100 m) and white (Pieridae: 0.46 individuals/100
m) butterflies along boundaries than farms with Entry Level Scheme (ELS)
habitats (blues: 0.04; whites 0.21 individuals/100 m), but a lower abundance of
skippers (Hesperiidae) in the AES habitat itself (enhanced: 0.00; ELS: 0.02
individuals/100 m). In mid-summer, enhanced AES farms had a higher abundance
of white butterflies (0.69 individuals/100 m), but a lower abundance of brown
butterflies (Satyridae: 0.16 individuals/100 m) in the AES habitat, and a lower
abundance of blue butterflies (0.05 individuals/100 m) along boundaries than ELS
farms (whites: 0.38; browns: 0.49; blues: 0.11 individuals/100 m). In spring 2007,
twenty-four farms (12 in East Anglia and 12 in Wessex) were randomly assigned
to two treatments: 16 farms with enhanced AES habitat (1.5-6.0 ha of wildflower
strips, floristically-enhanced grass mixes, wild bird seed mixes and natural
regeneration by annual cultivation); and eight farms with ELS habitat (1.5-6.0 ha
of grass margins and game cover (usually maize)). Two additional ELS
farms/region, already managed organically with 1.5 ha of ELS habitat, were also
studied. From 2008-2010, butterflies were surveyed twice/year on 11 fixed 100-
m transects, in mid-May-mid-June and mid-July-early August. Eight transects/site
were located in AES habitat, and three transects/site were located on field
boundaries away from the AES habitat.

A replicated, controlled, before-and-after study in 2010-2015 at two arable
sites in Baden-Wiirttemberg, Germany (23) found that five years after starting to
sow wildflower strips butterfly species richness increased at one site, but not at
the other, compared to before sowing, and there was no difference in species
diversity between before and after sowing at either site. At one site there were
more butterfly species five years after sowing wildflower strips than before
sowing (maximum species after: 21; before: 10), and on average there were seven
more species in the areas sown with wildflowers than in areas not sown with
wildflowers. At the other site there were no differences. There were no differences
in species diversity between before and after sowing wildflowers in the areas that
had been sown at either site. From 2011-2015, mixtures of annual seeds were
sown in spring in strips distributed across 50 ha areas on two farms. From 2012-
2015 perennial and winter-hardy seeds were also sown in autumn. On each farm,
a 50 ha area with no wildflower sowing was also monitored as a control. From
2010-2015, butterflies were surveyed along 250 m transects in the most florally
diverse areas of the treatment and control areas (5 transects in the treatment
areas, 4 in the controls, in both farms). Each transect was surveyed twice daily on
five days between April and August each year.
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3.15. Plant wild bird seed or cover mixture

e Seven studies evaluated the effects of planting wild bird seed or cover mixture on
butterflies and moths. All seven were in the UK'-7.

COMMUNITY RESPONSE (4 STUDIES)

¢ Richness/diversity (4 studies): Two of three replicated, controlled studies (including
two randomized and one paired study) in the UK356 found that plots sown with wild bird
seed mixture had a greater species richness of butterflies than wheat crop3 or
extensively or conventionally managed grassland®. The other study found that land
managed under an agri-environment scheme, including wild bird seed plots, had a
similar species richness of butterflies to conventional farmlandS. One replicated,
randomized, controlled study in the UK* found that plots sown with lucerne had a greater
species richness of butterflies than plots sown with borage, chicory, sainfoin and fodder
radish.

POPULATION RESPONSE (7 STUDIES)

e Abundance (7 studies): Two replicated, controlled studies (including one randomized
study) in the UK35 found that plots sown with wild bird seed had a higher abundance of
butterflies than wheat crop3 or extensively or conventionally managed grasslandd, but
that caterpillar abundance was lower in wild bird seed plots than either grassland®. Two
replicated, site comparison studies in the UK"2 found that the abundance of butterfly and
moth caterpillars in wild bird seed plots was similar to a range of other cropped and non-
cropped farm habitats'-2. Two replicated, randomized, controlled studies (including one
paired study) in the UK8.7 found that farms with wild bird seed plots (along with other
agri-environment scheme options) had a higher abundance of some butterfliesé” and
micro-moths®, a similar abundance of macro-mothsé, but a lower abundance of other
butterflies’, than farms without agri-environment scheme management. One replicated,
randomized, controlled study in the UK* found that plots sown with lucerne and red clover
had a higher abundance of butterflies than plots sown with borage, chicory and sainfoin.

BEHAVIOUR (0 STUDIES)
Background

Wild bird seed mixtures are commonly sown as part of agri-environment schemes
aimed at restoring bird populations. Seed mixtures can contain a wide variety of
plants, predominantly annual species, and are therefore re-sown every one or two
years. Some commonly used plants may provide beneficial resources, in particular
nectar, to butterflies and moths.

Wild bird seed mixes are normally composed of annual plants, as opposed to
perennial species sown in nectar flower mixes (Pywell et al. 2008). For studies on
sowing these mixes, see “Plant nectar flower mixture/wildflower strips”.

Pywell R., Hulmes L., Meek W. & Nowakowski M. (2008) Creation and Management of Pollen and
Nectar Habitats on Farmland: Annual report 2007/8.

A replicated, site comparison study in 2000 on a lowland arable farm in
Leicestershire, UK (1, same experimental set-up as 2) found that wild bird cover
contained similar densities of caterpillars to in other field edge habitats. There was
no difference in caterpillar densities between habitat types (data not presented).
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Ten edge habitats (first-year wild bird cover, second-year wild bird cover, non-
rotational set-aside, beetle banks, brood cover, hedge bottoms, sheep-grazed
pasture edges, ungrazed pasture edges, grass/wire fence lines and winter wheat
headlands) were included in the study (sample size not given). Caterpillars were
sampled with a vacuum suction sampler in June 2000 (no further details provided).

A replicated, site comparison study in 1995-1999 on an arable farm in
Leicestershire, UK (2, same experimental set-up as 1) found that the abundance of
moth and butterfly caterpillars was similar in non-crop strips (wild bird cover or
grass beetle banks) and crop fields in most years. The abundance of moth and
butterfly caterpillars was similar in non-crop strips (0-1 individuals/sample) and
crop fields (0-1 individuals/sample) in four out of five years. In 1996, the
abundance of caterpillars was lower in non-crop strips (0.4 individuals/sample)
than in crop fields (0-2.2 individuals/sample). However, a composite group of key
‘chick food insects’ (including caterpillars) had higher densities in non-crop strips
(65 individuals/sample) than in crop fields (2-10 individuals/sample) in all years.
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
beetle banks (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 wild
bird cover strips or grass beetle banks, and 3-m into 3-4 pasture, 8-12 wheat, 6-
8 barley, 3-6 oilseed rape and 4 field bean fields. Two samples of 0.5 m?* were
taken in each habitat using a D-Vac suction sampler in June 1995-1999.

A replicated, controlled study in 2004-2005 on four arable farms in southern
England, UK (3) found that sown wild bird seed mix plots had a higher abundance
and species richness of butterflies than wheat crop. The abundance and species
richness of butterflies were higher in the wild bird mix plots than in the crop (data
not presented). In April 2004 and 2005, 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. Butterflies were counted in each patch in
summer 2005.

A replicated, randomized, controlled study in 2006-2007 on a farm in
Warwickshire, UK (4) found that butterfly abundance and species richness
differed between 10 plant species commonly sown in wild bird seed mixtures. In
2006, more butterflies were found in plots sown with lucerne Medicago sativa (6.3
individuals/plot) than plots sown with borage Borago officinalis (0.3
individuals/plot), chicory Cichorium intybus (0.8 individuals/plot) and sainfoin
Onobrychis viciifolia (0.8 individuals/plot). 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 species/plot). There was no significant difference in
abundance (1.0-3.3 individuals/plot) or species richness (1.0-2.8 species/plot)
between the other plant species. In 2007, red clover Trifolium pratense had a
higher abundance of butterflies (3.3 individuals/plot) than chicory (0.0
individuals/plot), but the abundance on all other plant species was similar (0.3-
2.3 individuals/plot) and there were no significant differences in species richness
(0.0-1.8 species/plot). In May 2006, ten small-seeded crop species commonly
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sown in wild bird seed mixtures (borage, buckwheat Fagopyrum esculentum,
crimson clover Trifolium incarnatum, fodder radish, linseed Linum usitatissimum,
lucerne, mustard Brassica juncea, phacelia Phacelia tanacetifolia, sunflower
Helianthus annuus and sweet clover Melilotus officinalis) and three perennial
species sown in pollen and nectar mixtures (chicory, red clover, sainfoin) were
sown individually in 6 x 4 m plots, replicated four times. Annual species were re-
sown May 2007. Butterflies were surveyed six times/year, from July-September
2006 and May-September 2007.

A replicated, randomized, controlled study in 2002-2006 on four lowland
farms in Devon and Somerset, UK (5) found that plots sown annually with mixes
including wild bird seed had a higher abundance and species richness of
butterflies, but a lower abundance of caterpillars, than grassland plots. In the first
two years, plots sown with wild bird seed mixes had a higher abundance (4-10
individuals/transect) and species richness (2-4 species/transect) of adult
butterflies than extensively (abundance: 3-5 individuals/transect; richness: 2
species/transect) or conventionally = managed (abundance: 1-2
individuals/transect; richness: 1 species/transect) grassland. However, there
were fewer caterpillars in the sown plots (0-3 caterpillars/transect) than the
extensively (1-8 caterpillars/transect) or conventionally managed (0-7
caterpillars/transect) grassland. In April 2002, experimental plots (50 x 10 m)
were established on permanent pastures (>5-years-old) on four farms. There
were nine treatments, with three replicates/farm. Two sown treatments
comprised a mix of six crops and four legumes, or barley Hordeum
vulgare undersown with seven grasses and five legumes. Two extensive grassland
treatments had minimal disturbance during summer and five conventional
grassland treatments included modifications to conventional silage management
(reducing fertilizer application, cutting and grazing). From June-September
2003-2006, butterflies were surveyed once/month on a 50-m transect through
the centre of each plot. In April, June, July and September 2003-2006, caterpillars
were counted (but not identified) on two 10-m transects/plot using a sweep net
(20 sweeps/transect).

A replicated, randomized, paired, controlled study in 2005-2011 on an arable
farm in Buckinghamshire, UK (6) found that land managed under an agri-
environment scheme, including sowing wild bird seed mixtures, had a higher
abundance, but not species richness, of butterflies and micro-moths than
conventional farming, but there was no difference in abundance or species
richness of other moths. Butterfly abundance was higher under enhanced Entry-
Level Stewardship (ELS) (5,400 individuals/60 ha) and standard ELS (2,000
individuals/60 ha) than under conventional farming (1,400 individuals/60 ha).
Micro-moth abundance was also higher under enhanced ELS (79 individuals) than
standard ELS (32 individuals) or conventional farming (20 individuals). However,
the abundance of macro-moths and threatened moths was similar under
enhanced ELS (macro: 126; threatened: 6 individuals), standard ELS (macro: 79;
threatened: 5 individuals) and conventional farming (macro: 79; threatened: 6
individuals). Species richness of all groups was similar under enhanced ELS
(macro: 20; micro: 11; threatened: 3 species), standard ELS (macro: 20; micro: 8;
threatened: 2 species) and conventional farming (macro: 18; micro: 5; threatened:
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2 species) (butterfly data not presented). In 2005, a 1,000-ha farm was divided
into five 180-ha blocks. Three 60-ha areas/block were assigned to three
treatments: enhanced ELS (5% land removed from production, three 0.5-ha
winter bird food patches sown); standard ELS (1% land removed from production,
one 0.25-ha winter bird food patch sown); conventional farming (no winter bird
food patches) (see paper for other details). From May-August 2006-2011,
butterflies were recorded four times/year on one 50-m transect/60-ha area,
passing through all available habitats. In late-May 2007-2011 and late-July 2006-
2011 moths were surveyed using Robinson light traps. One block was
surveyed/night, with one trap/treatment.

A replicated, randomized, controlled study in 2007-2010 on 28 arable farms
in Wessex and East Anglia, UK (7) found that farms with enhanced agri-
environment scheme (AES) habitats, including areas of wild bird seed mixture,
had a higher abundance of some butterfly species than farms with simpler AES
habitats. In early summer, farms with enhanced AES habitats had a higher
abundance of blue (Lycaenidae: 0.05 individuals/100 m) and white (Pieridae: 0.46
individuals/100 m) butterflies along boundaries than farms with Entry Level
Scheme (ELS) habitats (blues: 0.04; whites 0.21 individuals/100 m), but a lower
abundance of skippers (Hesperiidae) in the AES habitat itself (enhanced: 0.00;
ELS: 0.02 individuals/100 m). In mid-summer, enhanced AES farms had a higher
abundance of white butterflies (0.69 individuals/100 m), but a lower abundance
of brown butterflies (Satyridae: 0.16 individuals/100 m) in the AES habitat, and a
lower abundance of blue butterflies (0.05 individuals/100 m) along boundaries
than ELS farms (whites: 0.38; browns: 0.49; blues: 0.11 individuals/100 m). In
spring 2007, twenty-four farms (12 in East Anglia and 12 in Wessex) were
randomly assigned to two treatments: 16 farms with enhanced AES habitat (1.5-
6.0 ha of wild bird seed mixes, floristically-enhanced grass mixes, wildflower
strips and natural regeneration by annual cultivation); and eight farms with ELS
habitat (1.5-6.0 ha of grass margins and game cover (usually maize)). Two
additional ELS farms/region, already managed organically with 1.5 ha of ELS
habitat, were also studied. From 2008-2010, butterflies were surveyed
twice/year on 11 fixed 100-m transects, in mid-May-mid-June and mid-July-early
August. Eight transects/site were located in AES habitat, and three transects/site
were located on field boundaries away from the AES habitat.

(1) Moreby S.J. (2002) Permanent and temporary linear habitats as food sources for the
young of farmland birds. Pages 327-332 in: D.E. Chamberlain (ed.) Avian Landscape
Ecology: Pure and Applied Issues in the Large-Scale Ecology of Birds. International
Association for Landscape Ecology (IALE(UK)), Aberdeen.

(2) Moreby S.J. & Southway S. (2002) Cropping and year effects on the availability of
invertebrate groups important in the diet of nestling farmland birds. Aspects of Applied
Biology, 67, 107-112.

(3) Pywell R.F, Shaw L., Meek W., Turk A., Shore R.F. & Nowakowski M. (2007) Do wild bird
seed mixtures benefit other taxa? Aspects of Applied Biology, 81, 69-76.

(4) Pywell R, Hulmes L., Meek W. & Nowakowski M. (2008) Creation and Management of
Pollen and Nectar Habitats on Farmland: Annual report 2007/8.

(5) Potts S.G., Woodcock B.A,, Roberts S.P.M., Tscheulin T., Pilgrim E.S., Brown V.K. &
Tallowin J.R. (2009) Enhancing pollinator biodiversity in intensive grasslands. Journal of
Applied Ecology, 46, 369-379.

(6) Heard M.S., Botham M., Broughton R., Carvell C., Hinsley S., Woodcock B., Pywell R.F.,
Amy S., Bellamy P.E., Hill R.A.,, Hulmes S., Hulmes L., Meek W.R., Nowakowski M., Peyton
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], Redhead ].W., Shore R.F. & Turk A. (2011) Quantifying the effects of Entry Level
Stewardship (ELS) on biodiversity at the farm scale: the Hillesden Experiment. Natural
England report, RP00026.

(7) Holland J.M., Smith B.M,, Storkey ]., Lutman P.].W. & Aebischer N.J. (2015) Managing
habitats on English farmland for insect pollinator conservation. Biological Conservation,
182,215-222.

3.16. Leave uncropped, cultivated margins or plots

o Four studies evaluated the effects of leaving uncropped, cultivated margins or plots on
butterflies and moths. Three were in the UK'23 and one was in Switzerland.

COMMUNITY RESPONSE (3 STUDIES)

¢ Richness/diversity (3 studies): Two of three replicated studies (including one
randomized, paired, controlled study, one replicated, randomized, site comparison
study, and one site comparison study) in the UK'2 and Switzerland* found that farms
managed under agri-environment schemes?, or with a greater area of in-field agri-
environment scheme options?, both including uncropped cultivated margins, had a
similar species richness of butterflies24 and moths? to conventional farms2 or farms with
a smaller area of in-field options?. The other study found that fields with wider margins
between crops had higher butterfly species richness in one of two years®.

POPULATION RESPONSE (4 STUDIES)

e Abundance (4 studies): One replicated, randomized, site comparison study in the UK
found that fields with wider margins between crops had a higher abundance of butterflies
in one of two years!. One replicated, randomized, paired, controlled study in the UK2
found that farms managed under agri-environment schemes (AES), including uncropped
cultivated margins, had a higher abundance of butterflies and micro-moths, but a similar
abundance of other moths, compared to conventionally managed farms. One replicated,
randomized, controlled study in the UK3 found that farms managed with enhanced AES
options, including uncropped, cultivated margins, had a higher abundance of some
butterflies, but a lower abundance of other butterflies, than farms with simpler AES
management. One replicated, site comparison study in Switzerland* found that farms
with a larger area of in-field AES options, including uncropped, cultivated plots, had a
similar abundance of butterflies to farms with a smaller area of in-field AES options.

BEHAVIOUR (0 STUDIES)
Background

On intensively farmed land, crop monocultures typically flower in unison, and
provide little variation in the vegetation structure. Uncropped, cultivated margins
or plots are typically designed to benefit birds, however they may provide
resources for butterflies and moths by increasing the structural diversity of the
landscape, and allowing nectar-rich agricultural plants, which are typically
considered as weeds, to grow around and among the crop.

A replicated, randomized, site comparison study in 1986 and 1991 at a
farmland and grassland site in Cambridgeshire, UK (1) found that butterfly
abundance and species richness were higher in fields with wider margins between
crops in one year but there was no difference in the other year. In 1986, but not in
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1991, there was higher butterfly abundance and richness in fields where margins
between crops were wider (data presented as statistical results). See paper for
details of the effects on individual butterfly species. From May-September in 1986
and 1991, butterflies were surveyed up to once/month in fine weather on ninety-
nine 200 m transects along margins between fields of any combination of arable
farmland and grassland. Each transect was surveyed 2-4 times in both years.
Margin width was measured in both years.

Areplicated, randomized, paired, controlled study in 2005-2011 on an arable
farm in Buckinghamshire, UK (2) found that land managed under an agri-
environment scheme, including uncropped cultivated margins, had a higher
abundance, but not species richness, of butterflies and micro-moths than
conventional farming, but there was no difference in abundance or species
richness of other moths. Butterfly abundance was higher under enhanced Entry-
Level Stewardship (ELS) (5,400 individuals/60 ha) and standard ELS (2,000
individuals/60 ha) than under conventional farming (1,400 individuals/60 ha).
Micro-moth abundance was also higher under enhanced ELS (79 individuals) than
standard ELS (32 individuals) or conventional farming (20 individuals). However,
the abundance of macro-moths and threatened moths was similar under
enhanced ELS (macro: 126; threatened: 6 individuals), standard ELS (macro: 79;
threatened: 5 individuals) and conventional farming (macro: 79; threatened: 6
individuals). Species richness of all groups was similar under enhanced ELS
(macro: 20; micro: 11; threatened: 3 species), standard ELS (macro: 20; micro: 8;
threatened: 2 species) and conventional farming (macro: 18; micro: 5; threatened:
2 species) (butterfly data not presented). In 2005, a 1,000-ha farm was divided
into five 180-ha blocks. Three 60-ha areas/block were assigned to three
treatments: enhanced ELS (5% land removed from production, annually
cultivated uncropped margins); standard ELS (1% land removed from
production); conventional farming (see paper for other details). From May-
August 2006-2011, butterflies were recorded four times/year on one 50-m
transect/60-ha area, passing through all available habitats. In late-May 2007-
2011 and late-July 2006-2011 moths were surveyed using Robinson light traps.
One block was surveyed /night, with one trap/treatment.

A replicated, randomized, controlled study in 2007-2010 on 28 arable farms
in Wessex and East Anglia, UK (3) found that farms with enhanced agri-
environment scheme (AES) habitats, including naturally-regenerating margins,
had a higher abundance of some butterfly species than farms with simpler AES
habitats. In early summer, farms with enhanced AES habitats had a higher
abundance of blue (Lycaenidae: 0.05 individuals/100 m) and white (Pieridae: 0.46
individuals/100 m) butterflies along boundaries than farms with Entry-Level
Scheme (ELS) habitats (blues: 0.04; whites 0.21 individuals/100 m), but a lower
abundance of skippers (Hesperiidae) in the AES habitat itself (enhanced: 0.00;
ELS: 0.02 individuals/100 m). In mid-summer, enhanced AES farms had a higher
abundance of white butterflies (0.69 individuals/100 m), but a lower abundance
of brown butterflies (Satyridae: 0.16 individuals/100 m) in the AES habitat, and a
lower abundance of blue butterflies (0.05 individuals/100 m) along boundaries
than ELS farms (whites: 0.38; browns: 0.49; blues: 0.11 individuals/100 m). In
spring 2007, twenty-four farms (12 in East Anglia and 12 in Wessex) were
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randomly assigned to two treatments: 16 farms with enhanced AES habitat (1.5-
6.0 ha of natural regeneration by annual cultivation, floristically-enhanced grass
mixes, wildflower strips and wild bird seed mixes); and eight farms with ELS
habitat (1.5-6.0 ha of grass margins and game cover (usually maize)). Two
additional ELS farms/region, already managed organically with 1.5 ha of ELS
habitat, were also studied. From 2008-2010, butterflies were surveyed
twice/year on 11 fixed 100-m transects, in mid-May-mid-June and mid-July-early
August. Eight transects/site were located in AES habitat, and three transects/site
were located on field boundaries away from the AES habitat.

A replicated, site comparison study in 2009-2011 in 133 mixed farms in the
Central Plateau, Switzerland (4) found that farms with more in-field agri-
environment scheme (AES) options, including uncropped, cultivated plots, had a
similar abundance and species richness of butterflies to farms with fewer (AES)
options. Both the abundance and species richness of butterflies on farms with a
larger area of in-field AES options was similar to farms with smaller areas of in-
field AES options (data presented as model results). A total of 133 farms (17-34
ha, 13-91% arable crops) were managed with in-field AES options, including
undrilled patches in crops, wide-spaced rows, cover crops, undersown cereals, use
of bar mowers, staggered mowing, no silage and no chemical inputs. Fields
without chemical inputs contributed about half of the area of AES options, on
average. From May-September 2009-2011, butterflies were surveyed six times
on 10-38 transects/farm, totalling 2,500 m/farm. Each transect ran diagonally
through a single crop or habitat type, with all available crops and habitats
represented. All visits to a farm were completed in a single year, and the species
richness was summed across all visits. Total abundance of butterflies was
calculated from the number recorded in each habitat, and the availability of each
habitat across the farm.

(1) Sparks T. H. & Parish T. (1995) Factors affecting the abundance of butterflies in field
boundaries in Swavesey fens, Cambridgeshire, UK. Biological Conservation, 73(3), 221-
227.

(2) Heard M.S., Botham M., Broughton R., Carvell C., Hinsley S., Woodcock B., Pywell R.F.,
Amy S., Bellamy P.E., Hill R.A,, Hulmes S., Hulmes L., Meek W.R., Nowakowski M., Peyton
], Redhead ].W,, Shore R.F. & Turk A. (2011) Quantifying the effects of Entry Level
Stewardship (ELS) on biodiversity at the farm scale: the Hillesden Experiment. Natural
England report, RP00026.

(3) Holland ]J.M., Smith B.M., Storkey ]., Lutman P.].W. & Aebischer N.J. (2015) Managing
habitats on English farmland for insect pollinator conservation. Biological Conservation,
182,215-222.

(4) StoeckliS., Birrer S., Zellweger-Fischer ]., Balmer O., Jenny M. & Pfiffner L. (2017)
Quantifying the extent to which farmers can influence biodiversity on their farms.
Agriculture, Ecosystems & Environment, 237, 224-233.

3.17. Leave unharvested crop headlands within arable
fields

e One study evaluated the effects of leaving unharvested crop headlands within arable
fields. This study was in France.

COMMUNITY RESPONSE (1 STUDY)
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¢ Richnessl/diversity (1 study): One replicated, paired, site comparison study in France'
found that unharvested alfalfa headlands had a greater species richness of butterflies
than harvested alfalfa or wheat fields.

POPULATION RESPONSE (1 STUDY)

o Abundance (1 study): One replicated, paired, site comparison study in France' found
that unharvested alfalfa headlands had a higher abundance of butterflies than harvested
alfalfa or wheat fields.

BEHAVIOUR (0 STUDIES)
Background

Harvesting crops creates a dramatic change in the farmed landscape, by suddenly
and simultaneously removing plants, which may be providing nectar resources to
butterflies and moths, from a large area. Even if butterflies and moths are not
using the crop itself, harvesting disturbs the structure of the field, and may cause
mortality of caterpillars living on other plant species within or around the crop.
Leaving unharvested strips, known as headlands, at the edge of fields may provide
both shelter and a continued resource availability to butterflies and moths.

A replicated, paired, site comparison study in 2009-2010 on 24 farms in
Champagne-Ardennes and Haute-Normandie, France (1) found that unharvested
alfalfa Medicago sativa headlands had a higher abundance and species richness of
butterflies than harvested alfalfa or wheat Triticum spp. fields. In unharvested
strips of alfalfa, the abundance (53 individuals/transect) and species richness (4
species/transect) of butterflies was higher than in harvested alfalfa (abundance:
12-15 individuals/transect; richness: 2-3 species/transect) or in conventional
wheat fields (abundance: 3-6 individuals/transect; richness: 1-2
species/transect). See paper for individual species results. On each of 24 farms,
one alfalfa field was harvested conventionally 4-5 times/year, one alfalfa field had
a rotational 7-m strip left unmown during each harvest, and one winter wheat
field was managed conventionally. From May-September 2009-2010, butterflies
were surveyed visually five times/year on two 200-400-m transects in each field
(15-17 farms surveyed/year).

(1) Manil L. & Chagué J. (2014) Differentiated management of alfalfa fields: a positive impact
on butterfly populations (Lepidoptera: Rhopalocera). Revue d'écologie, 69, 101-111.

3.18. Plant crops in spring rather than autumn
o We found no studies that evaluated the effects on butterflies and moths of planting crops
in spring rather than autumn.

‘We found no studies’ means that we have not yet found any studies that have directly evaluated this
intervention during our systematic journal and report searches. Therefore, we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background
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Sowing crops in autumn is commonly used to advance the harvest, as the crop
begins to grow when sown and then overwinters as small plants in the ground.
However, this head-start means that the crop flowers earlier, and may be too early
to be beneficial for butterflies and moths. In addition, the disturbance to the
previous year’s stubble in autumn may kill butterflies and moths of any life-stage
which are overwintering within the harvested crop. Planting crops in spring may,
therefore, mitigate these impacts.

3.19. Undersow spring cereals, with clover for example

e Two studies evaluated the effects on butterflies and moths of undersowing spring
cereals. One study was in the UK' and one was in Switzerland?.

COMMUNITY RESPONSE (2 STUDIES)

¢ Richness/diversity (2 studies): One replicated, randomized, controlled study in the
UK found that spring barley undersown with a mix of grasses and legumes had a higher
species richness of butterflies than extensively or conventionally managed grassland.
One replicated, site comparison study in Switzerland? found that farms with a larger area
of in-field agri-environment scheme options, including undersown cereals, had a similar
species richness of butterflies to farms with a smaller area of in-field agri-environment
scheme options.

POPULATION RESPONSE (2 STUDIES)

e Abundance (2 studies): One replicated, randomized, controlled study in the UK' found
that spring barley undersown with a mix of grasses and legumes had a higher abundance
of butterflies, but a lower abundance of caterpillars, than extensively or conventionally
managed grassland. One replicated, site comparison study in Switzerland2 found that
farms with a larger area of in-field agri-environment scheme options, including
undersown cereals, had a similar abundance of butterflies to farms with a smaller area
of in-field agri-environment scheme options.

BEHAVIOUR (0 STUDIES)
Background

Undersowing cereals with plants such as clover, which are able to fix nitrogen in
the soil, is commonly used in agri-environment schemes to reduce the need to
apply artificial fertilizer. However, these plants may also provide an important
source of nectar for butterflies and moths, which could improve the value of arable
land for butterfly and moth populations.

A replicated, randomized, controlled study in 2002-2006 on four lowland
farms in Devon and Somerset, UK (1) found that annually sown plots of spring
barley Hordeum vulgare undersown with a mix of grasses and legumes had a
higher abundance and species richness of butterflies, but a lower abundance of
caterpillars, than grassland plots. In the first two years, undersown plots had a
higher abundance (4-6 individuals/transect) and species richness (2-4
species/transect) of adult butterflies than extensively (abundance: 3-5
individuals/transect; richness: 2 species/transect) or conventionally managed
(abundance: 1-2 individuals/transect; richness: 1 species/transect) grassland.
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However, there were fewer caterpillars in the sown plots (0-3
caterpillars/transect) than the extensively (1-8 caterpillars/transect) or
conventionally managed (0-7 caterpillars/transect) grassland. In April 2002,
experimental plots (50 x 10 m) were established on permanent pastures (>5-
years-old) on four farms. There were eight treatments, with three replicates/farm.
The sown treatment comprised barley undersown with seven grasses and five
legumes. Two extensive grassland treatments had minimal disturbance during
summer and five conventional grassland treatments included modifications to
conventional silage management (reducing fertilizer application, cutting and
grazing). From June-September 2003-2006, butterflies were surveyed
once/month on a 50-m transect through the centre of each plot. In April, June, July
and September 2003-2006, caterpillars were counted (but not identified) on two
10-m transects/plot using a sweep net (20 sweeps/transect).

A replicated, site comparison study in 2009-2011 in 133 mixed farms in the
Central Plateau, Switzerland (2) found that farms with more in-field agri-
environment scheme (AES) options, including undersown cereals, had a similar
abundance and species richness of butterflies to farms with fewer (AES) options.
Both the abundance and species richness of butterflies on farms with a larger area
of in-field AES options was similar to farms with smaller areas of in-field AES
options (data presented as model results). A total of 133 farms (17-34 ha, 13-91%
arable crops) were managed with in-field AES options, including undersown
cereals, undrilled patches in crops, wide-spaced rows, cover crops, use of bar
mowers, staggered mowing, no silage and no chemical inputs. Fields without
chemical inputs contributed about half of the area of AES options, on average.
From May-September 2009-2011, butterflies were surveyed six times on 10-38
transects/farm, totalling 2,500 m/farm. Each transect ran diagonally through a
single crop or habitat type, with all available crops and habitats represented. All
visits to a farm were completed in a single year, and the species richness was
summed across all visits. Total abundance of butterflies was calculated from the
number recorded in each habitat, and the availability of each habitat across the
farm.

(1) Potts S.G., Woodcock B.A,, Roberts S.P.M., Tscheulin T., Pilgrim E.S., Brown V.K. &
Tallowin J.R. (2009) Enhancing pollinator biodiversity in intensive grasslands. Journal of
Applied Ecology, 46, 369-379.

(2) StoeckliS., Birrer S., Zellweger-Fischer |., Balmer O., Jenny M. & Pfiffner L. (2017)
Quantifying the extent to which farmers can influence biodiversity on their farms.
Agriculture, Ecosystems & Environment, 237, 224-233.

3.20. Restore arable land to permanent grassland

e Ten studies evaluated the effects on butterflies and moths of restoring arable land to
permanent grassland. Six studies were in the UK2-589, two were in Finland87, and one
was in each of Switzerland! and Taiwan'0.

COMMUNITY RESPONSE (9 STUDIES)

e Community composition (2 studies): One of two replicated, site comparison studies
in the UK* and Finland” found that grasslands restored from bare soil by seeding
developed butterfly communities that were increasingly similar to existing high-quality
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grasslands over the first 10 years after establishment. The other study found that older
grasslands established by sowing with competitive seed mixes had a greater proportion
of specialist butterflies than newer grasslands sown with less competitive species which
required re-seeding every 4-5 years’.

¢ Richness/diversity (8 studies): Three replicated, site comparison studies (including
two paired studies) in Switzerland', the UK® and Taiwan'® found that 4-5-year-old
created grasslands'3 and abandoned cropland'® had a greater species richness of
butterflies’%, burnet moths! and all moths3 than conventionally managed grassland'3 or
cultivated farms10. Two of three replicated studies (including one randomized, paired,
controlled study and two site comparison studies) in the UK®># and Finland® found that
grasslands established by sowing grasses, legumes and other non-woody, broadleaved
plants (forbs)?, or perennial grass mixes®, had a higher species richness of butterflies (in
one case including other pollinators®) than grasslands established with grass-only mixes®
or less competitive species®. The third study found that grasslands established by sowing
complex or simple seed mixes, or by natural regeneration, all had a similar species
richness of butterflies and day-flying moths, but species richness was higher on
grasslands created <10 years ago than on grasslands created >20 years ago®. One
before-and-after study in the UK? found that after the adoption of an Environmentally
Sensitive Areas scheme, including reverting arable land to permanent grassland, the
species richness of large moths on a farm increased. One replicated, site comparison
study in the UK* found that over 10 years after restoration, the number of species of
butterfly on seeded grassland remained similar each year.

POPULATION RESPONSE (7 STUDIES)

e Abundance (7 studies): Two of three replicated, paired, site comparison studies in the
UK32 and Taiwan'? found that restored grassland had a higher abundance of moths than
conventional grassland? or unrestored crop fields®?, and a similar abundance to semi-
natural grasslands®, but abundance did not increase with time since restoration®. The
third study found that abandoned cropland had a similar abundance of butterflies to
cultivated farms10. Two of three replicated studies (including one randomized, paired,
controlled study and two site comparison studies) in the UK># and Finland® found that
grasslands established by sowing grasses, legumes and other non-woody, broadleaved
plants (forbs)®, or perennial grass mixes®, had a higher abundance of butterflies (in one
case including other pollinators®) than grasslands established with grass-only mixes® or
less competitive speciest. The third study found that grasslands restored by sowing
complex or simple seed mixes, or by natural regeneration, all had a similar abundance
of caterpillars®. One before-and-after study in the UK? found that after the adoption of an
Environmentally Sensitive Areas scheme on a farm, including reverting arable land to
permanent grassland, the abundance of large moths and five species of butterfly
increased, but the abundance of two species of butterfly decreased.

BEHAVIOUR (0 STUDIES)
Background

Large areas of grassland have been converted to arable land, leading to a loss of
grassland-dependent species. Meadows can support a higher abundance and
species richness of butterflies than arable land (Luppi et al. 2018). Restoring
arable land to permanent grassland may recreate communities of invertebrates
similar to those historically found in an area (Denning & Foster 2018).
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For studies of short-term or rotational set-aside, see “Provide or retain set-aside
areas in farmland”. For studies on the restoration of species-rich grassland from
intensively managed grassland, see “Reduce management intensity on permanent

»n u

grasslands (several interventions at once)”, “Reduce grazing intensity on grassland
by reducing stocking density”, “Reduce grazing intensity on grassland by seasonal
removal of livestock” and “Reduce cutting frequency on grassland”. For studies on
the restoration of abandoned grassland, see “Restore or create species-rich, semi-
natural grassland”. For studies on grassland restoration outside of a farmland
context, see “Habitat restoration and creation - Restore or create

grassland/savannas”.

Denning K.R. & Foster B.L. (2018) Flower visitor communities are similar on remnant and
reconstructed tallgrass prairies despite forb community differences. Restoration Ecology, 26, 751~
759.

Luppi M., Dondina 0., Orioli V. & Bani L. (2018) Local and landscape drivers of butterfly richness
and abundance in a human-dominated area. Agriculture, Ecosystems & Environment, 254, 138-148.

A replicated, site comparison study in 1999 on three mixed farms in central
Switzerland (1) reported that 4-5-year-old flower-rich meadows created on set-
aside land had a higher species richness of butterflies and burnet moths than
intensively managed meadows, pasture or arable land, and similar species
richness to traditionally managed meadows. Results were not tested for statistical
significance. Recently created meadows had approximately 14 species of
butterflies and burnet moths, compared to 5-7 species in intensively managed
meadows or pasture, 10-12 species on traditional meadows, and 1 species in
arable fields (data presented for only one farm). Authors reported that adult
butterfly abundance was positively correlated with the number of flowers, and up
to 98% of flower visits were recorded on only five plant species. In 1994-1995,
species-rich grassland was created across 2-6% of the farmed area on three mixed
farms (10-25 ha). From May-September 1999, butterflies were surveyed seven
times along fixed 10-m-long transects through each habitat type on each farm.

A before-and-after study in 1994-2006 on a farm in Oxfordshire, UK (2) found
that following adoption of the Environmentally Sensitive Areas scheme, including
reverting arable land to permanent grassland, the abundance and species richness
of large moths and some species of butterfly increased. After Environmentally
Sensitive Area management began, the total abundance (1,000-1,450 individuals)
and species richness of large moth species was higher than before (800-1,250
individuals, richness data not presented). One of the five most abundant moth
species (lunar underwing Omphaloscelis lunosa) and five of 23 butterfly species
(meadow brown Maniola jurtina, brown argus Aricia agestis, common blue
Polyommatus icarus, small copper Lycaena phlaeas and red admiral Vanessa
atalanta) increased in abundance after the change in management. However, two
butterfly species became less abundant (green-veined white Pieris napi and large
white Pieris brassicae, data presented as model results). Overall butterfly
abundance and species richness increased over the entire monitoring period, but
the increase did not just happen after the management change. In 2002, the farm
entered the Environmentally Sensitive Areas agri-environment scheme, and 102
ha of arable land was reverted to extensive grassland. In addition, fertilizers,
herbicides and pesticides were no longer used, and the total number of livestock
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dropped from 180 cows and 1,000 sheep to 120 cows and 850 sheep. Butterflies
were monitored weekly from April-September on a fixed 3.6 km transect divided
into 13 sections. Moths were monitored nightly from dusk to dawn using a light
trap in a fixed position in the middle of the farm.

A replicated, paired, site comparison study in 2008 on 32 farms in central
Scotland, UK (3) found that species-rich grassland created under agri-
environment schemes (AES) had a higher abundance and species richness of
micro- and macro-moths than conventionally-managed grassland or crop fields.
In created AES species-rich grasslands, the abundance (156 individuals) and
species richness (24 species) of micro-moths, the species richness of all macro-
moths (46 species), and the abundance of declining macro-moths (44 individuals)
were all higher than in improved grasslands or crop fields on conventional farms
(micro-moths: 43 individuals, 19 species; all macro-moths: 33 species; declining
macro-moths: 21 individuals). However, the abundance of all macro-moths (366
individuals) and species richness of declining macro-moths (10 species) on
created AES species-rich grasslands was not significantly different from improved
grasslands or crop fields (all macro-moths: 271 individuals; declining macro-
moths: 9 species). In 2004, sixteen farms enrolled in AES, and were paired with 16
similar but conventionally-managed farms, <8 km away. On AES farms, species-
rich grassland was created on former arable or improved grassland fields by
sowing a low productivity grass and herb seed mix, and managed with fertilizer
and pesticide restrictions, and no summer cutting or grazing. Improved pastures
and crop fields on conventional farms had no management restrictions. From
June-September 2008, moths were collected for four hours, on one night/farm,
using a 6 W heath light trap located in one field on each farm. Paired farms were
surveyed on the same night.

A replicated, site comparison study (years not given) in 10 grasslands in
England, UK (4) found that grasslands restored from bare soil by seeding
developed butterfly communities increasingly similar to existing high-quality
grasslands over the first 10 years after establishment, but the number of species
present remained similar. The butterfly communities on grasslands restored by
arable reversion were more similar to those on existing grasslands 10-21 years
after restoration (42-84% similarity) than one year after restoration (0-33%
similarity). However, the number of butterfly species recorded each year on arable
reversion sites (~12 species/year) remained similar over time. Four grasslands
were restored from bare soil by sowing grassland seed mixes. Three of the sites
(two former arable fields and one abandoned road covered with top soil) were
then managed by sheep-grazing to produce calcareous grassland, while the fourth
site (ex-landfill covered with topsoil) was cut annually and grazed by sheep or
cattle to produce a lowland hay meadow. Six high-quality grasslands (three
calcareous grasslands and three hay meadows) were used for comparison. From
April-September each year, butterflies were surveyed weekly on a ~2 km transect
at each site for 9-21 years after restoration.

A replicated, randomized, paired, controlled study in 2008-2012 on a farm in
Berkshire, UK (5) found that grasslands established with seed mixes containing
legumes and other non-woody, broadleaved plants (forbs) had a higher
abundance and species richness of pollinators (including butterflies) than
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grasslands sown only with grasses. Plots sown with a mix of grasses, legumes and
forbs had a higher abundance (9-70 individuals/plot) and species richness (3-7
species/plot) of pollinators over four years than plots sown with grasses only
(abundance: 0-3 individuals/plot; richness: 0-2 species/plot). In the first year
after establishment, plots sown with grasses and legumes but no forbs had the
highest abundance (15-91 individuals/plot) and species richness (5-8
species/plot) of pollinators, but this decreased over time (fourth-year abundance:
3-8 individuals/plot; richness: 2-3 species/plot). Grass and legume plots
managed by cutting had a higher abundance (6-91 individuals/plot) and species
richness (3-8 species/plot) of pollinators than plots managed by grazing
(abundance: 3-33 individuals/plot; richness: 2-5 species/plot). Management had
less effect on other seed mixes. In spring 2008, ninety-six 875-m? plots were sown
with one of three seed mixes: a “grass only” mix of five species (30 kg/ha, cost:
€83 /ha); a “grass and legume” mix of five grasses and seven agricultural legumes
(34 kg/ha, €120/ha); or a “grass, legume and forb” mix of five grasses, seven
legumes and six non-legume forbs (33.5 kg/ha, €190/ha). Half of the plots were
grazed with cattle (3 animals/ha) and half were cut to 10 cm once or twice/year.
In May, July and August 2009-2012, butterflies, bees (Apidae) and hoverflies
(Syrphidae) were surveyed three times/year on two parallel 20 X 2 m
transects/plot.

A replicated, site comparison study in 2013 in 40 grasslands in southern
Finland (6, same experimental set-up as 7) found that long-term restored
grassland fallows had a greater abundance and species richness of butterflies than
recently established meadow fallows. In =8-year-old sown grasslands, the
abundance (55-85 individuals/site) and species richness (7-12 species/site) of
butterflies was higher than in 3-4-year-old sown meadows (abundance: 34-52
individuals/site; richness: 7 species/site). Forty fallow grasslands (0.3-5.8 ha)
established under the Finnish Environmental Fallow agri-environment scheme
were selected. Twenty long-term grassland fallows (=8 years old) were either
former set-aside areas or production grasslands, originally established by sowing
conventional, competitive, perennial grassland mixtures. Twenty short-term
meadow fallows (3-4 years old) were established by sowing low competitive
meadow plants (see paper for details), which required re-establishment every 4-
5 years. All sites were mown at least every three years, and no pesticides or
fertilizers were applied. From June-July 2013, butterflies were surveyed four
times (two weeks apart) along a 200-m transect in each fallow.

A replicated, site comparison study in 2013 in 40 grasslands in southern
Finland (7, same experimental set-up as 6) found that long-term restored
grassland fallows had more specialist butterflies than recently established
meadow fallows. In 28-year-old grasslands, the relative abundance of habitat
specialist butterflies was higher than in 3-4-year-old meadows (data presented as
model results). Four species (large skipper Ochlodes sylvanus, Essex skipper
Thymelicus lineola, lesser marbled fritillary Brenthis ino, mazarine blue
Polyommatus semiargus) were strongly associated with >8-year-old grasslands,
while no species was strongly associated with 3-4-year-old meadows. Forty
fallow grasslands (0.3-5.8 ha) established under the Finnish Environmental
Fallow agri-environment scheme were selected. Twenty long-term grassland
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fallows (=8 years old) were either former set-aside areas or production grasslands,
originally established by sowing conventional, competitive, perennial grassland
mixtures. Twenty short-term meadow fallows (3-4 years old) were established by
sowing low competitive meadow plants (see paper for details). All sites were
mown at least every three years, and no pesticides or fertilizers were applied.
From June-July 2013, butterflies were surveyed four times (two weeks apart)
along a 200-m transect in each fallow.

A replicated, site comparison study in 2014 on 52 fields in arable reversion in
southern England, UK (8) found that neither the method of restoring arable land
to permanent grassland, nor current management of the field, affected adult
butterfly and day-flying moth species richness or caterpillar abundance, but
species richness of adult butterflies was lower in fields restored longer ago. One
to 30 years after arable reversion began, butterfly species richness and caterpillar
abundance were similar on fields established by sowing complex or simple seed
mixes, or by allowing natural regeneration, and on fields managed by sheep or
cattle grazing, and with or without mowing (data not presented). The species
richness of adult butterflies was lower on arable reversion fields >20 years old (0-
6 species/site) than fields <10 years old (1-8 species/site), but caterpillar
abundance was similar (data not presented). Between 1984-2013, restoration of
52 former arable fields (1.0-22.8 ha) to calcareous grasslands began. Fields were
restored by natural regeneration, re-seeding with simple grass or complex grass
and non-woody broadleaved plant (forb) mixes, or by spreading green hay. Fields
were cut every 1-4 years (normally after 15 July) and lightly grazed (typically 1
livestock unit/ha) by sheep or cattle, with some fields ungrazed. From July-August
2014, adult butterflies and day-flying moths were surveyed twice/day on three
days, and caterpillars were sampled by 20 sweeps/day of a net, along a 100-m
transect at each site.

A replicated, paired, site comparison study in 2015 on 22 farms in Berkshire,
Hampshire and Wiltshire, UK (9) found that restored grassland supported a higher
abundance of moths than unrestored arable fields, and was similar to semi-natural
grassland sites. Three to 20 years after restoration, the abundance of moths
associated with calcareous grassland (6.3 individuals/trap) and other grassland
(49.6 individuals/trap) on restored fields were higher than on arable fields
(calcareous: 0.8; other: 14.6 individuals/trap), and similar to semi-natural
grassland (calcareous: 7.2; other: 38.3 individuals/trap). The abundance of moths
associated with other habitats was higher on restored (25.5 individuals/trap)
than unrestored fields (15.3 individuals/trap), but lower than on semi-natural
grassland sites (57.9 individuals/trap). Results for species occurrence were
similar (data not presented). However, neither moth abundance nor occurrence
increased with time since restoration (data not presented). Over 3-20 years, 32
former arable fields (2.6-37.5 ha) on 22 farms were restored to species-rich
grassland by either natural regeneration or sowing of wildflowers. All were cut or
grazed at least once/year. Thirty-two paired, arable fields (2.2-49.3 ha) were
unrestored, and eight semi-natural calcareous grasslands were used for
comparison. On 21 nights between June-September 2015, moths were surveyed
twice/site (2-4 restored-unrestored pairs/night, with a comparison site on >50%
of nights) using one 15 W light trap in the centre of each field. Moths were
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classified as species associated with calcareous grassland, associated with
grassland generally, or not associated with grassland.

A replicated, paired, site comparison study in 2017 on four farms in Hualien
County, Taiwan (10) found that former cropland restored by natural regeneration
had a higher species richness of butterflies, but a similar total abundance, than
cultivated farms. On uncultivated, restored farms, the species richness of
butterflies (16 species/farm) was higher than on active, conventional farms (9
species/farm), but the abundance of butterflies was similar between farms
(restored: 185 individuals/ha; active: 191 individuals/ha). Within a National Park,
78 ha of restored former farmland had not been cultivated since the Park was
established (number of years not given), and 39 ha of farmland remained in
production. In each of two areas, one restored and one active farm were selected.
Farms were 250-3,200 m apart. From May-September 2017, butterflies were
surveyed once/month along 150-m transects at each farm (number not specified).

(1) Bosshard A. & Kuster D. (2001) The significance of restored flower-rich hay meadows on
set-aside land for butterflies and grasshoppers. Agrarforschung, 8, 252-257.

(2) Taylor M.E. & Morecroft M.D. (2009) Effects of agri-environment schemes in a long-term
ecological time series. Agriculture, Ecosystems & Environment, 130, 9-15.

(3) Fuentes-Montemayor E., Goulson D. & Park KJ. (2011) The effectiveness of agri-
environment schemes for the conservation of farmland moths: assessing the importance
of a landscape-scale management approach. Journal of Applied Ecology, 48, 532-542.

(4) Woodcock B.A., Bullock ].M., Mortimer S.R., Brereton T., Redhead J.W., Thomas ].A. &
Pywell R.F. (2012) Identifying time lags in the restoration of grassland butterfly
communities: A multi-site assessment. Biological Conservation, 155, 50-58.

(5) Woodcock B.A,, Savage ]., Bullock ].M., Nowakowski M., Orr R., Tallowin J.R.B. & Pywell
R.F. (2014) Enhancing floral resources for pollinators in productive agricultural
grasslands. Biological Conservation, 171, 44-51.

(6) Toivonen M., Herzon I. & Kuussaari M. (2015) Differing effects of fallow type and
landscape structure on the occurrence of plants, pollinators and birds on environmental
fallows in Finland. Biological Conservation, 181, 36-43.

(7) Toivonen M., Herzon 1. & Kuussaari M. (2016) Community composition of butterflies and
bumblebees in fallows: niche breadth and dispersal capacity modify responses to fallow
type and landscape. Journal of Insect Conservation, 20, 23-34.

(8) Woodcock B., Ball S., Amy S., Edwards M., Redhead J., Mountford O., Gregory S., Duffield
S., Macgregor N. & Pywell R. (2016) Evaluating the relative importance of site and
landscape characteristics for invertebrate communities in grasslands restored through
agri-environment schemes. Natural England Report, RP01878.

(9) Alison ., Duffield S.]J., Morecroft M.D., Marrs R.H. & Hodgson J.A. (2017) Successful
restoration of moth abundance and species-richness in grassland created under agri-
environment schemes. Biological Conservation, 213, 51-58.

(10) YenS.-C., PanY.-C., Wang L.-H. (2018) The Effects of Agricultural Lands Management
Strategies for Biodiversity Recovery in Taroko National Park. Journal of National Park,
28, 29-43.

3.21. Create beetle banks

o Four studies evaluated the effects on butterflies and moths of creating raised beetle
banks in arable fields. All four were in the UK'-4.

COMMUNITY RESPONSE (2 STUDIES)

¢ Richness/diversity (2 studies): One replicated, paired, site comparison study in the
UK# found that beetle banks and field margins managed under agri-environment
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schemes had a higher species richness of micro-moths, and a similar species richness
of macro-moths, than conventionally managed field margins. One replicated, paired, site
comparison study in the UK found that the species richness of butterflies on beetle
banks was lower than along hedgerows.

POPULATION RESPONSE (4 STUDIES)

e Abundance (4 studies): Three replicated, site comparison studies (including one paired
study) in the UK'.23 found that beetle banks had a similar abundance of caterpillars to
field margins®, crop fields® and a range of other field-edge farmland habitats?. One of
these studies also found that the abundance of adult butterflies was lower on beetle
banks than along hedgerows'. One replicated, paired, site comparison study in the UK4
found that beetle banks and field margins managed under agri-environment schemes
had a higher abundance of micro-moths, and a similar abundance of macro-moths, than
conventionally managed field margins.

BEHAVIOUR (0 STUDIES)
Background

Beetle banks are raised grassy strips running through the centre of arable fields.
They were originally designed to enable predatory invertebrates to access the
centre of fields as a means of controlling pest species, but the habitat provided
may support a range of other invertebrate groups, including butterflies and moths
(Thomas et al. 2000).

Thomas S.R., Goulson D. & Holland J.M. (2000) The contribution of beetle banks to farmland
biodiversity. Aspects of Applied Biology, 62, 31-38.

A replicated, paired, site comparison study in 1999 on five farms in the UK (1)
found that beetle banks had a similar abundance of butterfly and moth caterpillars
to field margins, but that the abundance and species richness of adult butterflies
was lower on beetle banks than in hedgerows. The abundance of butterfly and
moth caterpillars did not differ significantly between beetle banks (0.4
individuals/sweep) and field margins (0.5 individuals/sweep). However, both the
abundance (1-2 individuals/transect) and species richness (0.5-2
species/transect) of adult butterflies were lower in beetle banks than along
hedgerows (abundance: 2-6 individuals/transect; richness: 1-3 species/transect).
A total of 12 species from three families were recorded on beetle banks, compared
to 19 species from four families along hedgerows. In summer 1999, butterfly and
moth caterpillars were sampled by sweep-netting on 22 beetle banks of different
ages and 22 permanently established field margins across five farms. Adult
butterflies were recorded on 82 transects along beetle banks and hedgerows in
June, July and August 1999.

A replicated, site comparison study in 2000 on a lowland arable farm in
Leicestershire, UK (2, same experimental set-up as 3) found that beetle banks
contained similar densities of caterpillars to other field edge habitats. There was
no difference in caterpillar densities between habitat types (data not presented).
Ten edge habitats (beetle banks, first-year wild bird cover, second-year wild bird
cover, non-rotational set-aside, brood cover, hedge bottoms, sheep-grazed
pasture edges, ungrazed pasture edges, grass/wire fence lines and winter wheat
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headlands) were included in the study (sample size not given). Caterpillars were
sampled with a vacuum suction sampler in June 2000 (no further details
provided).

A replicated, site comparison study in 1995-1999 on an arable farm in
Leicestershire, UK (3, same experimental set-up as 2) found that the abundance of
moth and butterfly caterpillars was similar in non-crop strips (grass beetle banks
or wild bird cover) and crop fields in most years. The abundance of moth and
butterfly caterpillars was similar in non-crop strips (0-1 individuals/sample) and
crop fields (0-1 individuals/sample) in four out of five years. In 1996, the
abundance of caterpillars was lower in non-crop strips (0.4 individuals/sample)
than in crop fields (0-2.2 individuals/sample). However, a composite group of key
‘chick food insects’ (including caterpillars) had higher densities in non-crop strips
(65 individuals/sample) than in crop fields (2-10 individuals/sample) in all years.
Grass beetle banks (1 m wide) were sown onto a raised bank along edges or across
the centre of fields. 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. Caterpillars were sampled each year in the centre of 5-11 grass beetle
banks or wild bird cover strips, and 3-m into 3-4 pasture, 8-12 wheat, 6-8 barley,
3-6 oilseed rape and 4 field bean fields. Two samples of 0.5 m? were taken in each
habitat using a D-Vac suction sampler in June 1995-1999.

A replicated, paired, site comparison study in 2008 on 30 farms in central
Scotland, UK (4) found that beetle banks and grass field margins managed under
agri-environment schemes (AES) had a higher abundance and species richness of
micro-moths, but not macro-moths than conventionally-managed field margins.
In AES beetle banks and field margins, both the abundance (57 individuals) and
species richness (24 species) of micro-moths were higher than in conventional
field margins (abundance: 17 individuals; richness: 8 species). However, the
abundance (294 individuals) and species richness (34 species) of all macro-moths,
and the abundance (24 individuals) and species richness (6 species) of declining
macro-moths on AES banks and margins were not significantly different from
conventional margins (all macro-moths: 207 individuals, 38 species; declining
macro-moths: 32 individuals, 10 species). In 2004, fifteen farms enrolled in AES,
and were paired with 15 similar but conventionally-managed farms, <8 km away.
On AES farms, 1.5-6-m-wide beetle banks or field margins were sown with grass
mixes, and managed with restrictions on grazing and fertilizer and pesticide use.
Field margins on conventional farms had no management restrictions. From June-
September 2008, moths were collected for four hours, on one night/farm, using a
6 W heath light trap located next to one bank or margin on each farm. Paired farms
were surveyed on the same night.

(1) Thomas S.R., Goulson D. & Holland ]J.M. (2000) The contribution of beetle banks to
farmland biodiversity. Aspects of Applied Biology, 62, 31-38.

(2) Moreby S.J. (2002) Permanent and temporary linear habitats as food sources for the
young of farmland birds. Pages 327-332 in: D.E. Chamberlain (ed.) Avian Landscape
Ecology: Pure and Applied Issues in the Large-Scale Ecology of Birds. International
Association for Landscape Ecology (IALE(UK])), Aberdeen.

(3) Moreby S.J. & Southway S. (2002) Cropping and year effects on the availability of
invertebrate groups important in the diet of nestling farmland birds. Aspects of Applied
Biology, 67,107-112.
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(4) Fuentes-Montemayor E., Goulson D. & Park K.J. (2011) The effectiveness of agri-
environment schemes for the conservation of farmland moths: assessing the importance
of a landscape-scale management approach. Journal of Applied Ecology, 48, 532-542.

3.22. Manage rice field banks to benefit butterflies and
moths

o One study evaluated the effects on butterflies and moths of managing rice field banks
to benefit butterflies and moths. This study was in Italy!.

COMMUNITY RESPONSE (1 STUDY)

¢ Richness/diversity (1 study): One replicated, site comparison study in Italy' found that
unmown, herbicide-free rice field banks had a greater species richness of butterflies than
banks which were mown or sprayed with herbicide.

POPULATION RESPONSE (1 STUDY)

e Abundance (1 study): One replicated, site comparison study in Italy! found that
unmown, herbicide-free rice field banks had a higher abundance of butterflies, including
large copper, than banks which were mown or sprayed with herbicide.

BEHAVIOUR (0 STUDIES)
Background

Rice paddy fields are unusual among agricultural habitats as they normally have
banks as field boundaries (rather than hedgerows, walls or ditches). The banks
are often managed to reduce vegetation cover, either by spraying with herbicide
or by mechanical cutting (Giuliano et al. 2018). However, reduced management
may enable vegetation cover to develop and flower abundance to increase, which
may benefit butterflies and moths.

Giuliano D., Cardarelli E. & Bogliani G. (2018) Grass management intensity affects butterfly and
orthopteran diversity on rice field banks. Agriculture, Ecosystems & Environment, 267, 147-155.

A replicated, site comparison study in 2016 on three rice farms in Pavia
province, Italy (1) found that unmown, herbicide-free rice field banks had a higher
abundance and species richness of butterflies than banks which were mown or
sprayed with herbicide. On unmanaged banks, the abundance (1.2-12.2
individuals/100 m) and species richness (0.7-2.6 species/100 m) of butterflies
was higher than on mown (abundance: 0.5-6.1 individuals/100 m; richness: 0.4-
2.0 species/100 m) or sprayed banks (abundance: 0.1-2.3 individuals/100 m;
richness: 0.1-1.1 species/100 m). Endangered large copper Lycaena dispar
butterflies were present on more unmanaged banks (48 individuals) than on
sprayed banks (10 individuals). See paper for other species results. Banks (1-2 m
wide) between paddy fields on three farms were managed in one of three ways:
sprayed with herbicide (Glyphosate) in April, mown 1-3 times between late April
and August, or left unmanaged with permanent herbaceous cover. From April-
September 2016, butterflies were surveyed monthly on 160-440-m-long
transects on 30 field banks (13 sprayed, 13 mown, four unmanaged).
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(1) Giuliano D., Cardarelli E. & Bogliani G. (2018) Grass management intensity affects

butterfly and orthopteran diversity on rice field banks. Agriculture, Ecosystems &
Environment, 267, 147-155.

Livestock farming and ranching

3.23. Maintain species-rich, semi-natural grassland

Nineteen studies evaluated the effects on butterflies and moths of maintaining species-
rich, semi-natural grassland. Five studies were in Germany!.2417.19  four were in the
USAS5-7.10 two were in each of Switzerland®'3 and the Czech Republic'®16, and one was
in each of Finland and Russia8, China?, Italy!, Spain?, Hungary'4 and Austria's.

COMMUNITY RESPONSE (12 STUDIES)

Community composition (6 studies): Four replicated, site comparison studies in the
USA0, the Czech Republic'®, Austria’® and Germany'® found that the community
composition of butterflies0.'8, day-flying moths'8 and nocturnal moths'6.1® was different
between summer cattle-grazed, early-mown and late-mown grassland’8, between mown
and grazed grassland'819, and between prairies managed by cattle grazing and/or
rotational burning. However, one of these studies found that the community
composition of butterflies was similar in mown and grazed grassland'é. Two replicated,
site comparison studies in the Czech Republic'® and Germany'” found that species-rich
grassland managed by grazing or mowing had a similar community composition of
butterflies'®'” and burnet moths'” to abandoned grassland. One replicated, site
comparison study in Switzerland'3 found that meadows managed by mowing at least
twice/year after mid-June had a different community composition of butterflies to sown
wildflower strips.

Richness/diversity (11 studies): Three of six site comparison studies (including five
replicated studies) in Germany?, the USA'.10, Russia and Finland?, Italy' and the Czech
Republic'® found that the species richness of butterflies was similar on semi-natural
grassland managed by light grazing or by annual mowing in July or August28, and on
prairies managed by cattle grazing and/or rotational burning0. One study found that the
species richness of butterflies was higher in grassland managed by sheep and cattle
grazing than in grassland mown annually for hay in June'!. One study found that the
species richness of moths was higher in grassland managed by annual mowing than
grassland managed by grazing, and the species richness of butterflies was highest in
grasslands where mowing was staggered throughout the year, with some areas left
uncut'®. The sixth study found that in some areas, the species richness of specialist and
grassland butterflies was higher in prairies managed by two-year rotational haying, and
in other areas it was higher in prairies managed by grazing, but in all cases richness was
higher at sites longer after they were last managed’. Two replicated, site comparison
studies in Germany'”."9 found that species-rich grasslands managed by summer-
grazing'’, grazing'® or mowing'” had a similar species richness of butterflies and burnet
moths'7 and nocturnal moths'® to unmanaged grassland. However, one of these studies
also found that grasslands managed by mowing had a lower species richness of
nocturnal moths than unmown grassland'®. Two replicated, site comparison studies in
Germany# and Hungary found that old meadows mown in July* and lightly grazed or
annually mown meadows' had a higher species richness of adult butterflies4'4 and
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caterpillars* than recently established set-aside* or cereal crops*'4. One replicated, site
comparison study in Switzerland'3 found that meadows mown at least twice/year after
mid-June had a similar species richness of butterflies to sown wildflower strips.

POPULATION RESPONSE (16 STUDIES)

Abundance (16 studies): Five of ten site comparison studies (including nine replicated
studies) in Germany'2, the USA5-7.10, Russia and Finland, Italy!!, Spain'2 and the Czech
Republic'® found that semi-natural grasslands had a similar abundance of butterflies
generally28, and individual species of butterfliest'’> and moth caterpillars!, when
managed by extensive sheep!, sheep and goat's, cattle® or livestock?6 grazing
compared to annual28 or occasional'® mowing, or rotational mowing or burning®. Four
of these studies found that grasslands managed by cattle'’, sheep®" or livestock®6
grazing had a higher abundance of butterflies generally'', and individual species of
butterflies®6 and moth caterpillars’, than grasslands managed by annual mowing*!",
rotational burning® or unmanaged grasslands®6. Three of these studies found that
grasslands managed by haying had a higher abundance of individual butterfly
species®6.12 than grasslands managed by grazing®'2 or burning®$, or unmanaged
grasslands58, Four of these studies found that specific butterfly species56.15 and all
butterflies'® were less abundant in mown58.15 grazed>6.10.15 or rotationally burned??
grassland than in unmanaged56.15, rotationally bumed® or grazed and burned?0
grassland. The ninth study found that in some areas, the abundance of specialist and
grassland butterflies was higher in prairies managed by two-year rotational haying or by
grazing, but in all cases abundance was higher at sites longer after they were last
managed’. One of three replicated, site comparison studies in Germany'7." and
Switzerland? found that traditional hay meadows mown once/year in June or July had a
higher abundance of heath fritillary adults and caterpillars than old, abandoned
meadows?. One study found that summer-grazed or mown grasslands had a higher
abundance of farmland butterflies and burnet moths, but a lower abundance of woodland
butterflies and burnet moths, than abandoned grasslands'’. The third study found that
mown grasslands had a lower abundance of moths than unmown grasslands, but grazed
grasslands had a similar abundance of moths to ungrazed grasslands®. Two replicated,
site comparison studies in China® and Switzerland*® found that semi-natural grasslands
managed by grazing? or cutting twice/year after mid-June'3 had a lower abundance of
marsh fritillary eggs and caterpillars® and adult butterflies'® than ungrazed margins and
intercrops® or sown wildflower strips'. One replicated, site comparison study in
Hungary4 found that semi-natural grasslands managed by either light grazing or mowing
oncelyear in May or June had a higher abundance of butterflies than conventional wheat
fields.

Survival (1 study): One replicated, site comparison study in China® found that marsh
fritillary eggs had a similar survival rate in uncultivated, grazed meadows and cultivated,
ungrazed field margins and intercrops, but the survival of caterpillars was higher in the
grazed meadows.

BEHAVIOUR (5 STUDIES)

Use (5 studies): Two replicated, site comparison studies in Austria’® and Germany??
found that 14 species of moth'8.19 preferred grazed pastures while 24 others avoided
them'?, and three species of butterfly’® and ten nocturnal moths'® preferred mown
meadows, while 19 nocturnal moth species avoided them. One replicated, site
comparison study in Spain'2 found that meadows managed by summer-grazing or hay-
mowing were more likely to be occupied by grizzled skipper and painted lady than
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unmanaged meadows, but small pearl-bordered fritillary occurred less frequently in
grazed meadows than in hay meadows or abandoned meadows. One replicated, site
comparison study in Finland and Russia8 found that three of 37 butterfly species
preferred meadows which were mown annually in July or August to cattle-grazed
pasture, but the other 34 species showed no preference. One replicated, site comparison
study in China® found that uncultivated, grazed meadows were less likely to be occupied
by marsh fritillary eggs and caterpillars than cultivated field margins and intercrops.

Background

Species-rich, semi-natural grassland represents an important habitat for
butterflies and moths, particularly in agricultural areas. Such grasslands can be
maintained either by extensive livestock grazing, or by infrequent (often annual)
cutting for hay (Dover et al. 2011). This intervention includes studies which
compare the maintenance of grasslands under these two management techniques,
as well as comparisons between semi-natural grassland and other agricultural
grasslands.

For studies on the effects of abandoning management on semi-natural grasslands,
see “Cease grazing on grassland to allow early succession” and “Cease mowing on
grassland to allow early succession”. For studies on restoring semi-natural
grassland following a period of abandonment, see “Restore or create species-rich,
semi-natural grassland”. For studies on restoring grassland on former arable land,
see “Restore arable land to permanent grassland”. For studies on restoring species-
rich grassland from productive grassland, see “Reduce grazing intensity on
grassland by reducing stocking density”, “Reduce grazing intensity on grassland by
seasonal removal of livestock”, “Reduce cutting frequency on grassland” and “Reduce

management intensity on permanent grasslands (several interventions at once)”.

For other grassland management options, see “Natural system modifications - Use
prescribed fire to maintain or restore disturbance on grasslands or other open
habitats” and “Habitat restoration and creation - Change mowing regime on
grassland”.

Dover J.W., Spencer S., Collins S., Hadjigeorgiou I. & Rescia A. (2011) Grassland butterflies and low
intensity farming in Europe. Journal of Insect Conservation, 15, 129-137.

A replicated, paired, site comparison study in 1990-1991 in 35 calcareous
grasslands in Northern Bavaria, Germany (1) reported that semi-natural
grasslands maintained by sheep grazing had a higher density of meadow neb moth
Metzneria metzneriella caterpillars, and a similar occurrence of hoary bell moth
Eucosma cana caterpillars, compared to mown grasslands. Results were not tested
for statistical significance. In grazed grasslands, 2.9-3.3% of greater knapweed
Centaurea scabiosa flowerheads contained meadow neb caterpillars, compared to
0-0.3% of flowerheads in mown grasslands, and 2.2-2.5% of flowerheads in
abandoned grasslands. The occurrence of hoary bell was similar in mown, grazed
and abandoned grasslands (data not presented). Thirty-five grasslands (0.5-2 ha)
were managed by either light sheep grazing in early autumn (7 sites, vegetation
<10 cm) or annual mowing (usually in midsummer, 7 sites, vegetation ~25 cm
before cutting), or had been abandoned for at least five years (21 sites, vegetation
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>25 cm with shrubs). In September-October 1990 and 1991, samples of 100-350
greater knapweed flowerheads/site were collected from seven pairs of grazed-
abandoned and mown-abandoned grasslands, and seven (1990) and four (1991)
unpaired, abandoned grasslands. Flowerheads were dissected in the laboratory to
identify caterpillars.

A replicated, site comparison study in 1994 in 19 traditional hay meadows in
Bavaria, Germany (2) found that the abundance and species richness of all
butterflies, and of threatened species only, was similar in mown and grazed
grassland. In lightly grazed meadows, the abundance of all species of butterfly
(39.5 individuals) and of 16 threatened species (6.9 individuals) was similar to the
abundance in meadows mown once/year (all species: 25.8 individuals; threatened
species: 7.5 individuals). The species richness of butterflies was also similar in
grazed and mown meadows (data not presented). However, managed meadows
had a higher abundance and species richness of butterflies than abandoned
meadows (data not presented). Nineteen meadows, which had been managed in
the same way for at least 5-20 years, were compared. Six traditionally managed
hay meadows were mown once/year in July or early August, nine meadows were
extensively grazed with sheep, cattle or horses for a few weeks each summer, one
meadow was grazed by sheep throughout the summer, and three meadows were
not managed (abandoned). From June-August 1994, butterflies were surveyed
along a fixed transect five times in each meadow.

A replicated, site comparison study in 1993-1994 in 16 alpine meadows in
southern Switzerland (3) found that traditional hay meadows and recently
abandoned meadows had a higher abundance of heath fritillary Mellicta athalia
adult males and caterpillars, but not females, than old, abandoned or restored
meadows. There were more adult males and caterpillars in traditional hay
meadows (males peak: 30 individuals/hour; caterpillars: 0.5-3.5
individuals/hour) and recently abandoned meadows (males: 40 individuals/hour;
caterpillars: 4-8 individuals/hour) than in old, abandoned (males: 21
individuals/hour; no caterpillars) or restored meadows (males: 20-22
individuals/hour; caterpillars: 0-0.2 individuals/hour). The number of females
was not significantly different between meadows (traditional: 5; recently
abandoned: 14; old abandoned: 5; restored: 7-14 individuals/hour). Marked
butterflies were recorded moving between all habitat types. Five traditional hay
meadows were mown once/year in June or July, five old, abandoned meadows had
been unmanaged for >25 years, two recently abandoned meadows had been
unmanaged for around six years. From 1992, two abandoned meadows were
restored by annual mowing, and two were restored by mowing every 4-5 years.
From June-July 1993-1994, adult butterflies were caught and marked for 45
minutes/meadow every other day. In 1994, each meadow was searched for three
hours, spread over several days, to record solitary caterpillars.

A replicated, site comparison study in 1992 in agricultural land in Baden-
Wiirttemberg, Germany (4) found that old meadows had a higher species richness
of adult butterflies and caterpillars than either recently established set-aside.
Adult butterfly species richness was higher in old meadows (20 species) than in
naturally regenerated set-aside (11-13 species), sown set-aside (7 species) or
cereal crops (4 species). Caterpillar species richness was also higher in old
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meadows (16 species) than in naturally regenerated set-aside (3-7 species).
Butterfly species found in meadows tended to be less migratory, spend longer as
caterpillars (meadow: 121 days; set-aside: 44-105 days), and have fewer
generations/year (meadow: 1.8 generations/year; set-aside: 1.9-2.7
generations/year) than species in recently established set-aside. In 1992, four
fields in each of seven management types were studied: old meadows (>30 years
old), former cereal fields left to naturally develop as set-aside for each of 1, 2, 3
and 4 years, 1-year-old set-aside sown with lacy phacelia Phacelia tanacetifolia,
and cereal fields (rye Secale cereale or wheat Triticum aestivum). Meadows and
set-aside fields were mown once/year in July. From May-October 1992, adult
butterflies were counted along transects nine times/field. In September 1992,
moth and butterfly caterpillars were sampled twice by sweep-netting.

A replicated, site comparison study in 1988-1996 in 17 upland prairies in
Missouri, Minnesota, North Dakota and Wisconsin, USA (5, same experimental set-
up as 6, 7) found that prairies managed by haying or grazing had a higher
abundance of four specialist butterfly species, but a lower abundance of three
species than prairies managed by burning or unmanaged sites. Of seven prairie
specialist butterfly species, three (regal fritillary Speyeria idalia, Pawnee skipper
Hesperia leonardus pawnee, Dakota skipper Hesperia dacotae) were more
abundant in prairies managed by haying than in rotationally burned, grazed or
unmanaged prairies in at least one of three regions. Gorgone checkerspot Chlosyne
gorgone was more abundant in grazed prairies than burned or unmanaged areas.
However, three species (gray copper Lycaena dione, arogos skipper Atrytone
arogos, Poweshiek skipperling Oarisma poweshiek) were less abundant in hayed
or grazed prairies than in unmanaged prairies in at least one of three regions. See
paper for individual species data. Across 17 prairies (16 to >120 ha), two areas
were managed by grazing, six by haying (often in rotation), eight by burning on
rotation, three by burning and haying, and two were unmanaged. From 1988-
1996, butterflies were surveyed on transects through different management areas
at each site. Sites were not surveyed in every year.

Areplicated, site comparison study in 1986-1995 in 104 tallgrass prairies and
141 pine barrens in Illinois, lowa, Minnesota, Missouri, North Dakota and
Wisconsin, USA (6, same experimental set-up as 5, 7) found that hayed, mown, cut
or grazed grasslands had a higher abundance of six of 16 specialist butterfly
species, but a lower abundance of three specialist species, than burned or
unmanaged grasslands. Of 16 prairie or pine barren specialist butterfly species,
five were more abundant in sites managed by haying (Dakota skipper Hesperia
dacotae, pawnee skipper Hesperia leonardus pawnee), mowing (Persius
duskywing Erynnis persius), cutting (cobweb skipper Hesperia metea) or grazing
and haying (regal fritillary Speyeria idalia), than burned or unmanaged sites.
Arogos skipper Atrytone arogos was most abundant in grazed and hayed, or
unmanaged, sites. Poweshiek skipper Oarisma poweshiek was less abundant in
sites managed by haying than in unmanaged sites, and Ottoe skipper Hesperia
ottoe and dusted skipper Atrytonopsis hianna were less abundant in sites managed
by grazing or mowing than in rotationally burned sites. See paper for individual
species data. Seven species had similar abundance between management types
(see paper for details). Of 104 prairies (1-2,024 ha), 27 were hayed in summer on
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a 1-2-year rotation, of which two were also grazed occasionally with cattle; 10
were grazed; 61 were managed by cool-season burning on a 2-5-year rotation, of
which 21 were additionally mown or hayed; and six had not been managed for
many years. Of 141 pine barrens, some were burned by wildfires, some were used
for off-road vehicle trails, and some were power line rights-of-way (no further
detail provided). From April-September 1986-1995, butterflies were surveyed on
transects at each site. Most sites were surveyed more than once/year, and in >1
year.

A replicated, site comparison study in 1990-1997 in 106 tallgrass prairies in
[llinois, lowa, Minnesota, Missouri, North Dakota and Wisconsin, USA (7, same
experimental set-up as 5, 6) found that in some states, prairies managed by haying
had the highest abundance and species richness of specialist and grassland
butterflies, but in other states grazing supported a higher abundance and species
richness of butterflies compared to other management types. In Missouri, the
abundance and species richness of specialist and grassland butterflies was higher
in prairies managed by two-year rotational haying than in rotationally burned
areas. In Minnesota, North Dakota and western lowa, the abundance of specialist
and grassland species was higher in hayed areas than in burned areas, and the
abundance and richness of specialist species was lower in rotationally grazed
areas. However, in eastern lowa, Illinois, and Wisconsin, the abundance of
specialist and grassland species, and the richness of specialists, was higher at a
continuously grazed site than in other management types. All data were presented
as models results. Across all prairies, specialist and grassland butterfly abundance
and richness tended to be higher at rotationally managed sites (haying, grazing or
burning) longer after they were last managed. Of 106 prairies (1.2-2,024 ha), 27
contained areas managed by haying, mostly on a two-year rotation, seven were
managed by rotational grazing (0.3-0.6 animals/ha/year) and one by continuous
grazing (3-6 animals/ha/year), 77 areas were managed by rotational burning
(every 2-5 years) in the cool-season (of which 24 were also hayed or mown), and
nine had been unmanaged for many years. From May-September 1990-1997,
butterflies were surveyed on parallel transects (5-10 m apart) at each site. Most
sites were surveyed more than once/year, and in >1 year. Species were classified
as “specialists” (of native plants), “grassland” (occurring widely in open habitat)
and “generalist” (occurring in a range of habitats).

A replicated, site comparison study in 1997-1999 in 16 pastures and
meadows in northwest Russia and southeast Finland (8) found that butterfly
abundance, species richness and diversity were similar in mown meadows and
grazed pastures. In mown meadows, the total abundance (3,660 individuals) and
species richness (46 species) of butterflies was not significantly different from the
total abundance (2,082 individuals) and species richness (42 species) in grazed
pastures (see paper for diversity data). Only three out of 37 species showed a
significant preference for mown meadows (Amanda’s blue Polyommatus amandus,
large skipper Ochlodes sylvanus and ringlet Aphantopus hyperantus, see paper for
data). The remaining 34 species did not show a significant preference for either
field type. Butterfly communities were affected more by the origin and age of the
grassland than the present management method (see paper for details). Eight
meadows were mown annually in late July or August and eight pastures were
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grazed by cattle, although some had sheep or horses temporarily. Tilling and
fertilisation (manure) tended to occur at intervals of 3-10 years. In June-July
1997-1999, butterflies were surveyed 12-13 times/site along transects (640-720
m).

Areplicated, site comparison study in 2003 in 38 meadows in Hebei Province,
China (9) found that uncultivated, grazed meadows were less likely to be occupied
by marsh fritillary Euphydryas aurinia eggs and caterpillars than lightly cultivated
meadows with grass margins and intercrop, but caterpillar survival was higher in
the uncultivated meadows. Fewer entirely uncultivated, grazed meadows
contained eggs (1/12 meadows) and caterpillars (5/22 meadows) than meadows
with some cultivation (eggs: 9/11; caterpillars: 11/16 meadows). In total, 70 egg
clusters were found in grazed meadows, compared to 179 egg clusters in
cultivated meadows (statistical significance not assessed). The mortality of egg
clusters was similar in grazed meadows (16% of 69 clusters) and cultivated
meadows (10% of 177 clusters), but the survival of pre-hibernation caterpillars
was higher in grazed meadows (21/59, 33%) than in cultivated meadows (23/164,
14%). A total of 38 meadows (0.025 ha-3.200 ha) were studied. In 2003, twenty-
two meadows were entirely uncultivated and grazed. Another 16 meadows
contained some cultivation (corn or potatoes), and were divided into cultivated
habitat (grass strips within and around the crop, no grazing from April-October)
and meadow habitat (meadows and fallow land, grazed by sheep and cattle). In
June 2003, twelve uncultivated and 11 cultivated meadows were searched for egg
clusters. These were marked and observed every other day until all hatched
caterpillars had disappeared or begun overwintering. In September 2003, all 38
meadows were surveyed for caterpillar nests.

Areplicated, site comparison study in 2004-2005 in two remnant prairies and
adjacent land in Iowa, USA (10) found that prairies which were grazed and burned
had a higher abundance, but not species richness, of butterflies than prairies
which only received grazing or burning, but the three management practices
supported different species. The abundance of butterflies in grazed and burned
prairies (31.5 individuals/unit) was higher than in prairies which were only
grazed (27.8 individuals/unit) or only burned (20.2 individuals/unit). Species
richness of butterflies was similar in prairies managed by grazing and burning (8.5
species/unit), only grazing (7.4 species/unit) and only burning (8.6 species/unit).
Butterfly diversity was lower in prairies managed by grazing only, or grazing and
burning, than in prairies managed by burning only (data presented as model
results). However, each management practice supported 